A METHOD FOR FEEDFORWARD CORRECTI ONS FOR OFF- SPECI FI CATI ON @ W Tl @\IS

FI ELD OF THE I NVENTION This invention relates to a novel
optim zing a manufacturing production of a workpiece.

| NVENTI ON An indicia of current manufacturing practices is that,

process results in a partial product which is outside its ideal values for
a ‘paraneter list corresponding to a conpfeted workpiece,
is either sent back to be reworked, or is scrapped. This practice,
may result in unacceptable waste. SUVMARY OF THE | NVENTI ON Qur
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INTRODUCTION TO THE INVENTION

An indicia of current manufacturing practices is
that, if a process results in a partial product which
is outside its ideal values for a parameter list
corresponding to a completed workpiece, the partial
product is either sent back to be reworked, or is
scrapped. This practice, however, may result in
unacceptable waste.

SUMMARY OF THE INVENTION

Our work centers on a critique of the capabilities
and viability of the foregoing representative current
manufacturing practices, to an end of disclosing novel
methodology which can minimize the waste and inefficiency
of the type immanent in the current practices.

A centerpiece o0of our novel methodology comprises
corrective feedforward actions by subsequent (with

-respect to identification of in-process workpiece status)

manufacturing processes.

This Sheet Has Been

i

val ues for a

THIS SHEET HAS BEEN
REPLACED




i st

wor kpi ece to an initial

correspondi ng to

a conpl eted workpi ece; subjecting t

he

manuf acturing process to an end of producing the
conpl eted workpiece in satisfaction of the ideal values; nonitoring the

manuf acturing process for ascertaining the status of the in-process
wor kpi.ece wth respect
corrective action to the manufacturing ppocess conditioned by t

st at us

of the I n- process wor kpi ece.

met hod as defined is that the approach is general and is capable
correcting the ef figct vefvoatk - OlchepassvdmNybarédr 18I mp@eﬁﬂse cepgi tions,

I I T O I

i ncl udi
r ewor k

iIIustrated|Q¢mﬂme88§céhpaﬁyen§ efawi ng, in which: 3 Fig 1 prOV|des a
MOS Capacitor Fabrigatyi on figuehffind Nidddiustanaksofoef aapakEumepee of the

pr esent

|nvent|0n

(ii)
(iii)

and =
(iv)

list <corresponding to a completed
workpiece;

subjecting the workpiece to an initial
manufacturing process to an end of
producing the completed workpiece in
satisfaction of said ideal values;
monitoring the manufacturing process for
ascertaining the status of the in-process
workpiece with respect to said ideal
values;

providing feedforward corrective action
to said manufacturing process conditioned
by said status of the in-process
workpiece.

An important advantage of the novel method as
defined is that the approach is general and is capable of
correcting the effects of out-of-specs manufacturing
process conditions, including the salvaging of partial
product, thereby obviating a need for rework or scrap.

BRIEF DESCRIPTION OF THE DRAWING

The invention is illustrated in the accompanying

drawing, in which:
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The detail ed description of the
I nvention proceeds by first re-conceptualizing the summari zed i nvention by
way of the following three steps: Step 1 - Mddels; Step 2 - Correl ations;

Step 3 - Qperation; and, by presenting an Exanple of the invention. Step 1:

Model s, (i) Model each manufacturing process in ternms of its inputs and
outputs. (i) Devel op the processifi)g flow of all processes

| eading to the conpl ete product. (iil) Establish the rel ati onship
bet ween t he manufacturing processes and t he associated parti al

products as well asg.he1 ftmwlaaal ahamast echphd tsor ofFdbiadaitiah product.

charqct eri st i ot 39 ifugPaafion, 8F b il or oA KraiGhe

nanufacturlndiﬁﬁﬁﬁééglIeadlng to |t At the conclu3|on of this step, nodels
of all manufacturing processes -are available, as well as nodels for partial

and f1nal profels ey BekehiBrbn! S0P YatiiriGhal | ONshi ps. 4 Step 2.

Correl ati ons

The detailed description of the invention proceeds
by first re-conceptualizing the summarized invention by
way of the following three steps: Step 1 - Models; Step
2 - Correlations; Step 3 - Operation; and, by presenting
an Example of the invention.

Step 1: Models

(1) Model each manufacturing process in terms
of its inputs and outputs.

(ii) Develop the processing flow of all
processes leading to the complete
product.

(iii) Establish the relationship between the
manufacturing processes and the

associated partial products as well as
the functional characteristics of the
final product. 1In particular, establish
the model relating the functional
characteristics of the final product to
the outputs of every manufacturing
process leading to it.

At the conclusion of this step, models of all
manufacturing processes are available, as well as models
for partial and final products, in terms of input/output
relationships.



(1) Derive the inter-process correlations between all pairs of

manuf acturing processes; (i) Create a correlation matri x between al
pai rs of manufacturing processes, where 1 indicates existence of
correlation and O indicates | ack of correl ation (an enhancenent can

have {he degree of correlation as the matrix elenents). At the concl usion
of this Step 2, information is avail ablegas to interactions between all

pai rs of manufacturing processes, including the final product. These can be
used to correct out-of-specs conditions. Step 3: Operation (i) Start
the'hanufactsmégmp;Ncuhgaﬂay1ongor any nanufacturing process, if the result

Is within specs, g eed n lb%y Fg&her eﬁ1p£yggggy éQS}é&%{ eguent nfg.

process of out-of spec con etrlon the SubSequen nanufacturlng
process is correlated (frometwegn2) ald t Raixsevidls @@’é‘pfaq}'s}é”lﬂge nmodel s in
step 1 to nodify |ts set p@irdessasas to bring the itemback into specs (or

as mich as possi bl )y QNelclicgee B 96508 DOIIR! her i ldeyoan FgceCd 1

this fashion with roduct i O, correctin ™ of spec
conditions in one step at @ﬁérﬁl¢%ﬂﬂaHUfaCturing Processes, where

indicates existence of correlation and 0
indicates lack of  correlation {(an
enhancement can have the degree of
correlation as the matrix elements).

At the conclusion of this Step 2, information is
available as to interactions between all pairs of :
manufacturing processes, including the final product.

These can be used to correct out-of-specs conditions.

Step 3: Operation

(i) Start the manufacturing production.
For any manufacturing process, if the
result 1s within specs, proceed normally.
Otherwise, notify the subsequent mfg.
process of out-of spec condition.
(ii) If the subsequent manufacturing process
is correlated (from step 2) to the
previous step, use the models in step 1 -
to modify its set points so as to bring
the item back into specs (or as much as
possible}. Otherwise, proceed normally.
(iii) Proceed in this fashion with production,
correcting (if reguired) any out-of-spec
conditions in one step at the first



subsequent manuf act uri ng process capable of bringing the itemback into

specs. Note that the node

used to bring the item back into specs is the

final product nodel which at each step, assunmes that all subsequent
manuf act uri ng processes (not yet inplenmented) are at their nom nal

settings.

Thus, after every manufacturing process, and using the

described in step 1 and the correl ationg described in step 2, it

possi ble to establish a corrective action which can bring the final

back into specs. The itemis reworked only if it not possible to
out - of - specs condi tions. | subssepanatranufgicéawhngt Povcesshecapaddles and

correl ations may be used agrappyRgimdicHd 18 teRl baeki ¥RtaCiddys .for

out - of -specs condition is distributed anmong all correl ated manufacturing
This has the advantage of minimzing the sizes of corrective
now Note tbatpehd aoded wsed to hyieg fhecdsem bark iimgpead are

distributed gpany sevehel reahlebabadcPr A6&ESCRnibNalR! @athe stRphod of the

processes.
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Thus, after every manufacturing process, and using

the models described in step 1 and the correlations
described in step 2, it is possible to establish a
corrective action which can bring the final product back
into specs. The item is reworked only i1f it not possible
to correct out-of-specs conditions.

In a separate implementation, the models é&nd
correlations may be used as above, but the corrective
action for out-of-specs condition is distributed amoéng
all correlated manufacturing processes. This has the
advantage of minimizing the sizes of corrective steps,
which now are not performed at a single process, but
instead are distributed among several correlated
processes.,

Example

The method of the present invention is now manifest
by way of an Example comprising MOS capacitor

fabrication.

MOS capacitor fabrication is a multi-step process
which can produce a device used in semiconductor
fabrication lines.
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6 The capacitor was designed with a target threshold voltage of 1 volt.
Note that this is a functional specification of a conpleted workpi ece. The
conpl ete MOS, capacitor fabrication process consisted of six steps: (1)
substrate characterization, (2) thermal oxidation, (3) ion inplantation,

(4) annealing, (5) metallization, and (6) device testing. Each process step
consi sted of independent variables (inpgts), dependent variables or
responses (outputs) and nodels which could quantify the relationship
between the inputs and the outputs. For this application, the substrate
carri }ad a si nﬂ{eﬁ_capaafi!tab: Qas desié?x{'é;%][ @Qtﬁgaceafgaﬁimesmd S
specification for this vari e a yniform.oron concentr.atiqon o

+- 1E16 aton‘{s(?{c%égﬁ:o? tH‘e Y)?iﬁd‘at }Ngﬁt?t Le*%‘f“tt h{eglvsarll%bﬁes ‘%/\xgcrtel%tnia(r%e and

t enper at ur e IPeHM igmtinn ofThecemBpetrst WRakPEAEGeoxi de fil mthi ckness. The
specifications for this process step were: oxidation tinme of 45 + 5

m nut es, oxidati t enpe e 8 +- . d n i t hi ckness
of 24 +- 2 nanong et s@g g%g%heﬂsﬁpggﬁ?ﬁﬁ%‘n g? Ee’%?é?%em\?a%r%legg were ion
dose and i nptenaisted QL sikeSEEBPbnse was the sheet-resistance of the

i mpl anted | ayer paraneters. The specifications for this process step were:

(1) substrate characterization,
{(2) thermal oxidation,

{3) ion implantation,

(4) annealing,

(5) metallization, and

(6) device testing.

Each process step consisted of independent variables
(inputs), dependent vériables or respénses (outputs) and
models which could quantify the relationship between the
inputs and the outputs. For this application, the
substrate carried a single variable - charge
concentration. The specification for this variable was
a uniform boron concentration of $E16 +- 1lE16 atoms/cc.
For the oxidation step, the variables were time and
temperature of oxidation. The response was the oxide
film thickness. The specifications for this process step
were: oxidation time of 45 +- 5 minutes, oxidation
temperature of 800 +- 10 degrees C, and oxide thicknesé
of 24 +- 2 nanometers. For the implantation step, the
variables were ion dose and implant energy. The response
was the sheet-resistance of the implanted ' layer
parameters.

The specifications for this process step were:
implantation energy of 30 +- 5 Kev, implantation dosage



‘inplantation energy of 30 +- 5 Kev, inplantation dosage of 1E12 +- 5E11
atons/cnferr] and sheet-resistance of 5240 +- 500 ohns/square. For the
anneal ing step the variables were annealing tinme and tenperature, and the
responses are dopant distribution paraneters, which were nodelled via

di ffusi on nodel s. The specifications for this process step were:
annealing time of 60 +- 5 minutes and annealing tenperature of 1000 +- 10
degree C. Dopant distribution was not 7specified for this step. For
simplicity, the netallization step was assuned to be ideal. Thus, no
paranmeters ape jified Efnﬂ%ﬁﬁ&/ Ehsn E‘éﬂe“e‘%—&:@%isé&ﬁ& Bga5sEed-t he

t hreshol d voltage of the conplete prece, wth design, speC|f|cat|on

of 1 volt. MQ8[ ghmségaugre. fo‘"F°r féh%r?“"e&léc‘}@s§te?s¥’é?) var
qguantitati velWgredeannebkindnetind adndnsénpedatcumeenandr tid| segpormess) and

response (0ULPUt Shpaf ANluHRIBh bakaheReldle HYBRTLBRE lpdiild o5 of the

conpl eted WO@;EI ece to t process varl abl es ‘used abrication.
FEEDFORWARD WPERAT Y sdiagyr Bodelsgy e The 1 FPeFLFicAY AN fREQVRar o
adj ust nent s proaesd/3Rampecet: oanncaling timevef a0 pr-oSestnisteepanar e of f

their ideal Lahrggifng 1temﬂ&é\5ﬂ‘eevc?f aldtﬂf eﬁhoj(pl deire@d e, Of popilet W th an

initial substrate concent ration of 16 ns/ Cﬁ which is lower than the
target of 5.BETBTIRIEiQR(WRA (MRF +5p6° i t PEr ZRLE 84RP-nod 19T derive an

oxi dation ti gsémplicity, the metallization step was assumed to be
ideal. Thus, no parameters are listed or needed. The
device test step measured the threshold voltage of the
completed workpiece, with a design specification of 1
volt.

Models exist for each process step, and
quantitatively describe the relationship between variable
(inputs) and responsei(outputs). A global model relates
the functional variables of the completed workpiece to
the process variables used in its fabrication.

FEEDFORD OPERATION

Figure 1, numeral 10, illustrates feedforward
adjustments of an MOS capacitor in which several process
steps are off their ideal targets.

1. To achieve a threshold voltage of 1 volt with an
initial substrate concentration of 4.8E16 atoms/cc which
is lower than the target of 5.0El6, but within the +-
0.5E16 tolerance, the models derive an oxidation time of
44.837 minutes which is within specifications of 45+~ 2.5
minutes. These modified targets for the oxidation step
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44,837 mnutes which is wthin specifications of 45+- 2.5 m nutes. These
nodi fied targets for the oxidation step REPLACEMENT SHEET 1 3 AUG 1999
bring the capacitor back on the target of 1 volt w thout changes in the
foll owi ng process steps. 2. G ven that the inperfect oxidation step
results in oxidation tinme of 46 mnutes and oxidation tenperature of 807
degrees, which is off the tenperature specification of 800 +- 5, the

i npl antation energy nust be changed to 52.853 keV to bring the capacitor
back on target, assuming. that the remaining variables are on target. 3.

G ven that theringmphantapaceitct dackesul the dargm bfipl ardltemdtppuof 30 keV

and in i npl andy 9 qf, eh8EELL gzﬁspgﬂs& 3;%, Ehebs, ON the energy target but
of f the dose spe%ggl cation Jf’ 12+ §I§\%/% an anneal ing time of 59.772
mnutes is required to bring the capacitor back on target with a nom nal
anneal i ng t erfper aGivenothdO0thelepeeas«Ct Detdatbon reesy resofitanin

ol ement at| Q0B £ ARITAN N AR BA G 1 oK EndbadiiatiBE d St ePs,

are shown bel ow. The three steps scussed above corres to,steps |, 3
and 5 in the &P é‘FﬂéFesNo't'E“Elha’ts IRE % dheohPRBerHELs éﬂeﬁg§1°%éﬁ$or war d
corrective axft i8B00s+- Bg thavimplkntatisnednergymacss e vhangegptog or
rework of i ntgey, ré%@' aﬁﬁvv‘mokaEEEE ent ERpQLNESM Bk WU drarféy e

occurred due
assuming that the remaining variables are on target.

3. Given that the implantation step results in an
Implant energy of 30 keV and in implant dose of 5.6Ell
atoms/cm2, which is on the energy target but off the dose
specification of 1E12+-2.55E1l1, an annealing time of
59.772 minutes is required to bring the capacitor back on
target with a nominal annealing temperature of 1000
degreqs c.

Detailed results of an implementation of the
feedforward technique, with more feedforward steps, are
shown below. The three steps discussed above correspond
to steps 1, 3 and 5 in the material.

Note that by following the previous feedforward
corrective actions, we have laminated unnecessary
scrapping or rework of intermediate workpiece, which
otherwise would have occurred due to the off
specification oxidation temperature and implant dose.

FEEDFORWARD TLLUSTRATION IN MOS CAPACITOR FABRICATION

Given the product response map, this program
suggests feedforward corrective action for each off-
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specification oxidation tenperature and inplant dose. FEEDFORWARD

| LLUSTRATI ON I N MOS CAPACI TOR FABRI CATI ON G ven the product response nap,
this program suggests feedforward corrective action for each off- 9
target variable. The program selects the optinmum adjustnent, in the
next variable, to bring the product back on target, with m ni num

adj ustments of subsequent variables. YO -gCapacitor Threshold Vol tage
(product target; in volts) X1 - Substrate doping |level (in atons/cc) X2 -
xidation Tinme (in mnutes) X3 - Oxidation Tenperature (in degrees C) X4 -
| on I npl ant at tamgdinergyri@bleki | oVItd Spr¥gram | Gelledpbanthé | wptRasd (i n
atons/cnferr]lq i al nper at ure
(in degrees Cé %éMH&Réé#q%ﬁhé%ﬁEL5%ng§£%E'%?ngkﬁgggké PI%%EE% . ENTER
MEASURED VAR q_n(gm% wigihy gningmygy ad jugnentgo of ‘subsgguent X2

X3 X4  vardbles. X6 X7 1.000 4.BCE16 44.837 800.00 30.000 .

1. O0E12 60. 000 1000. 000 SUGCGESTED SETTING FOR VARI ABLE 2: 44. 837 STEP 2.
ENTER MEASURED VARI ABLE 2 ( SPECS. 45 [err] 2.5): 46 YO X2
X3 X4 X0 - Ggpacitor Thres WG‘ oHmgrs (REOBET ?@Bgems 30 000

1. 0O0E12 60. 000 10G&XXH¥)

X1 - Substrate doping level (in atoms/cc)
X2 - Oxidation Time (in minutes)

X3 - Oxidation Temperature (in degrees C)
X4 - Ton Implantation Energy (in kilovolts)
X5 - Ion Implantation Does (in atoms/cm2).
X6 - Annealing Time (in minutes)

X7 - Annealing Temperature (in degrees C)

ENTER TARGET THRESHOLD VOLTAGE (IN VOLTS) : 1

STEP 1. ENTER MEASURED VARIABLE 1 (SPECS. = 5E16 % 5E16):
4.8E16

YO X1 X2 X3 X4 X5 X6 X7
1.000 4.80E16  44.837 800.00 30.000 1.00E12 ©€0.000 1000.000
SUGGESTED SETTING FOR VARIABLE 2: 44.837

STEP 2. ENTER MEASURED VARIABLE 2 (SPECS. = 45 t 2.5): 46

YO X1 X2 X3 X4 X5 X6 X7
1.000 4.80E16 46.000 798.705 30.000 1.00E12 60.000 1000.000
SUGGESTED SETTING FOR VARIABLE 3: 798.705
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SUGGESTED SETTI NG FOR VARI ABLE 3: 798. 705 10 STEP 3. ENTER MEASURED

VARI ABLE 3 (SPECS. = 800 5): 807 YO X1

X2 X3

X4

X5 X6 X7 1.000 4. 80E16 46. 000 807.000 52.853 1.00E12
, 60. 000 1000. 000 SUGGESTED SETTI NG FOR VARI ABLE 4: 52. 853 STEP 4. ENTER

MEASURED VARI ABLE 4 (SPECS. = 30 2.5): 30 YO
X4 - X5 X6 X7 1.000 4. 8016 46.000

5. 60E11 60. 000 1000. 000 SUGGESTED SETTI NG FOR VARI ABLE 5 :

X1 X2
807.000 30.000

ENTER MEASURED VARI ABLE 5 (SPECS. =1E12 2.5E11): 5.6El11 YO X1

X2 XITEP 3.XBNTERXMEASURED VERIABLE 3X/SPeEd¥Q0= gdo 80E}6 sdp. 000
807.000 30.000 5.60E11 59.772 1000. 000 SUGGESTED SETTI NG FOR VARI ABLE 6:

59. 772 STEP 6. ENTER MEASURED VARI ABLE 6 (SPECS. = 60 2.5):

X1 X2 ¥O x&2 D (s X4y X5 X7®1. 000%7 4. 80E16
46. 000 807.1009 308CRI6 546(PCQ1 80¥90907 2521 8%F01 (POBL2S| RILSST HPPOSLOOT| NG FOR
VARI ABLE 7: 1000 sGKERTeD. sEmiiicRrdEASIIRED MARPABIBE 7 (SPECS. = 1E3 5):

YO X1 X2 X3 X4 X5 X6

4. 80E16 46.000 807.000 30.000 5.60E11 59.772 1000.000 FI NAL RESULT

X¥ 1.000

STEP 4. ENTER MEASURED VARIABLE 4 (SPECS. = 30 % 2.5): 30

Yo X1 X2 X3 x4 X5 X6

X7

1.000 4.80E16 46.000 807.000 30.000 5.60Ell 60.000 1000.000

SUGGESTED SETTING FOR VARIABLE 5 : 5.60E1ll

STEP 5. ENTER MEASURED VARIABLE 5 (SPECS.=1El12 ¢ 2.5E11):

5.6E11

Yo X1 X2 X3 X4 X5 X6

X7

1.000 4.80E16 46.000 807.000 30.000 5.60E11 59.772 1000.000

SUGGESTED SETTING FOR VARIABLE 6: 59.772'

STEP 6. ENTER MEASURED VARIABLE 6 (SPECS. = 60 t 2.5):

59.772
YO X1 X2 X3 X4 X5 X6

X7

1.000 4.80E16 46.000 807.000 30.000 5.60E1l1 59.772 1000.000

SUGGESTED SETTING FOR VARIABLE 7: 1000

STEP 7. ENTER MEASURED VARIABLE 7 (SPECS.

1000
YO X1 X2 X3 X4 X5 X6

= 1E3 % 5):

X7

1.000 4.80E16 46.000 807.000 30.000 5.60E11 59.772 1000.000

FINAL RESULT

X3

5. 60E11 STEP 5.

59.772 YO

1000



11 CLAIVM5 What is clainmed is: 1. A method for optim zing manufacturing
production of a workpiece, the nethod conprising: (i) speci fying ideal
val ues for a paraneter |list corresponding to a conpl eted workpiece; (ii)
subj ecting the workpiece to an initial manufacturing process to an end of

produci ng the ¢ rkpiece in satisfaction of said ideal values;
(iii) - Tﬂ”! BE h uaﬁnufacturing prjocess for ascertaining the status
of the in e wth respect to said ideal values; and (iv)

continually providing feedforward corrective actions to said
manuf act uri ng process. conditioned by said status of the in-process
wor kpi ece, to alter target values of said paraneter list until the

wor kpi ece is brought back within specifications. 2. A et hod accordi ng
to claiml, GhAIMEN the feedforward corrective action conprises subjecting
the workpiece to a nodified manufacturing process. 3. A et hod

according to_claim 2, erein the feedforward corrective action conprises
i dentifying Hﬁﬁgrchﬁ}%ﬂmﬁgﬁﬁ?acturing process step to an end of nodifying
its internal paraneters target values. 4. A nmet hod according to claim

1, wherein the fegdf Mk ¢oc0bhLEhi VP hhh@Pa AR BEodhet {dP\Ws NY

compensat ofy acti on L Opgh & RLULALLLY oL dlSSrel Enlmpuactyy, no process

(1) specifying ideal values for a parameter
1ist corresponding to a completed
workpiece;

(i1) subjecting the workpiece to an initial

manufacturing process to an end of
producing the completed workpiece in
satisfaction of said ideal values;

(iii) monitoring the manufacturing process for
ascertaining the status of the in-process
workpiece with respect to said ideal
values;

and

(iv) providing feedforward corrective actions
to said manufacturing process conditioned
by said status of the in-process
workpiece.
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5. The met hod according to claim1, wherein prior to said specifying

‘i deal values, said nethod further includes establishing nodels relating
functi onal ﬂ a final product to outputs of every

manuf act uri mumm"m”mmm; to said final product, such that nodels of
al | manufacturiAg protesses are generated, and rmdel s for partial and final
products are generated based on i nput/ oyt put relationships. 6. The

met hod according to claim 1, wherein prior to said specifying ideal

val ues, said nmethod further conprises deriving inter-process correlations
bet ween all pRairsaof meahuliachocondipy ocessedaiandler eahengim cohael ati on

mat i X between al koBakbsulta AR BGL PR RiRT aeBlSn) bet g or mation

is generated as to Interactions between a alrs of manufacturi
processes i ncl udi ﬁBe[EPF]]‘pW‘F%I“pPo&\?GFﬁ?d anufRGLULing (Y QeSS dl ng to

claim1, wherein said providing feedforward corrective actions includes

notifying a gubsegueﬁgt guf gg% 1Y% Precessath a8, oufn@faisPeghd | cation

condi tion, and whereln a su uent manuf act urin process i s correl at ed.
to a previous steﬁeeggf’ﬂw%é‘l%rﬁ Eive aFtign oLt 995 1deRET EXNGe to
produce said target paztieslan :banu@dﬁm-ipgo;lnotemcé:temtm sprecerd cat i ons.

8. The net hOdoECxﬁ&igt gt‘it fx‘n?'&rxi'al p’ﬁ Eafete N kaPhet ReLl fdLat | 083

conditions are correct at eac step of manuf act ufi ng process.
The met hod according to claim1, wherein a nodel used to bring the
wor kpi ece badk inthA spethdd caacwrsiing atéi nallaipr odyct whexkein Wileh at each

step, assumes thageghkﬁ.waggquenﬁ gggg{ggéurl AN AE ESS ¥l Rl thel T

nom nal settings according to claiml1, wherein said
provi di ng feedf or WBFEFRR¥& g \ﬂé"’&&t F‘Bﬂ%f?‘?fé*ﬂ&@spgei:%%ﬁ‘?%g the optinmum
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feedforward corrective action comprises
distributing compensatory action through a
plurality of discrete manufacturing process steps.
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