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FI ELD [ 001] The invention generally relates to data analysis and control of
a manuf acwornrigspeiacess, and particularly to control | i ngca/usanmoidacseri ng
process with a multivariate nodel. BACKGROUND [002] In many industries,
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the process results in a particular biological fermentation or cell culture process). In

continuous manufacturing processes, materials are manufactured, processed or produced
substantially without interruption.  Examples of industries employing continuous
manufacturing processes are, for example, the petrochemical industry (e.g., oil and gas) or the
float glass industry.

[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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[007] Regulatory agencies often require manufacturers to demonstrate a process is

maintained within a certain “knowledge space,” where the knowledge space includes an
operating region that has been explored through experimentation and/or mechanistic
knowledge. For example, in the pharmaceutical and biotechnology industries, this concept is
known as “Quality by Design” or “QbD.” The knowledge space can also be referred to as the
“design space” and generally includes an operating region that has produced products that
have been verified to meet a specified quality standard.

[008] Process variables are frequently related to yield or response variables. The
process variables can be thought of as predictors or indicators of the yield or response
variables based on an underlying relationship between the variables. Data indicative of the
process and yield variables are measured and stored during a manufacturing process, either
for real-time or later analysis.

[009] Generally, two categories of data are associated with a manufacturing process.

One type of data, usually denoted X-type data (e.g., X data, X-variables, X sets, or
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deviation to an operator or process engineer. The operator or process engineer interprets the
alarm and determines the underlying cause of the deviation. The operator or engineer then
manually takes corrective action to return the manufacturing process to normal operating
conditions. One drawback of SPC or MSPC processes is the requirement that a process
engineer or operator diagnose a problem and manually implement corrective steps.
[0011] Moreover, existing statistical process control methods are more difficult to
apply to batch processes. Control over batch manufacturing processes involves monitoring a
process and maintaining the process (e.g., by adjusting process parameters) along a trajectory
that corresponds to a desirable result for the batch. This approach to applying multivariate

control strategies to batch processes attempts to optimize a batch-level score space, and then

determine the process trajectory that results in the optimized score space.
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control actions. in res onge that. encourage
constrain a batch process within a design space, henc

e He these control methods manipulate
the manufacturing process into new, unexplored operating regions that are outside the design
or knowledge space. The concepts described here overcome this obstacle by monitoring
closed-loop system performance and providing control actions in response that encourage or
urge the manufacturing process towards the acceptable design or knowledge space, e.g., by
appropriately analyzed and weighted constraints on the manufacturing process towards an
acceptable model space (measured by, e.g., DModX). Using the model-predictive concepts
described here allow automated control over batch processes, e.g., by adjusting batch
trajectories during processing to control or optimize the result of the batch process.

[0014] An advantage realized is the avoidance of optimizing a batch-level score space
and then imputing a trajectory to produce the optimized result. Instead, the systems and
methods described determine a set of manipulated variable values that result in an optimized

result at the completion of batch processing. To achieve tighter control, manipulated

variables and manipulated variable data are distinguished from dependent variables and
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Moreover, multivariate methods for estimating future values of dependent values are also
described.

[0016] An additional advantage results from partitioning or dividing the X-type
variables into subsets or sub-types. One subset of X-type data are identified as manipulated
variables (or manipulated variable values) and denoted Xmy. Another subset of X-type data
are identified as dependent variables and denoted Xp. Manipulated variables are generally
variables or manufacturing parameters that can be directly controlled such as, for example,
supplied temperature, chemical concentrations, pH, gas pressure, supplied power, current,
voltage, or processing time. In general, a manufacturer usually accounts for or monitors less
than about 20 manipulated variables due to processor and memory limitations in monitoring
and analytical systems. Processes involving more than about 20 manipulated variables can
become computationally unwieldy. Dependent variables are generally variables that are

measured by sensors and cannot be controlled directly. Examples of dependent variables are,
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represented by manipulated variable data) are controlled during the manufacturing process.
The first set of process parameters (e.g., which are represented by dependent variable data)
are not directly controlled during the manufacturing process. When the operating parameters
include values for the manipulated variables, the method involves providing the 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
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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
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associated with penalties for deviating from the multivariate model. In some embodiments,

the solver module is a constrained optimization solver. Some configurations include the
control module including the solver module. Moreover, the solver module can include the
control module, or both the solver 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
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above-descri bed aspects teaturing any of the above enbodi nents or benefits
t her eodccompanying drawings in which like reference characters refer to the same parts throughout

the different views. The drawings are not necessarily to scale, emphasis instead being placed
upon illustrating the principles of the embodiments.

[0031] FIG. 1 is a block diagram of a system that embodies aspects of the invention.
[0032] FIG. 2 is a block diagram illustrating an embodiment of a controller that
includes a multivariate model.

[0033] 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.
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can include tools or processes (not shown) for, for example, cleaning, purification, depositing
material, mixing materials or chemicals, dissolving materials or chemicals, removing
materials, rinsing materials, and/or performing other functions within the processing facility
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 Xyy, 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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[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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t he pr&ﬁ%sa gg%lufewiggx%&%% L7, TREBNL gﬁecwlem%ew MFié%ﬁgﬁeﬂTts&rE@e dat a

acqui sition ofout put's he system
100 al providad lin ste‘ssta:ahpmoesys cb6@ol Wh]moumrmulylvalﬁﬁe asidebe. ng‘éd p&@hqted meld

exanpl e, stor r.evi ousl enerated nultivari at. del s 150
o v ot0rS s B Y Saot il caare: by o PELFR Selpso sAF AR 2 s a
bl ock HhagHAsR hbleunhikiRbiiftg stfistRad in@ide £HorlGRT 04L& 6r 8 FMbMAtvaiuac! udes
a multivariate nodel 205. The controller 200 al so includes a solver nodul e
210 andlimilarly, 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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a dependent variable XD nodel 215. [0045] The nultivariate nodel 205

recei ves as input dependent variable data 220 froma plurality of sensors
(not shown.20flBs4tependent vari abl e data 220 can be expantam2dg/oprieédi ct ed
dependent vari abl e val ues 225 provi ded fromthe dependent variabl e nodel
215. The nul tivari ate nodel 205 al so receives neasured val ues of

mani pulratqd vArjrabl & déta 230. The nultivariate nodel 205 al so receives
mani pul at ed gar1 able data 235 fromthe sol ver nodul e 210. [0046] The
nultivaﬁiate nodel 205 receives nmeasured (220) and predicted (225) val ues
for t h®¥'d€pendent variable data as well as neasured (230) and predicted
(e.g., ,setpoint . 235) r Faul Lardiapl e data.
Based on the reg%?%%ﬁf%%é%ggfﬁﬁghﬂﬁ§¥%§$F%?§’ﬁ%@%?ﬂﬁgﬁggﬂ%ﬁﬁggg i nformation
240 t opevieusbdtstess, modul e 210. The infornation 240 can include, e.g., a
score and one or_mare nmultivariate statistics. For exanple, the score can
be a predicted yj8l{d score (Ypred) - The predicted yield score Ypred is
simlar to the SRy s provided in statistical process control wthout a

mul tivariate nodel. (,en@syred helupofuarcabéad, for plverisldes,e can be based on a
princi pal conponent| anal ysis or partial |east squares calcul ation). The one
or nore nultivarj®gtle statistics can include a Hotelling T2 value or a DwvbdX
value. Simlarly, the one or nore nultivariate statistics can include a
resi dual standar{d,devi ati on value, a principal conponent analysis score, a
partial |east sqﬁggas (sonetines called projection to |atent structures)
score, ,0r any cona nat | . i i LSt l.C Yo d here. In
some efibodi ment s|, it 12&%3%][17 8?%&0??/%5583%%%%:{)%%%?%?%? %Séﬁﬁ?r‘zagltg E%ﬁ’ one
multivariate statigtic to the solver nodule 210. The nultivariate
statistics can prdvi de constraints to the solver nodul e 210. [0047] The

mul tivariate nodel 205 can perform faqr exanple, a Hotelling, calculation or
a DMVbdX cal Tul atIdAVEHC eREriaRcecnFaRelatom Bl xyadpch 1s theinkerse 8§ t9a|  conponent s

O D3 Lok 350320V BuS Ay (hGY T ne @ T2 of DNDAX val ue.
X

respective ue cah be calculated according to the follow ng
equation:.2 _ x g3 31 (¥ 0.) K s|where: s = standard deviation for a
particul ar vari apl'e, S}ﬁase‘ﬁ on %& A acquired for

2 23 7 2p
S = S32 e S,
Q2
L Sy |
where:
1 k& _ -\r . 1. . .. . .
Sy = N1 > (x,.j - xXx,.j - x) , where indices i and j identify the matrix
L=l j=1

element for both S and x in a generalized % x » matrix.
[0048] In the multivariate modeling example above, the x-variables in the above
equations usually are score vectors of a principal components or partial least squares model

usually with mean values (4,) equaling zero. Because these score vectors are orthogonal,

the matrices S and S are diagonal with the variances and respective inverse variances of
each component score vector as diagonal elements.

[0049] A t-score value can be thought of as a projection onto a line (e.g., a principal
components or partial least squares model axis) in a p-dimensional space that provides an

acceptable approximation of the data (e.g., a line that provides an acceptable least squares
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previ ous batches, x , nmeasured value of variables, for p variables, M ,
nmean val ue of variabl es based on previous batches, for p variables, t - 1
an i nver s®ocowasserpce or correlation matrix, which is tireTiusc@ose148é t he
covariance or correlation matrix, S, illustrated below S Sn s Ip VT2 S2 -

S s puwiere: v\ S- Axv ~J"' ereindices andy identif he. mat r i X

o1 ool Broctsic-Soie pe ed (cgrb Pl DG RO IR TIOEOR S B T isein

mul t i V@eadnghodad&its ng exanpl e above, the x-variables in the above equations
usualgy are score vectors of a principal conponents or partial |east

squar e gangel, adiadalue inia palelation af thesweigbteyl disfardei eligmasviactutag puensss hese
score Yeahl ToALe IAROTINah, LG BE LERR SaRliectiide scdl pGANAl LN the
vari ances and respecti veé®rnverse vari-ances 0f eath coApofient score vector

as di agapalpredireeihder ARRAPprobeds-dpeaition \6albdsdc@npledictddoudiids difdepéndant
projection onto a line (e a _principal conponents or partial |eas

S quar cearigblgehtacaraior manighlod vaRris Sl OBp36E (¢ Regerpnst tha Baeanmeat el bl ¢

Ctauar oty WekidelR f fis(oFa BoomArl ARG KRRl A REPS L P

squar est second t-'score“can
or t hogowhistet ®ftdata poinst il bneg)dinensiond gabgdvheatrs is the genberadf, measiiradal ue i s

a calculatjon,of the wei.ghted_di stance of manufacturin rocess .var.l abl es

For - arMBHRIEDOcss SHHEbIE e PIeyuort pooR San PSS PRI ORI a | ve
Lo an Qb therLeis e HHANRE s MO  ville RIAS SqRrQPsRhEOD R heRAGRHtTORRII Ct ed
val ues "of dependent vari able data and/or mani pul ated vari able data. One way

t 0 undentr axfidhis edustaraofi deja pbintshweiphtedatelpgive o tthe vaniatiodequtput afrthe ér fe of a

geonetric description. or mal. manuf act.ur.in rocess is.a cluster. of data
poi nt sharipabiroress Bhhdion nTRe Ui HSE % RAE i Sigha iRl
manuf agbildunds eQUeES of dbiagidligs. InlfeRL THotoRinE-tSRocActalbndlcap bdasddne,

reduced di mensionality . o . ) .
for example, determine whether a particular point is an outlier (e.g., outside the hyper-ellipse)

with respect to the remainder of the data set. More specifically, a Hotelling calculation can
be used to determine whether a particular measured parameter is outside an alarm limit or
outside the knowledge space, as determined by a mathematical model for the process
parameters being observed.

[0050] Another example of a multivariate statistic is a DModX calculation or residual
standard deviation calculation. A DModX calculation involves calculating the distance of a
particular data point from a location in an p-dimensional space that represents a preferred
location (e.g., a location associated with an ideal batch). The DModX value is calculated
using a principal components or partial least squares analysis that maps the p-dimensional
variable to a lower order (e.g., less than order p) dimensional variable (e.g., a score space).
Mathematically, the DModX value is the orthogonal component (or residual) resulting from
the principal components or partial least squares analysis. A DModX value can be indicative
of a range of values (e.g., a “tolerance volume”) about one or more variables (e.g., data
points) in the mathematical model.

[0051] The solver module 210 also receives operational objective values 245
representing the target or setpoint 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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space of the scores. Hotelling's T2 value is the squared distance of a new
output fromthe center of this cluster of data points weighted relative to
t he vari avoaniooss4gat of the in the normal process condi PronsS2ibe2mas i ati on
is often illustrated as an p-di nensional hyper-ellipse that bounds the

cluster of ta points. In general,. Hotelling-type calcgulatio can be used
Co,  f oyaluERanpies dlseaa iAvhi %ﬁé?lﬂevar&tep@f)@?l&?h%a(ﬁ-gpa?wplﬁgteiﬂa% frdrese. g.

out si dg3sh haq hypBbaeh 4 RS Sle WielddSREGhletRoddI 15 "R Y epboditfntiakia set.
More specifically, a Hotelling calculation can be used to determ ne whet her

a par tmenipelatedwagahlesalpey 2sepreséns sefpoist vaduesofdheamanipilatad variablas fir dee t he
know edge ace, as determn by. a thematical nodel. for,the pro S
par ancPRTER P BE LT baLen B0 froRn S B b preParty Hifeple o h

st ati seigC, théprRsdaValie oatHethalipRe®@ arigidsjiual st andard devi ati on

cal cul ati on. A DWvbdX cal cul ation involves cal culating the distance of a

parti cl033] dat a lpoisemef ephodimenisatthe rsolver amogulg Abhspefams spascarehh fer
: . I i ) . i i 1 i deal
pat oy U RERERAE PP 6al ke el Bl B°EH |0 ETRCRBL RO P10, | Ce2

al'ue’i1s ca onen
part i adonbteindd inqhia sefclabaktheshforinhaén 2EPthe hdtiyartiteniandel @08 lprordddsainti ¢het 0 a

| oner order .(e.g., less than order p), di.mensi opal riable (e, g,., a score
space) MUl gEpipsseda ﬂmw@tw%&wcgwfc el 2hog aq%%ﬁbg%@ﬁw( or
resi duglde, %?e%lf\f}beg')%agig{oﬁélmoha il !oﬂgh@ﬂlv&mwﬂﬁ(e%, R thahusdrapgtfagauar es

anal ysi s. ue can be indicative of a range of values (e.g., a
"t ol er Hifod HIG| Ue") about one or nore variables (e.g., data points) in the

mat he Lecal model . [0051] The.solyer 210 .al so recei ves rational
obj ec?ﬁbéﬁval uegﬁfflgL’Pe@g?r&sgﬂﬂb_ﬁ%l)é/%gmtﬁrgfgif BPVidet Q{)fidr‘u‘ieie é’laﬁ1 S?%%q lity,
yi el d, ipERERE Sarfald alth Qo Ahe MlitVaYialel Bb&] 051 tTHR! ddpafidipt Sariable nfdebVETS nodul e
210, based on the received information 240 and operational objective val ues

245, dengrevidepredidtedbvalugs ofdepardenpuariabedatain apleety f eaysp T €82pplevi de t o

| ural ity of | hown).. i i
Vari anPe SOt PAEE TR SPERra VR it s S SELNRERRIGINE RS
mani pulvatfe tectab|of depbniest 2aBblavdluanoven pitic. 258 prdidie] depandartie arar i abl e

model 215. In sone enbodi nents, the manipul ated_vari abl e val ues 250
r epr esasrags ¥alyeiontrajeatoneplus some allowaicp yrlae &12vAKDabl es for the

et g9 PSR R R St AP B
[ 0052] vdriabrad#ea eushadhibstvaluetdfa sartisidir dependent RAdatie Fifnetionally dupandshorf or
the value of one or more manipulated variables (e.g., Xp = fiXmv)). The functional
relationship can be known or empirically inferred, determined, or modeled. In embodiments
in which dependent variable data are functionally related to the manipulated variable data, the
controller 200 can implement an iterative solution to variations from the expected dependent
variable values, whereby a closed-loop process is used to adjust values of the operating
parameters associated with the manipulated variables to more closely approximate the desired
values of the dependent variables.
[0055] The controller 200 facilitates modification of the present values (235) or future
values (250) of manipulated variable data based on the past values (220) or present values
(225) of dependent variables or past values (230) or present values (235) of the manipulated
variables.
[0056] The frequency of modifications to the manipulated variables can depend on,
for example, the type of control or the type of processing (e.g., batch-type or continuous-

type). For example, for observation-level control of batch processes (e.g., control of each
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mani pul at ed vari abl e values that satisfy some controller objective. The
sol ver nodul e 210 is constrained in this search by the information 240 the
mul ti var iwoeomosdedl79205 provides and the nultivariate |i mcraSexpnesised i n
t he operational objective values 245. In sone enbodi nents, a user specifies

additignal constraints qn.the s u5| Ihe u

70t er rABE AR RE AR e oRaRISHRR0 Gab e oy b e NpdurttE &
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mul tivariate nod . The dependent vari abl e nodel 215 can provi de
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sone al |l onance val ue ( DXD) .. [0054] In sone_enbodi nents, dependent

valr i abhe oa@z%n&p@raaw?%c?h% fever adistmantseancbe eqordippied dased AL RIACHHING he
|
va ge {3 Ogr@de?@r%h&f'hﬂ{ef g@giggqﬁ@&n {fdcﬁi? ng gﬁrug% &?Q@A ggééug)sp%ilﬁﬁu cdrfdfn val ue

nor e mani vari a unctlonal
reI at i seoseRiop nmﬂtlvdimtd(stamucsr(e 8N pfed, csad>r|e;g Tnied/oeDMaiB)ensriveB ds desiratbedel ed.
In enbo i me ts&l vvﬂlch ent g@rlable data are functlonally related to
t he naYﬂ‘ﬂﬁﬁlo Y rothens JF%P"Y"W@ dntrol l er 200 can inplement an

i teratjggsy;sol ut g BOsYallbat d19él§m f 110884t aﬁé@@péﬁ%a&eﬂm&eﬁ&oﬂf@mﬁm(ﬁ
val ues, mhereby a closed-loop process is used to adjust values of the

oper at ﬂhnfglnpalpamsea swdtdenieicamedelviGsh The contrillenBa0 dacludasi aabondto] tieoduly e

c 0oC YRR ol UGS AL Bk P REP UL AR o 05,

futures Malm&oﬁ%péub%oamasw iR1RKs ¥ 36lvabiedelaBao laﬁ@ edca® nidie] p2St Tal ues
(220) or present values (225) of dependent variables or past values (230)

or pr eeairplleal 008 acisplifiek varsien phtiesoraela 208f dikPed. It sosspmbpdinerEquency
of Moot | Stb RS0 able g@@@g&mt ¢ ki aghe Inff BSAEhrilliar Q&8P €
e €.g., batch-type or

type O gontt o processi ng
contlnpmuﬂuype) For exanple for observation-level control of batch

ot r oS 200 Bt PR TBoeb R0 Ay PRBTUGIE. A% HORE 119 Fe o
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val ue shsddb/abX shewn). , Based on the received data, the multivariate model 305 calculates and
provides information 340 to the solver module 320. The information 340 can include, for
example, a t-score and predicted yield values. The predicted yield values can be based on,
for example, a partial least squares calculation. The information 340 can include a predicted
score value 350 from the score model 325. The solver module 320 also receives a setpoint or
target value for yield data 355.
[0059] Based on the received data (340, 355), the solver module 320 calculates
manipulated variable values 360. The calculated manipulated variable values 360 are
provided to the score model 325 and a plurality of process tools (not shown). In calculating
the manipulated variable values, the solver module 320 performs a search of manipulated
variable values that satisfy a controller objective. The controller objective can include, for
example, constraints and/or penalties. In some embodiments, the controller objective is a
quadratic controller objective. Other objective functions 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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mai nt ai ni ng desi gn space control). For batch-level control of batch
processes (e.g., control of the output of a batch process), the controller
200 can fwoi2piovmseorel ati vely fewer adjustnents to the epEnReNg21486
paranmeters. The fewer adjustnents can be coordi nated based on or according

to predetermn dt'rresdri t he nuf ac rocesto mai_nt ai.n _or
opt | i BEC{RES PEFtedssPEsvaltes hised O Seangle aﬁt%fg.eggme@ §ooresasswing fopy es,

T2, angf;@ted B HlatedvaliEblk Vﬁﬁteﬂepdnr B leVﬁieLL%&e%od/él ehitlirRludetal@hcdtuad i ty
resul t var| ables. [0057] FIG 3 is a block diagramillustrating anot her

embodi foerthe oeflatwn@hmt betbwem clzoges mascqreﬁcbaqu rogt elsmgesnm manmuiaé@devmmim 305.

Th | | I d |l e 310 I 310
ol uoLOe S ARy s BT e 1ot Sasti Beteed stire Sk B pEecidfes Vel
contr OIah%ab reglui 3(6315 RS Ith@%n@olﬁael MRS ofOt, & 330 @ﬁ‘l@roﬁeﬁ@% rovided 325.
The control i's a sinplified version of the controller 200 of FIG 2.
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del I h | del
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(not SLM é1) and mEepenientiowadhagtd(® Wabtueme 3B methoanfod implhhiify opdrathgnsor s
(not shown). Based on the received data, the nmultivari ate nodel 305

cal cul mr@getaﬁscfoba mqnﬁéafruumd:rrﬁ@ﬁw ofhgmrthes dapictedin e flayeehast 40hcanthre
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score value 350 fromthe score del 5., The sql ver | e. 320 Iso

r ecei VBN a@RnG, PHICCH} e%’re ‘g"tpe(}‘%o af%gleﬂav?r &a’agie a%%%ateao‘ﬁ’%] §§§QF on the
recei @G c&dlsfo ddfinudRRdyp etpta@ce%&kvq&l ﬂ‘é}&'ub@ éa&pﬁﬁaIéauIﬁIa% Hﬁa'(kgllgﬂar .

vari abl e val ues 360. Thé cal cul at ed manlgu ated vari abl e val ues
provi dedeivel, tige eﬁhclrfeom@délllraB@Eof@mess tpb rfecing ayrqdictlpn@ms orboths ( not

shown) calc at| the ar| Ie val dul e
320 pewpﬁﬁms as QP’C cﬁecef% %ﬁ? V?fé ‘?3%? 165 A7, 8¢ 6%13?@5%?3 1511/2;7 i

cont r opegicte@ Biaiable WRluet N, EP Rhi B |defer@itic qbtely & 16N I BEhe tboliipienty alip! e,
constraints and/or penalties. In sonme enbodi nents, the controller_ aobjective

i s a quabivatiate stadistiesonteesalaited: by \iemultyvaeate gppastt | Exsmmlescel sied siatistiche
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produces pre SCOo NS
principal components scores, partlal 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 controllable 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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for exanple, past and present nani pul ated vari abl e val ues. The score nodel
325 al soproduces predicted score val ues based on, for exanple, future
est i mat edwecoroass47esul ti ng from adj ust ed mani pul at ed varcahiseowabuues. For
exanpl e, the score nodel can include and account for the relationship
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DMvbdX C\{z;(ll ues,, residual standard deviation val ues, principal conponents
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these pyas) sti csrhd br&déted iFbeds MRINLeS | arldh ehes hitfliiwriates stukisticonst udddned by,
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vari abl es. [0063&”@?& step 420, a set of qpera E rs are
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variable data from step 520 is provided 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 controller 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 Xpy.
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or controllable variables (e.g., to recalibrate or encourage the dependent
vari ables to converge on desirable values). After the operating paraneters
(e.g., nawopolcassdovari abl es) are determ ned (step 420) pCrThis2@peeEBé Ng
paranmeters are inplenented (step 424) by, for exanple, comruni cating the new

set poi r target values . to th urality.of process tools. The process
t ool s @hﬁﬁbe aut %CQIVFMPOHQWEE? Pl}tuﬁ’&%ﬂﬁ?t ed based on the deternined

| ues. 4] F i By ayf| t 500 j| t thod f
tot or nf O opdeat) 1 phaet ShaotGpe nafer Gedut PG br acess. and  f or

deter %Férgg a predicted val ue of dependent variable data. The fl ow chart
500 i ncl'udes steps 404 and 408 of the nethod depicted in the flow chart 400

of FI Glsph. Specid segdintyor targetsiabie 0¥ ddepenadsiit.gy aidddl quatiaha XD is recei ved
froma_plurality of sensors. Al step 408, manipul ated variable data XW is
recei vl & g., apiefisiedradinfar ¥idataayalyey. &t someerabadimeniss Y pe 1§ desermined

predi ¢ty S 504 I I he ~de nt wari abl e
dat a al%}’GQ:})g{ngail \tgée)dgpf%t%es Itrl? ?eolré} aOtgéerﬁﬁ%gltﬁﬁﬂ ?/dellérilibggefdeg{ljr)éeM § g?DI’ %ﬁa%%el * Based
on t herepesanty/thd lohepanushor pesinalvhimetaf Asp, GeeiXngd amdXpahdXeg represanltd e

data, and the predicted yarjable data (st 508) and lti.varigte

atat | siihs VoL T8 Sl i By o BB Bt ramBlRe dbed o 6 (i oRuEs <Rkl ues
and t hendrulkf is\viahoddllife Huttionl | Cs are used to determ ne operating paraneters
of the manufacturing process (step 516). In sone enbodi nents, determ ning

t he op@n &ivnEpvoas Gretmt & argpesialty sveightssr mi ni ng val ues for the mani pul at ed

i d/ i di ng. t he det 1 ned val. to. it f
{0l 5 106" i ol enehiingorieTilsg 5 ARG PLTACBdt 5 e DS BP0 GO a1 ¢y
of progRisad ety YPILQbRct td (e ﬁehﬁg} et vav. 2Bl sxvalides EaRds Wﬁv gne or

nore nmultivariaté statistics are used to determ ne a predicted val ue of the
depend®mt); vari abl e data (step 520). The flow chart 500 represents an

it ti i n whi t i ned, di ct ed I f the d dent
var | atbmeatt o f rBGouy @l PRI FRGBace Supes e i PR hesnbod: ment o,
the controller I I d . t hart 500.
[0066]0E|EI G 6 i éﬂgaﬁxﬁg& Oc?ﬁ%erzliw%%l%iﬁﬁé@?ﬁ%?sﬁgﬁgﬁn%)ttﬁga%aw %é’t erm ni ng and
i mpl enent i ng opeahapbioalof By RERE.A! thaf &t sebje@ne fiRGledslng; process. In step

604, a controller is configured. An exanple of a controller configuration
i s t heAs ¢iseussdd dvect’| sgpresemie  distance af a implibyariate sysiem from itHCeRisr poinkin st ep

e L R e e o

f unct i @mpofsnt analysis or partial least squares model and can be represented as T* = fr,(X,
XMy, Xp). DModX represents a deviation of the multivariate system from the model
hyperplane. The DModX values are based on a function (fpamoax) derived from a principal
component analysis or partial least squares model and can be represented as DModX =
fomodx(Xk, 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; = fii(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 Xg and Xy,
e.g., Xp = fxp(Xk, Xmv). In some embodiments, fxp is a finite impulse response (FIR)
model. The function fxp 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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alternative or conplenmentary function to optimze is selected (step 612).
[0067] If a quadratic-type control function is selected at step 608, the
process pvocemdss470 step 616, which illustrates a quadr aCrastyipm2usat r ol
function to optim ze. The objective function, J, that associates the
received data, the constraints, and penalty values. In sonme enbodi nents,
optim %’iMm ?Km(fu}édm@ti c-type objective function involves mnimzing J over
t he val ue of the nani pu] ated varl abl e data éﬂN 0068] The objectjve function
J to b@0APti i zetpms implemggtajjeps do yaohregyite the @ewtwwmbﬁ?oelﬁcwss DVbdX
) +y ébofve * For @xémgle"‘/ﬁeﬂh@ usé(lséjobje@tl\%el%RQ'Iﬂélnﬁfn 5% fd@esfs Q}UﬂhYn%’é a

val ues (e.g., yield or quality);” Ypred :aprelc v e for Y data

val uesspad:moﬁthttﬁnehmivamhtammcw (é(glr éat d@lgﬂfﬂpwmcmmd’l)byh@mpdlodlcah igmas thesquar es

del 9t h d ts th
kmown GaPhs SR Gafetesr. Wep-2 s Laiis ey ik el R jp e o "
repr esgit sthglggngﬁfzgy%ly%sgftoghe mani pul ated variables for control. For

exanpl e, Ypred = fg(Xk, X MW, XD) where f is a nodeling function; g, 6MW,
qouo , [08XY, and The aalae:p@maﬂungtlomal g¢11rssen@wh ofaBfrunEbisar, red dim mgnabf: anmount

of deviation in t ni pul.at e s fro redtr ect or hat is
subj ecteirBIRseAcH éﬂgc”& Q\é(lard%?' E’E&f“’ %{a ofﬂgeEERS’t ﬂﬂW{ ttEDIVbdx
= the s’h‘ﬁ@x‘éﬂtdls@incéi‘ﬁom%& RAElgedHRL. S§ecﬁwomﬁém@1ﬁaﬁda@ aﬁa@ai@basyecﬁbémlx ET2
= the anpunt of the Hot el T2 score that is subject to the penalty gc\

Et = tmltpmlltbecapp@mnﬂqéh@s@@félsﬂl that other implgmentatippseare alsg Posfeblpenal ty ; As
di scus%ed a }/e eseg@wa di stance of a mul thvarl ate systemfromits

cent er “pof Freh Safte Vit e TepBeS i Shaffess nfs FVIBHONS Funct i on
(fc2) r|v d fro nci.pa onent analysis or partial |east squares
nodel HaIB%S?Méﬂwetge B%r?‘i’ggrprf)c?sil(’%l{e B w XD) - DWMbdX represents a
devi atl on vari S from t he, nodel PIVbdX
val uesZar eig\ég% bﬂ ’lfﬁb)?f) “%‘Fﬁﬁ?ﬂ%‘)?‘ o 3?3%@6%’?‘8%‘13/@% e:%r?glr}g<'E1}fresql(z')}n)onent
anal ysi s or” parti aI Ieast squar es nodel and can be represented as DWvbdX =

f D|VbdXz(t>/d<fu%ﬁv6/p01KtsEZ) timekind T, wpkdsersis auleehaSE it arfutard pointsiiotimef and ) deri ved

froma princi onent anal ysis . or, partial |east squares nodel and can
be repE@@gpt:eﬁ? MadX 1+ OModXy | 05} ; where DModXj, max represents maximum

values of DModX threshold at 4 future points in time and DModXy represents values of
DModX at 4 future points in time.

[0072] At step 620, data are received. The data can include, for example, predicted
dependent variable data, measured/received dependent variable data (e.g., from a plurality of
process tools), measured or predicted manipulated variable data, predicted variable values,
one or more multivariate statistics or any combination of these data types. The data can be
used as an input for, for example, a solver module that determines manipulated variable
values that satisfies a controller objective.

[0073] Additionally, the method involves retrieving one or more constraints (step
624) (e.g., from a memory or via a user interface). The constraints can be user-specified, or
the constraints can be default or threshold values. In some embodiments, when a particular
type of data are not received, the constraints associated with that type of data are not used.
For example, if predicted dependent variable data are not received or used, constraints
associated with predicted dependent variable data are disabled, unavailable, or not used, e.g.,

by the solver.
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X D) , where t, represents the value of the ith score. The values of X D
represent future values of dependent variables and are based on an

appropri ave 20uwvmssi7on (fc ) relating X K and X MV, e.g., PRTDS20M0021(48&, XW) -
I n sone enbodi rrents fc is a finite inpulse response (FIR) nodel. The

f t t del. (ARMA) .
o her BRI of ° s Rvthesnt oS BE BRNBRIT e TG FotEelRY SLietieo) i n
some eﬂﬁhawnnemainplw Sf &ma%t bcytﬁrofll!éf‘ ssjleemvelﬁms,u&ubar@rqhaa@u@te;p%wuhcu(ms

constraints. An exanple of a default constraint on mani pul ated vari abl e
dat a dinsas fipekiorh et oonl[wer?ﬁ]ncmnﬂlar ppnaélmommtm thig strey fmq ther ebjedtiveof t he
penalt sed abaove., Far a I . _the use 0 tigwe is to
ot nt ahor oL o SRR BosBBE e ROp Wcfive con Mo i PABE WS

(e.g. ,apﬁ)ﬁéab(ItESbJ@éh%pﬁﬁletl&DB&ﬂ alsp ,vaf;heFm%kmbwamelcgn@mects]ban@pmrrbdmht i ons
of the Y variables , because no Y variables wi|l be cal cul at ed) In

fsuch PIEEESENE,1 498 1{3@14% pptuagmfaﬁl pljeciiie dusing a hatglviraieqtary (pa threughput th
t
uncti t{%&ﬂ&‘?;%&lﬁ{lilﬁg t}gcf;efti%gt_cﬁgyf?ﬂﬁon ﬁ%?,e%ﬁ,] gﬁ&lu? CordSth& it g@éjof

accor rret or exa termcan be a sum of
squar emhcchssthhpmsssﬂng)ma atcamgmatimn ¢ﬂ1ﬂ1esz=.hobjdcti\@pech1f somd embediprentst itlens ar e
di scussed bel ow, but

w |l be appare to f skill that
ol R SRBuA andlo” Bl B8 e meluss e pe. DehRtes OB PO,
vect orcahg,gfye&%gﬁdlﬂgoﬁm@t%ﬂxgm@g&@élons in observed val ues of XW from
the particular processing recipe; ET = -rVmaxjlo)} 2 ; where represents

maxi nUi0TEl ues oAfid2the Hineetton! i aptinfizediatiste 628, the optimizatien pATRNTESers are
represents.val ues _of T2 at ur 0i nt.s
(R e ey S R ROABUR KPP R

val uesinof sBVBfI Xahuls @shaightdbnth forthd enadiuldisd Ivanabla&laaenohnal\/ﬂrﬁxmlmpmsent s
val ues of DWMbdX at h future points in time. [0072] At step 620, data are

recei v%i]}lsmlfﬁ"és aea eoremmnicAler e PluElite o BEICESS E’Pksdl E}E"’earﬂéﬁe‘i‘m@n@re VBES abl e
dat a, ?%?étﬁt%ﬁlea'n}fﬁ \ﬂﬁﬁ?é?id&g:to ﬁﬁ%é(ﬁpelsgdg }gdx‘?)vﬂled e(PlfétHa%lé ty of

process measur predi mani pu var i a at a, predicted
var i abdaga. vaI ues, one or nmore multivariate stat | stics or any conbination of
these [((j)ata t ypeSTheThc%nge%t[sa é: scrlbea herein are applicable to both continuous-type
manufacturing processes and also to batch-type manufacturing processes. Generally, for
continuous-type manufacturing processes, the correlation of process measurements to target
or setpoint values does not drastically change over time during normal operating conditions.
Thus, for continuous processes, implementing control with a multivariate model incorporates
penalties on certain multivariate statistics such as t values, T? values, and DModX values.
The values for these multivariate statistics are determined based on values of Xy, Xmvy, and
Xp. As discussed above, X represents known past and present values of system parameters
(e.g., past and present values of Xyy and Xp). The values of Xy represent future values of
the manipulated variables, and Xp represents future values of dependent variables. Thus, the
control method and system can account for the impact of future changes in operating
parameters on manipulated variable values and dependent variable values before changes or
adjustments are implemented.
[0077] In continuous-type manufacturing processes, future values for dependent
variables (e.g., Xp values) can be estimated or predicted using multivariate process control

techniques such as finite impulse response (FIR) or auto-regressive moving average (ARMA)

models as discussed above. In some embodiments, system and method incorporate a
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used as an input for, for exanple, a solver nodul e that determ nes

mani pul ated vari abl e values that satisfies a controller objective. [0073]
Addi t i onawvbypioidses7aret hod i nvol ves retrieving one or nor@Ctarsgtwacnss (step
624) (e.g., froma nenory or via a user interface). The constraints can be

user-specifi . or e constraints can be default aqr, threshold val ues. In
come. SEgoroiriSh SRl Jo BHEioar Fhfitie of o B EREo A hredeti
const riggrizbs cas SRRt @&dndtdsibftddaditionP ef te pheficul A Bari@hctus@dsystpt atrmarpl e, 1 f
predi cted dependent variable data are not received or used, constraints

associ therenspaint ip tiees istteeifuerpendent variabl e data are disabl ed,
unaval lls()ﬁz#]e’ or Iﬂoﬁatéhs—ﬁrﬂe rﬁarﬁxfacttgﬁmgtcékﬁgefsg% Vglﬁe' g‘%g&ﬁle h&Ror27%ah %Ys%@éees a

proces opti mzing the selecte obj éct’i ve Tunction. anpl es
of suiisadlIa somelefbolBicnddfor dhickayfemnaiufautdrir grocesseh; teltgpdsypendlitivigiateons,
| i near function or _nonlinear function that penalizes operations that _ stray

f r om tReddpieb diovedairare @ganiprdsiordipropste. idodessdigiion: ofefuipnplges of
obj ectyy 3111?%5' o Xontf&eickoﬁémﬂir{u%ﬁéigfpe Ox%é]ﬁfé’oﬂ&kdg@ aP&e%%?iéﬁ&tthé! Snfiriaton can

al so var or exanp t he contr jective,” for processi ng, can
i ncl udmodgdtused i cogptmh bato-eyyici maenufactining probesseshintludf endasurgments of Iprangsghout

the batch traject. im zing the final batch diti . g.....yj el d,
cual | chpranas e, dapingd thronBho 6 dRailikin pedds iy Felop SSRoHBh bk of
these QRiiR®hHS g@.g.-, rdW 546Ral NRHAJAAE AbSut AMAE cORitibiUlcd., GRSt hid/bF §ieRNd/ Or

penalties used or values ascribed to the penalties or constraints can vary
dependlhig differhefrprr tdoatinegusdipe cnpyufactpingy spropgsses  hagauseuntor examale,

ti t ot Jgaie t :
"hpl oretal a8 Radpifi Bodhte TR RS, iBiRrde SN
in a s&ditfonyBéddase e pestessSk fiElviags-ber the mani pul ated variabl e data, and

the values or adjustnents are conmunjcated to a plurality of process_ tools.
The pri988s t ool Eorabatchiims mapkeasesy the MIGhpactiens | (§-Bup dRPEHCBRUEHNPE 1 ned

based @{égﬁtﬁg e m%a¥&%%§fghﬁ gldﬁlsﬁ{l?% & redi0 08led TOF r&i0 BERR ats

descri relrn are’ app fe'to both contihuous-type nmanufacturing
pr ocesas, iitthl @bsditibns)batntid-pryqess adjustheat ir resgonse do es saktioGenmethahge/in f or
cont i nuous-type panuf act ugi

n% pr ocesseﬁléS t he co(hr el ati on, of process
measur SfENE aditongetn gpdaleOhSPIRCIG ARNEE A PEROHEEFAL: it e Progsante over
time diynhieadas Bl maRer AllEEnaARNdb bABE-typEhdcestRb, BRNMuRHAHSPARASSES,
I npl ementing control with a nul'tivari ate nodel incCorporates
(e.g., Yprea, DModX, T?, and score t) are estimated based on estimated input values for Xyy
(e.g., future values of manipulated variables) and Xp (future values of dependent variables)
while the values of X (past and present values of manipulated and dependent variables) are
known. For batch-type processes, the multivariate model may include a plurality of localized
batch models representing a portion of the batch-type process before and/or after control
actions are implemented (e.g., by updating operating parameters of the system or process).
[0080] FIG. 7 is an exemplary user interface 700 for specifying constraints to be
applied to optimize a controller objective. The user interface 700 includes an area 704
identifying constraints on an objective function (not shown) to be optimized. In some
embodiments, the objective function is the objective function J discussed above with respect
to FIG. 6. The area 704 illustrates a T constraint 708, a DModX constraint 712, and an Xyuy
constraint 716. Other constraints (not shown) can also be used depending on user preference.

The user interface 700 includes a second area 720 identifying a plurality of fields 724 for
displaying values associated with the constraints 708, 712, 716, or with a plurality of
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penalties on certain nultivariate statistics such as t values, T val ues,
and DWbdX val ues. The values for these nultivariate statistics are

det er m nedolramadsan val ues of XK, XMW/, and XD. AS di scusseasatiownel48ixK
represents known past and present val ues of system paraneters (e.g., past

and present val.ues.of. X nd XD), .. The valu of represent fyture
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val ues for ‘dependent variabl'es (€. qg., val ues) can be esti mated or
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met hod. predi ction horizon can Inc conditions of the
par t i cmbaurederuhbotated vajussyaftioMiodK agoinst 4 hsen-spemfigbibmeshpld ¢ ergichivalire
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or gani zede_t ored/ processed, and the prediction of future values of XD

di f f erepnpiraing, comt ithe sélyer mwoduienduuing wydriermipatioac ol Kivyg valpes e QBiipIZe 2 t he
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manuf agbnithdigrify Pesss. dhevetdnsaaintodl pvathe Wetariided Xy ¢ oslded toormvérge @n, raw

materials) and data about final conditi orés .(e.qg., quality and/or yield).

Thi s dfOFP%ar{%PlfarBrﬁrc%‘lf’iﬂglﬁ’é%ﬂ’iry%a‘%‘fﬁﬂﬂll?lﬁ U8R PRICPr ocesses because, for

exann! Qosfiont | NUANSsIYRE off8HH ARG QLI RRR7 MR ACASD /i eKaltics .

incorporate initial or tfinal conditions because the process is "always-on.

[ 0079] udediin Hetabiectiyp éunution élss ésoptivhieed oSpactficallgt the secofid .agea, 720nptledesd at i on

of operating_paraneters) can include, for ex | e,, adj usti.ng. a reci.pe based

on rawmieky 7&35"1’(1%.‘1&?1,&3’? i R§PAILY amﬁ%htta}smt?da it Y- Wiﬁ@@fésmgthf SbiFElE in

respo Q. a riLatio r i i {:£ 11ans i e of
Pﬁ@ct\s/o% THhe s%@érfd Sked 726 Hﬂ@ﬁ&es S&ﬁ,}Bﬁf‘it 7480 ‘Ef?aﬂddl&ﬂl%& a g%gk}lﬁrggﬁ fit

set po ues at peri odic interva € process, ns of
t hese. asheldited onigd kbe EfQrrelsibadhip ipahprodbpedsd Manctivhe/. miftel se@bhditageas?20 i stics

includes a Gpmoax field 740c that displays a penalty weight associated with the Epmodx
relationship of the objective function J. The second area 720 includes a 6r; field 740d that
displays a penalty weight associated with the Er; relationship in the objective function J. The
second area 720 includes a & 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
Xmv (e.g., AXmy). In some embodiments, the user can specify a penalty based on the size of
AXwmy. The user can specify minimum or maximum values of Yyq 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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(e.g., Ypred, DwodX, T2, and score t) are estinmated based on esti mated

i nput values for XW (e.g., future values of manipul ated variables) and XD
(future wabuen/msf47dependent vari abl es) whil e the val uesproff/usBo1ppasss and
present val ues of nani puI ated and dependent vari abl es) are known. For
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700) . 8 1] For exanple, the second area 720 includes an ax field 728
di spl a@cmsgmuh@plvaitwr@ﬂn@wommee@mmmcmm nepwerknst rai nt 708. The T2

oor - oS oq THEBLRCRARAE T pREufRych, 8¢ &r (RONGRBaplR e Biileg
The sesepdingl £eonFAe ;}slxegtade D\gﬂgfoﬁlﬁl\ﬁd&ﬁn& QI the/t3ehridil gyl By btgatirpeory mipuie of

aDMVbdx associated with the X constraint 712. The DMbdX constr al nt 712
rel at edptagrard aweaatmg Qupwy| Metbad wigps san also edonyed hxs and ypsratag e b9 ed

t hres v %g rit) £ rea

al so |hi§1}{ ené&g%g @g&al :Bseel( gjg%glart an %E’W%&%y ro%‘g%ﬁg%l? Hﬁl‘t@
associ a&t@@i ona Izk&lﬁe(a;)@ﬁéaﬁmnspac&icrﬁme‘gizﬁed dilneni XMV @mibesst qaairafer ¥l fortionsof ai ns,
e.g., tﬁlhe sol ver nodul e, ring a deterninatjon of X val yes to %gtlmze
a cont1§| FERPYE] IPBA b??ndz ToVPR e PIOCTISPHSRCEAY HHEEXT Fﬁm‘i af | RPN afges of
XW T og ntihgalnuf acturing process. These constraints allow the determned X
W val ues to converge on, for exanple, T2 or DvbdX or within an acceptabl e
desi gn[08pGice. [ ODBIssAeudBdofiat the esccrion af s somputen gesgrimahdude 2yawapsoe
assom ed Wllth gt nal ties ucéed@f'i}% t he obbﬁcti ve functi 8n that is O%tl m zed.
Speci f?camp ©t RADs BElHY FICAPSFH) PHEP T BUCIQProcessors, an one ot

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, e.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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gy field 740a that displays a penalty weight associated with Y variables in
the objective function. The second area 720 includes a qu field 740b that
di spl ays woperiss4rowei ght associ ated with the EW rel at ipomalseqoiozi4sée
objective function J . The second area 720 includes a Mddx field 740c that

di spl penal spci d with the oMpdx r el t| onship of, the
obj ecfﬁ@%ﬂf unct i tsrmsgr @@ep ciiong siysgd Hersd. arle@ea ytiags gotietied hat
di spl ays JasdRRak tor WeHGhte BSHPGH:RL Gehivh t rfBHﬁ‘s Beraiheladits. on@ hh8dile Iﬁrye

obj ective function J. The second area 720 includes a field 74Ce that
di spl aa,de/amag%malb'tlge mfgmtedamswldatmaddrcshahlh@t(Eager mleémlrroasducpnﬁgur@dm

obj ective funct he E tion 0 he

o oner 1 iRk OB e aF clorh BFabetstty b bl L R, fr PRE e kpolEsbafd 3 200,

For exg@éﬁ@ﬁaﬁ;a(%osbsweg@ﬁed BRcEY BUE™, FREASREASTY. Mk AiModhle TR} Mdmd¥abries of

changes in DXW) - sone embodi ment's, the user can speci fy a

penal t\yasbaﬁewamplr héOIQPQI@ntSE oRIVaS W@@e?omﬁﬂn%ﬁeé}bﬂﬂ'ﬁflﬁmﬁﬁ% nfodivarfaxi num
val ues d / I d in the
Y vari g poXQxEt? c?agg\fo mgso?lgﬁf& é%d? t?sZ{Br%e {? a‘?sle oP IQ)QC%S ﬁgﬁ%ﬁ?@% %rfb%es

const rmcﬁd&msaﬂmmﬁed s&gmhnﬁshﬂpmgrammde adrbvess, ﬁrmsware; snibiModde, airdbiay, T2

1] | t toth f skill |
W Lh (9 SREEaRh. RSB A Y S ead VATl TGO PIRVIRE 5 va of
the T2 vigl $em E@%éh?adaﬁ"d FRGLIY Thdy bd te&ﬁarrea @Iato [r@@&é%oﬂmeaa% ﬂeaga aed

t echni ques ca l emented I'n digital electronic circuitry, in
conput frthérasepavated, mtbraddnlmnd cogpohewds and mpdiles. cbddltlnmllyoﬁs Oofnpph@ms arthe

i mpl ement gt i on ca rrput gram a_conput er

ot bor aPury iy SRvEteRey PanpRmsRlsdr by 4 hreni pfttorfly * HRI

machi n@miRedabempher ag:evefii@v dg@. c&ﬁfnuﬁi&ﬁﬁéﬁs‘ Qrﬁfrel%ﬁuct@fe tequip@iiint Oduch hgs
operation of, data processing apparatus, a pr r&r ammabl e processor, a
conput mphcaﬂonmmlablieél %’Vltcdiﬁ?)@tf dioytersa aF oﬁebae@muramg@w EAStrBRIuKgy P‘l‘t@ﬁeﬁtn any
formof pro k te ages,
and itsu(?gﬁs g‘éﬁif %I 3%”@féﬁg%r§/e % g%irhgsd&ﬁg Vccu('@)qe‘ngr%Il‘gul1 Cgls X%ar{ggggﬁﬁ e pr gggm or
as a niheid Rsess plementatiorns Hay Gétachieveddithet be fvritinigtapplitdtiahb ¢hat are nasiee tn a
conmputing environment. A conputer tBr ram can be depl oyed to be executed on
one cothgirhesenoplagfarmgpx by léteé@ﬁlﬁat aforgnie §n¢ T JRorg; SHtPIAL PRRNICAIID s 5

mul ti pér% %t es and interconnected by a communi cati on network. [0085] Method
steps can be perforned by one or nore progranmabl e processors executing a
conput 08YIr ogr anTd prqvédef for intéraniddn with aadset, e stk riskaiped bschopmeatamige on

Iazgu;p,d g and egg‘,rgg{[plutré 3%15 lélttdlspl}/by (E]e%?cesgzp% (Sl%rl] (gatﬁc?debr%y I;[)uebreg o E%% by,

(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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i npl enented as, special purpose logic circuitry, e.g., an FPGA (field
programmabl e gate array) or an ASIC (application-specific integrated
circuit).wbbduwiosss7ean refer to portions of the conputer porage@oioansdé or t he
processor/special circuitry that inplenments that functionality. [0086]

Processors suitable for the execution of a, conputer programinclude, by way
of exaWprey %%8% AT gedarms of shgjtal dlate cammEREYIRs -8 p FpF BRBERIGRLONS A5BVKy one
Or IO By AL ACESH P @ica ﬁét%r { aldb Qb Ald ﬁogmuﬁﬂuméé%eﬁg Aedndels dnBLAE ESSOT
receives instructions and data ffoma read-only nenory or a random access
menor ya docabeteh. neTherkeGEAN'T) ainded endmtuea ofetwork off ANT), @@, thepintregsand f or

t d d f t
ot r uePRgn B B e G AL L PRI POSRUBIOR IR HBYORSs ot
oper at fe@te/ vRAMP hefvoiies be SeH-Hewdatsasuch O PKirtlaP Nsdaf rcdaddwb& ('WLAPHh, one

or nobre nass storagle devices for storing data, e.g., magnetic,
magnet gnlggs cleatly dn R@tedmth@msec@pnmwtlomamtwqrbmm gdiooinchudg alhorraict i ons

can aI OCCH Qi gations net for mation carriers suitable
For enai ot BYER B R Ao R SR e ara PR el ude ol 1 forms. o
non- vojoase]l e rreﬁﬂlie}/commingdyn&nlwnH&&Yud@fclleﬂt@ﬁﬁdi Ser €M1 QOEIHAC bt sefBsTRFeY
devices, e.g., EEPROM and fl ash nenory devices; nagnetic disks,
e.g., gerwr@#lﬁapmﬁ@r%ora@kls other ardyipigslly 1’6‘P%3R’sthr%r?e€%n@b‘mcé%ﬂnsd13§ﬁ%r and
CDRO\/t ﬂ?@% T r t pggeg?ﬁ ,Ql?“ Jal nt ed
by, or %%é@gc%é e q:h%ﬁiaﬁlgcgléa %ﬁ?%i (Ir%g?)cfc??l cul %(/grfﬁgw %e tﬂgérmrrs

" modul e¥peatide Edmymutérs and hadsg ashehtiserver relativasiip thedchatlernot [imted to, a
soft har re co nent whi ey forns certaln t asks. dul e may
aavant BBRs 1y DUSiGH T B P B SRS RN SO D B anc
conf i gy kel @ritxEfitHBn GRIHRNE bmiRinRafEPFRATORS Lt S A BarfBNlaPiclii] ¥ O
partially inplemented with a general purpose integrated circuit ("I1C"),

FPGA, off trmsf@rlngrdm e{nfmrmnen ealy bentrhnputtedpvemp @ffmreu@mﬁm p@tbrfwrﬁe nts,
such a war e conponen obj orihented software class
corrpon%?f‘tSt haptf%?g‘ AT Bhe ‘Ws“éag %’S aéeségna? net a%’ngomg%ta gdf A

pr oced¢bn@auniSatidhGiatt SinclaggfRMtisle dmMUAGAEI cRdRels,dbt ¥eintple, fmmlﬁplaml

m crocode, circuitry, data, databases, data structures, tables, arrays, and

var i abshaanelspithe saree Poveryinggapacissdedatnflovn t he conponents and nodul es may

b d int t
add ¢ RO comparuft ufs TRAA o e TR Bt S baralelEbe BERBDRE S 01 os
may adinenfaag dentsiey. [Iexaniidéseor smcfhdn@ntsnmamcidlﬁuitense nadip| Witfons,nond, hkddi ng

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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conputers, conputer servers, data conmunications infrastructure equi pnent
such as application-enabled switches or routers, or tel econmunications

i nfrastruwwoeom/ssupoprent, such as public or private tel egplmarseoswetsghres or
private branch exchanges ("PBX"). In any of these cases, inplenentation may
be achi eved either by witing applications that are native to the chosen
platform or by interfacing the pl@kfAdMB to one or nore external

appl i cati on engines, . 1ER0R38) mEﬁm@rfB%/&Qxl‘?mhﬁ{ dnﬁ&ﬂ@&ﬁﬂi%ﬁ%éﬁ, tﬁe Urtod the
above ‘descri bed techni ques can be | np erented on a ¢ uter’ having a

di spl ay device, e.g., a CRT (cathode ray tube) or LCD (liquid crystal

di splNPPY8Ri t or, for displaying information to the user and a keyboard and
a pointing device, e.g., a nouse or a trackball, by which the user can
provi de i ApeRiVing depradens yatielle data measured duying theypanyiastusngprosese thece

el ement). Other kinds of devices can be used to provide for interaction

wi t h depersient esiablel data fepresentating! of valuesobafikst gat of priedsstparanheens sbsereakbype any
form of sensory feedback, e.g., visual feedback, auditory feedback, or

t act idre ok aedbemikorspand i nput fromthe user can be received in any form

i ncl udi ng acoustic, speech, or tactile input. [0089] The above descri bed

techni quese&iin® thah P RIRM RS dhtPmedstitdd d%ﬁf'ihg GhRARUhRENS ?@E@é@‘f?dﬂ%
i ncl udes a back-end conponent, e.g., as a data server, and/or a m ddl eware

conpQ . y i.caf J r 2 , €.0.,
e R L T
t hrou whi ch a user can interact with an exanple inplenentation, or any
combi HAX9EH RAFAREIEH- back- end, mi ddl eware, or front-end conponents. The
conponents of the system can be jnterconnectedby, any formor nedi um of

di gi tal daleterognngaflezst penel a predictedscersyvilysi %awi/taﬁgawest%%.or podrRsseks of
communi cati ons networks, also referred to as conmuni cati ons channel s,

i ncl usheatdeasiothakecarved dawf awsk k (" LAN') and a wide area network ("WAN'), e.g.,
the Internet, and include both wired and wirel ess networks. In sone

exanpl es, eimiihe apdrAise Peimeekof R mindhdiigng/hrotess basedlontt kasithe
sub- networ ks such as a virtual |ocal area network ("VLAN'). Unless clearly

i ndi C&Ecﬁ@t}g@%ﬂgéVg@%l_?_%th?miﬁétsitﬁﬁﬁc,%ﬁ)mr ks can also include all or a

porti‘on o or exanple, a portion owned by a specific carrier.

009 h ' . I ncl ud | } l4i d
cerver ar cGNRRa PORERbr AR O Rl Sk YRR Polee Bt hr Sl

a communi cat i ons networ k. . .
manr}pulated var$1abri'e data, are controlled during the manufacturing process.

3. The metho'd of claim 2, wherein the first set of process parameters, represented by
dependent variable data, are not directly controlled during the manufacturing process.

4. The method of claim 1, wherein the operating parameters comprise values 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.
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The rel ationship of client and server arises by virtue of conputer prograns
running on the respective conputers and having a client-server relationship
to each owben10/(s891] Vari ous enbodi nents are depicted ®eTiUS2€0/0P1486 Cat i on
or connected by one or nore comruni cation paths. A comunication path is
not limted to a particular nmediumof transferring data. Information can be
t randni t t ddeanathodkoicdrimuhiferksrsamprEsing a%qewgn%préétcquc@iqes &ortthe dependent
acoustical, physical, thermal signals, or any conbination thereof. A
commwariglde data. pat h can i nclude multiple comunication channels, for
exanpl e, multiplexed channels of the sanme or varying capacities for data

f 1 ow.7.[ 0092k hdthéd $f @aidsBrfuithdtompEising Pecdicig vialues 0N fHeGlependear aiaber s of
the depicted user interface features. Exanples of such inputs include
buttqps, radio buttons, icons, check boxes, conbo boxes, nenus, text boxes,
tooltips, toggle swtches, buttons, scroll bars, tool bars, status bars,

w nd , ot her, suit.abl e i con r W dget SQGI ] . d.nterfaces
For w15 el P E L b B S it st 3R T3R0S i BB ot he
nodul es or syste descr.i bed herein. [0093] Wile the invention has been
part iséﬂfff&’ing;?cé’%gﬁeré’gﬁcﬁ?é"scri bed with reference to specific enbodinents, it
shoul d be understood by those skilled in the art that various changes in
form%@nd déreansthochgf Jainn@,cehear¢ia satishying elsonfrolips paicci yRCHRIIHES ARIMIFING AN and
scope of the invention as defined by the appended clainms. CLAIMS 1. A

conp wperationgllobjeetive fincidhadodiating it as @if pravgssalateg yidl ddatariesigt gatgoessy t he

nmet hod conpri sing: receiving dependent vari abl e data nmeasured during the

manuf QGibiatoE (RFQTRT the hitufatReNadtesvar i abl e data representative of val ues
of a first set of process paraneters observed by one or nore sensors;

receiyj ng ’ﬂE%&H#)@&F ai%ﬁ‘s‘é,i @@r@m% GbiPBRR PR Hofl Widies bRE oFRBH @fbiwdih39

process froma pluralil of process”tools and predi cted mani pul at ed

i abl [ f. .
ot eri i AgpeateT SagR I HReuhe rpi iR E i eRThut il ARER0 R RUER S

statistic, or both based on. at | east the received data; and determ ning
oper dnpitiyatizie saastier or B1 combinationfhereafr i ng process based on at |east the

11.  The method of claim 10, wherein the one or more constraints are user-specified.

12.  The method of claim 10, wherein the one or more constraints are associated with
penalties for deviating from a multivariate model.

13.  The method of claim 8, wherein the controller objective is a quadratic-type function and
satisfying the controller objective further comprises minimizing a parameter of the objective
function.

14.  The method of claim 1, further comprising determining desirable values of the score or
the multivariate statistic.

15.  The method of claim 1, further comprising using a dependent variable model that predicts

values of predicted dependent variable data based on determined values of the manipulated
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predi cted score value, the nultivariate statistic, or both. 2. The nethod
of claim1, wherein the second set of process paraneters, represented by
mani pul atwo 2vawassdtbe data, are controlled during the nmargTastaviorgspr ocess.
3. The method of claim2, wherein the first set of process paraneters,
represented by dependent varjable data, are not directly controlled dur| ng
the rrabladetar ihagagos pesent val lueypEthedlepradensr vagipble date, OWr‘@inFP“t‘aﬁ’@noper ating
paramnmeters conprise values for nmani pul ated variables, further conprising
provitbéragf. t he mani pul ated variable values to the plurality of process
tools. 5. The nethod of claim1, further conprising nodifying the present
or futeur e ™lm&Bodbf dlien NEaithet cotrpeisingusiablagsolean@ait] diat pledicpafsiturovalpesesent
val ues of the mani pul ated variabl es and of the dependent variabl es.6. The

et hag god fist &k BF drocddd rptafa%et&Q TFpreSnRa Hy%ﬁelydeﬂgvmaw s @nY Alei8orld¥et t he
dependent vari abl e data. The nethod of claim1, further conprising

pred| n f A 8. The nethod of claiml,
wher €] ﬁ“%fg% méiﬁ‘laﬁlg 5 ger%% ?‘Egyg’g‘?g” at%edr‘zap]’raurg%{ conprises satisfying a
contr Ier ob The nmet hod. of m 8, wherein, sat.

contrid | er }ﬁﬂii@ﬁ?‘} ﬂ’/ﬁd%r pether CBH’tpPﬁ’inﬁlarfJ&?eé ey H’élplvgﬁl %5%{?({%3 tﬁ%nctl on
associ ating val ues of process data, yield data, result data or any
conbim@dlﬁtéﬂgwlhéif@dheQﬁOYQ,ﬁléeWﬁleﬁﬁ%tFﬁéﬂﬁtf BFBBss. 10. The nethod of claim
9, wherein the objective function includes one or nore constraints on the
depernident Temethdbdoficdbia 17, véhensin theuhultizariatemodbl recaiwugsameashesd prandiudated! scor e
value, the nultivariate statistic, or any conbination thereof. 11. The

net hogdek &id@hmah@ble\&a&r@lurprédiae@ﬁ@n@mmmmpsﬁdem wirmbkrdataiser - speci fi ed.
12. The rret hod of claim 10, wherein the one or nore constraints are

assocf(?at Edl“l"}@'rﬁ g@&i\i‘;\l}]lal'n?f Wireit € ﬂhltﬁgnﬁtég'ﬁh@tld’@ﬂrﬁﬁﬂ‘s% hab&t ARElgt, a 13. The
of clarm

nmet ho erein the control objective is a quadratlc type

i i HOPHEES TSdelived B fye iR a.ﬁve Pﬁﬁ%&%}f%ﬁﬁ YHRETE 6P ERER%E ) ai m

1, further conprising determ ning desirable values of the score or
thereof.

20.  The method of claim 1, wherein the multivariate statistic comprises a principal

components analysis t-score or partial least squares analysis t-score.

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

manufacturing process.
23. 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, the dependent variable data
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the multivariate statistic. 15. The nethod of claim11, further conprising
usi ng a dependent variable nodel that predicts val ues of predicted
dependentwoanicaiskegodat a based on determ ned val ues of t IReT/US2010/021486

mani pul at edvari abl e data, the past or present values of the dependent
vari abl e data, or any conbination thereof. 16. The nethod of claim1,

fur t epregeatasive of vajuessefrigfitst set of Rropesa erramsiars phssrnediby the,plurality, af 788018 t he
first set of process paraneters, represented by dependent vari abl e data,
and tand tisemanipulatet] vefialde deteseprpsentatize of expectep velsenokalsdsgndreatiopptogessd
variable data. 17. The nmethod of claim 1, further conprising a determning,
Wit h prdibtérs,vadi at e nodel, the predicted value for the score, the
multivariate statistic, or both. 18. The nmethod of claim 17, wherein the

mul tivari %ts%wzp%gure% ?éc\éfx%f TBASHE BRITBRLRYhGE Dt fiask &E%Bﬁ’e@i’i@ted’f}éidﬁm e

data and predicted nmani pu and dependent variable data. 19. The net hod
of claiml,.. rei.n mul . vari at e .St RA. SES : a score,

a Hot@ﬁ’ PH 10%@8\11&%?1 V&t lﬂﬁ}ﬁg av@leglé:,?ehgl%ezngf gtu\gaﬁlqgrtyeé% é?gguéi!é\\?a?%h on val ue,
or any cqnbi nation, t hereof. . The thod of claiml1, erein.the

nul t i SEISH& 108 a8y gqmgmptéorngﬁgp%gggedaonﬁn&%& am%&ﬂfféﬁﬁmgﬁ%ﬁﬁ I"?/réffbie %core or

partial |east squares analysis t-score. 21. The nethod of claim1l, wherein

t he rdeperidgot variahly dateoansiste eererateyatuen of Yig anavinwlated varkablg for prowsang toshe The
met hod of claim1, wherein the manufacturing process is a continuous-type
manufetalityi ofprepesc®sls. and 3o a pradidtionvardehthet promidesht least pradickedcsiatistinalous or
bat ch-type manufacturing process, the controller conprising: a control
nmodul g4 N comuni cation with a plurality of process tools and a plurality
of sensors to nonitor mani pul ated variable data fromthe process tools and

depenglent a’l\[’%rér%ﬂgéﬁfe,r%tcﬁairhrﬁ MyhBRiSEe %%tgjlllee} gtguﬁg’ Bh¢ & mBRBAAndiBiSlovteng a

mul ti'vari the dependent varl a tarepresentative of val ues of

a first set of proce arangters observed . ' f sensors and
t he n@H‘iaﬁﬁ’l oﬁoé%c%%ppéaqagec{j%qn@erggmrgtgé NP ?/tte)t}é%%%gﬁpgﬁeac{@oér %/aé}eg'es of a second
set of process paraneters; ang a,solver nodule tq recejve, fromthe

mul ti3%r i athe qepteller ofclgimsdy whawinthe griyaiatesiafiste WCM"&&{ lspst @re PR3

mani pul at ed vari abl e data, predicted dependent variable data, a

mul t i scare, Hotelling’s T value, a DModX value, a residual standard deviation value, or any

combination thereof.

26.  The controller of claim 25, wherein the prediction model includes a score model to
generate predicted values for the solver module of one or more multivariate statistics.

27.  The controller of claim 23, wherein the prediction model includes a dependent variable
model to generate predicted dependent variable values.

28.  The controller of claim 23, wherein the prediction model provides predicted values of
dependent variables from the manufacturing process.

29.  The controller of claim 23, wherein the prediction model provides the predicted statistical

data to the control module and the solver module.
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statistic, or any conbination thereof, based on at |east the nonitored
mani pul at ed vari abl e and dependent variable data and to generate val ues of
t he mani pwbavexhssawi abl es for providing to the pluralitycofuspsiooessss t ool s
and to a prediction nodel that provides at |east predicted statistical
data. 24 The controller of claim23, wherein the controller adjusts one or
nor e Yar arkhesestrolierofslaign 23 awherginghe prlveraseduloaineraiesseducs i thee gener at ed
val ues of the mani pul ated variables. 25. The controller of claim23,

wher anmipuigtedwbridblesrbiaatdorss atntsiliecobjectivedes at | east one of a score,
Hotelling's T2 value, a DwvbdX val ue, a residual standard deviation val ue,

or argj, conhenhirsilertofela@af30, Rherelhithe eoritidliet biectble optigiirasAuanfadiceype t he
predi ction nodel includes a score nodel to generate predicted val ues for

t he Stﬁﬁiﬁhag%gci%teg\%%%@a%{&fée@%ﬁ? Ldsvariate statistics. 27. The

controller o e prediction nodel includes a dependent

var | ra% |e er d ,?JOB{T&I%%; %{a%%*ﬁgf\rgﬁ%efr{_‘tgg cgrﬁg??lgg ?@%Ct}é\%éiéaghe% O\{I% L(‘)l# %§o're 28. The

cont pre A provides predicted

val ues of . dependent vari abl from the manufact.ur.i process. 29.. The

cont reopstEgintg pn ghegepppdent Mﬁéq%i‘? ﬁlﬁt?’gf%e ‘Bﬁ’é‘g}?}éﬁdd’ﬁr 1%@8 Bgtap'fbﬁ\ﬁ ?f’icge‘%ﬁ‘gldpr edi ct ed
statistical data to the control nodul e and the sol ver nodul e. 30. The

cont rdsitd, gre mltivhridterstatistiovaeansi eomifieatiop|thaseofnpdul e generates val ues of the
mani pul at ed vari abl es based on a controller objective. 31. The controller
of cl38. m 3lhe cohrokdrnfichemGantvhedelnsthe oy ecmbreecoogitdints assusar-speaidredt i c- t ype
function associated with the nmanufacturing process. 32. The controller of

cl ai m430, MheeoRirsldhvE cERRBNOWhekinahE 664 bv@otehsteRsts afeasesciated @ithonst r ai nt s
on the dependent variable data, the manipul ated variabl e data, the

pr e%%ﬁl%&%f"ﬂ’ﬁﬁ coﬁr‘r’%ﬁnﬁ%iﬁﬁg‘i%{i flfdgrstatistic, or any combination

t her aim 32, wherein the one or nore

. trol ler "ot n the one or mre
one.of mor regBRErpeateb e Best e ARl o RO lniadlE O ™

the nultivariate nodel. 35. The controller of claim23, wherein the sol ver
nodul ¥l¥e& a constrai ned optim zation solver. 36. The controller of claim

23, wherein the control nodul e conprises the sol ver nodul e.
36.  The controller of claim 23, wherein the control module comprises the solver module.

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

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 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;

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 least the acquired manipulated variable and dependent variable data
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37. A systemfor controlling a manufacturing process, the system
conprising: a data acquisition neans for acquiring, froma plurality of
process twolz2sto/0ss4mpul at ed vari abl e data represent ati veprofi/uszpeorrads val ues
of a set of process paraneters and acquiring, froma plurality of sensors,
dependent vari abl e data re?resentatiye of values of a second set of process
par arasd Previdipg eredisedyicldiealyss and platigticat infamatipn to the preseasseonEghedls means

for determ ning operational paraneters of the plurality of process tools of
t he rimeed @citleastipepeceoesdstataa nul tivariate control neans to determ ne, based
on a nmultivariate statistical nodel, values for the manipul ated vari abl e
dat a 380 PrihéisgisteinQ@fichemB70 GhsRirchs oberatisid paramiettes datbiniMet bythe psdaetd sti cal
nodel receiving at |east the acquired mani pul ated vari abl e and dependent
vari %hﬂoﬂﬁéa?@%? iR RVdr gy B8R Aldfchive! d val ues and stati sti cal
information to he process’ control heans based on at |east the received
data. 38. The systemof claim 37, wherein the operational paraneters
determ ned by the process control neans optim ze or satisfy a control

obj ecti ve.
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