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mathematical models of the device manufacturing process are required.

[0004] Economic as well as technological drivers exists for the move to AEC/APC. The
cost of purchasing (and developing) stand-alone process tools to meet advanced production
specifications is expected to be staggering. A cost effective alternative to the purchase of a new
generation of process equipment exists through the combined use of add-on sensors with
AEC/APC in existing (legacy) equipment. Sensor-based AEC/APC in legacy equipment can
drive these tools to the tighter specifications needed for nanometer-scale device fabrication.
Additional cost benefits can be realized from reductions in scrap/rework (especially in 300 mm
wafer processing) and in lower test wafer use since these can be reduced or even eliminated in

systems using wafer- and/or process-state data for process control. Sensor-based AEC/APC can

-1-



drive these tools to the tighter specifications needed
for nanoneter-scal e device fabrication. Additiona
weomv/1besefits can be realized from reducti onsSPCTUS2009/034619
scrap/rework (especially in 300 nm wafer processing)
and in | ower test wafer use since these can be reduced
also reduge pegyentive maingepasep dawnsimasand tirs ta pregesequalifigations, while

increasir%é%ﬁ%%%é%}aﬁhﬁieg Heli fﬁg){eerfgt[n?a%%g 3}718189 M(Pfa%)rlcseﬁ{&%%ro%gﬁﬁq

anal'so re revent’l ve mnmal ntenance
[0005] downtA n&sl theréfdre BEists FoibPe@&d s§istemk had Alettds forwhdri®ring
I ncreasi ng process, capabilities, device perfaqrmance

manufacg}rgqugoc&ﬁ@Sf Aunged alsos¥istsiop G@tﬁﬁmg anfimglfylpg faadtg associated with
manufach%ﬁfg‘?r@ée@se@’éh& B?‘g)ﬁl%rof!tﬁ@ﬁl%ﬁgctﬁﬂﬁéﬁies‘%@ met hods for

ni-tori ng manuftacturing processe need al so exists
for detecting and classifying faults associated with

manuf act uri ng SUMMASRY QF dTHUINVENTHON he

manuf act uri ng processes. SUVMARY OF THE | NVENTI ON

[ 000 I n_one aspect.. the. inventi,o eatures a net .
10006] o7 T ¥ abef, PR REmiph SR E PR Ao E RO ey FitEfturing
process. | Theah¥tBsd atalick i melrolgYy dath doif 2micmiducion U O4t the

wafers at the conclusion of a final process_step for

conclusiemef arfipal fpaeqest siap fs it manufpotaringprgegss (1Hep Ak Hog nqtked also
imoves DYALKE AT LA 01 BoL0C BRI B L Bl Blo Lol

manufacagingcemitonitioctomabferss(“Steptb®p The) methbé alve iadvealcsating a first
I nvol v reating a firs t hepati cal] nodel qf the .
mathem%t}cag@ogé SE Ut BpCesasen ﬁva%r%%;%é frEtehBlogy slatging thnprapied data
K ; & i
forthe pREANY LEBIALELRABIL IR B, HPhlolyss Sepl | RESRY. AT S ey
involvesirepeating stepep end stag ¢ Soregh deabt asedost prpcess Stgp fait mhmegetuang the

semiconé@cﬁ?rgxg {fﬁfﬁtﬁg\@? N frger:tg?nﬁgllé% ?r;:vfoﬂzrﬁiﬁ gr%ﬂégi%nﬂé thematical model
based orl tAY He¥iBfo s dapt dnddh@dath forahd SIPdlitE 8f probets hakasi&foP Badh the n
metrol ogy data and the data for the plurality of

process giepsdE8iep ¢2) | Hisi raethodalse ivielvss crepanga pdees snathempagical model

Ste ") .. ghe I 1{AVQ [ e L0
b o 5P ok PR R SR VSRHE R FHEEL LBt e op v
mathemaitd] fbéeliDBBES of Rt PeEbRYs Bikiables that BavaritbuBstantil @ffeét on the
'"). The top |l evel mathematical nodel is based on those

metrologyrdféess vari abl es that have a substantial effect on

t he netrol ogy dat a. .
[0007] In some embodiments, a method for monitoring a manufacturing process involves

comparing data for the first process step for manufacturing a semiconductor wafer to the top
level model of step f to determine whether a fault occurred during the first process step. In some
embodiments, the method involves comparing data for the second process step for manufacturing
a semiconductor wafer to the top level model of step f to determine whether a fault occurred
during the second process step. In some embodiments, the method involves comparing data for
each process step for manufacturing a semiconductor wafer to the top level model of step f to

determine whether a fault occurred during any of the n process steps.
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mathematical model of at least one of the n process steps is updated by adjusting a weighting in
the mathematical model associated with the plurality of process variables based on which
variables are determined to contribute more significantly to a fault occurring during at least one
of the n process steps. In some embodiments, the process variables that have a substantial effect
on the metrology data are weighted more in creating the top level mathematical model than
process variables that do not have a substantial effect on the metrology data. In some
embodiments, the models created by steps c., d. and e. comprise process information and noise
information. In some embodiments, the top level mathematical model comprises process

variables that affect yield of the manufacturing process.
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property of at least one process step based on whether the top level model determines that a fault
has occurred during at least one process step. The processor can identify which of the process

variables causes manufacturing yield to be below a predetermined limit.

[00016] In some embodiments, the system includes a processor for comparing data for the
first process step for manufacturing a semiconductor wafer to the top level model generated by
element f to determine whether manufacturing yield will be above a predetermined limit. In

some embodiments, the process variables that have a substantial effect on the metrology data are
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[00021] FIG. 1 is a schematic drawing depicting a method 100 for creating a model for

monitoring a manufacturing process for manufacturing a lot of semiconductor wafers 104,
according to an illustrative embodiment of the invention. The method 100 involves combining
process data and yield data (e.g., metrology data) to create a model for process control of a
manufacturing process and yield prediction for a manufacturing process. The manufacturing
process includes a plurality of process steps 108A, 108B, 108C or 108D for processing the lot of
semiconductor wafers 104. In this embodiment, the manufacturing process includes “n” number
of process steps 108A, 108B, 108C or 108D. The method 100 involves acquiring metrology data
112 taken from the final output 134 of the plurality of process steps 108A, 108B, 108C or 108D.

In some embodiments, the step 112 involves acquiring data for a plurality of process variables
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[00017] The advantages of the invention described

above, together with further advantages, may be better
wapaenseend by referring to the foll owi ng descP@pUs®NI/ 034619

taken in conjunction with the acconmpanyi ng draw ngs.
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can include, for exanple, data froma series of

By way gbenaniel nedlByaripipaslysisoachnidies sy dedmplemegied by using the SIMCA-
P+ multivariate analysis software package (Umetrics, offices in Kinnelon, NJ). In one

embodiment, the model creation step (e.g., step 116A) involves formatting in a matrix X (see
EQN. 1) the metrology data acquired, step 112 for each process step, where the matrix X has N
rows and K columns. K is the number of manufacturing related variables and N is the number of
outputs (e.g., observations, number of wafers) of the specific manufacturing process (e.g.,

process step 108A).
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plurality of process steps 108A, 108B, 108C and 108D.
The nethod 100 invol ves creating a first mathemati cal
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where TTRHe 8GEYRalitk, I QE@S Joddthlmatrix, P’ is the transpose of the P matrix, and E

is the residual matrix. The scores matrix T is given by:

T=[t t, .. .. t,] EQN. 3
and the loading matrix P is given by:

P=[p, p, .. p,] EQN. 4

where, for example, t, is the 1* principal component and p; is the 1% load vector. The 1*
principal component (t;) is also referred to as the 1 score vector of the X matrix and is a linear
combination of the manufacturing related variables. The 2™ principal component (t;) is also

referred to as the 2™ score vector of the X matrix and is a linear combination of the
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col u of e matrix X (centering). Each entry in the
“SedtoPﬁ%‘i‘F’?@‘%{nPéeqt hen divided by the standard deviation of

t he r di n | um of t.he rix X.(scall . .
100027] b, fbe RIRALOGBSEpS et Thratvees G e prolaine Mo Ehine equations:

(PCA) nethod is then enployed in devel opi ng a nodel .

The PGCA merhod reduces the nunber of dinmensions (K

vari abl@sy—of the original data (original matrix )%QN-S

down to diff ew i ndependent variables that are a |inear

conmbi nation of the original data (K variabl es of
where starting iwithl anniaitial xondjtior 00 €i26] véatoranieialyrbquhl bethie colum of the X

) del devel opi ng, step then invol ves determ ning the
matrix ( Nna}&éﬂngc‘gﬁﬁ@%%\‘@"éﬁ@qeoadi ngs of the nodel using

an non-linear iterative non-linear partial_ |east

[00028] s quarlds NIRARA sythad thepdnvadeesgiopaalizigg piras POV WI ng
equation: X =TP" +E EQN 2 where T is the scores
matrijp|=A.0s the loading matrix, P is the transpdN.6
of the P matrix, and E is the residual matrix. The
scores trix T.is given by: T =[t t2 tA] EQN. 3 and

andtherlteﬁgal?ydg%nﬁﬁ5oﬁ%\{\flﬂg)gqﬁatllo§1.gi ven by: where, for exanple,
is the 1st principal conponent and Pl is the 1st | oad
vect gr - “H 1st principal conmponent (ti) is also EQN.7
referre%}p? as the 1st score vector of the X matrix
and is a [inear conbination of the manufacturing

LR T N R
By way bBé¥ainpl GiséSmay bﬂe@i}r‘% (basedrbn 0¥ eRperivhcd) iirald dadailations Gave

rel ated vari abl es. e subscript Ais the total nunber
convergest Whetl nci pal conponents used to produce the nodel .

“tl ~tiom H

Il

where t,4 is the value of t; from the prior iteration of performing the calculations using EQNS.
5-7.

(le—6 EQN. 8

[00030] The residual matrix E is then determined from the following relationship:

E=X—-tp, EQN. 9

The residual matrix E is then used in place of matrix X in EQNS. 5 and 7 to calculate the second
principal component (t;) and the second load vector (p2). The steps associated with EQNS. 5-9
are then similarly performed for each additional principal component (t4). The methods
described herein are applicable to applications involving multiple numbers of principal

components.



[00027] The NI PALS nethod then involves iteratively
enpl oying the follow ng equations: p[ = - EQN. 5 where
wer@enin2gi with an initial condition for the X\ PUBEUSMN9/034619
initially equal to the colum of the X matrix (EQN. 1)
havi ng the maxi mnum vari ance. [00028] The N PALS net hod
[00031] t hen Hrmmab@snmnmqefﬁmgltpﬁ)r aachf diseoation .5 eutnutonf the

manufechiFig gto 9 LB EERb BN Wirk e Bk Y AR ETH LR G

componélft@(H B) &pRat g%ﬂeﬂnp ube the §rigaipsidodigoasst coefficainito dBermine if
exanpl e, user {f specify (pbased on user
}

there is W&#&T@%@FSQ%@ Witk thesgagtiicaents nEhase peineippheomponeniirepfiicients
that are ¢ &6 eﬁcﬂ &h \kfﬁe @Stté’(ﬁn d%é}s ofnafg}al:@ﬁ}lﬁ sbﬁfe’umﬁsd@e similar

eratiron o rmn he ca cul atrons-usin

propertlé's (WhefeQU 310 t&fbalamnd&r dﬂpﬂmdipﬁl bomp&ldnss ﬁ%é o phe:tlecmnhe @tbdel).
fromthe follow ng atl g, E.=X-t EQ\. L
HoweveF, & P4 Ca378 i 1p ROEDYs8iD dsmﬂamleascaéld SSH%’@W%FS ageq on the

prmmpa%on@n% ficidiis E&Iaﬁéél zfi‘lt the Bﬂgnﬂelﬁ%ﬁi?a&ﬁﬂlﬂ%fe%%éd va_lr_ﬁtleales have

onent 2) and the second | oad vector )
been usedtte devedarsthe inaddetiavd ¢deh BONS. vaBiableahas liche given sinhidariweight (the

pincip PSR s SRSt 50 DR PRl B TRAOERLs 4/ veiahy
Accordu@él?' it &ahdrefdte hébéSak 0AdERHTY HiYse niAHTRBHSInG relRlell RatHMAEs that have
onponent s. [ 00031] Princi pal conponent coefficients

a substamtml efeat londhs modelt podeteating faulbiayiputs of the meanufacturing process.
manuf acturing process) are then cal cul ated using the
[00032] equatldemEyifip the/metwfacthring refdied mriaiblﬁs pizdt hevapsubstangial effect can

involve é%@gyrgg %mﬁ%gl{ lgasg g{]l%:r% ch%cr#r}c‘igat}orr]le sm%’fgbAS %ntfwse
manufacturing related variables are selected that have a substantial effect on the model for

detecting faulty outputs of the manufacturing process.

PLS and PLSDA Method

[00033] The PLS and PLSDA method is employed as given by the following equations:
X=TP'+E EQN. 10
Y=UC'+F EQN. 11
T=XW" EQN. 12
Y=BX+E EQN. 13
B=W(P'WwW)'C EQN. 14

where Y is an (M x N) matrix that contains data associated with M features of the N

observations, B is the regression coefficient, and where

wr=w(Pw)" EQN. 15



there is any clustering associated with the
coefficients. Those principal conponent coefficients
wWao b@v/1an261 cl ose to each ot her when plotted i n PCT/US2009/034619
A-di nensi onal space may sonetines have simlar
propertles (where Ais the total nunber of principal
The M festirpomertfor examaple.depy wacifie metologydaetiic valygassoeiatgdrvith each
observat{B ¢ C%&&Sw'flfer)cffarlz%sgﬁ’é’e%?h@ e toidentify simlarities

i’ssim ased on the pr|n0|pal conponent

coeff C|ents becaus e ol |na an
1000341 { &7 1§ oDt o s LS LSt oty s b Gapeient
matrix afdd 188y HNeidt natat.| BB B8 r&dfabReRixHsysatéd Withd. The W matrix
wei ght (the principal conponent score is the linear
is given bnbi nation of all the variables multiplied by its
wei ght). Accordingly, it is therefore necessary to
i dent 3w, hose .anuf ajuring rel ated variabl es t HEON. 16
have a substantial effect on the nodel for detecting
mxhheé 33@&4&; of the manufacturing process. [00032]
nt| ng t'he manufacturing related vari abl es that
have(§ ubst anti al effect can invol ve performng%EX
partlar freast Squar di scri m nation analysis (PL
i.ch those nanufacturln rel ated variabl es are

[00035] sl e@ﬂ@da&lxﬁa& prgigusly deersibed Rerch, therlYFAL Smethrd inpgd|in
ut puts of the manufacturing
a°°°rd“‘f°rgg‘8g‘§t§§%‘gk’%g %gé‘{gﬁ‘é i Mot hod [00033] The PLS and
PLSDA netnod is enpl oyed as given by the follow ng
equat,j, Qn S U =TP +E EQN. 10 Y =UC +F EQN. 1 1 Tgof\¥ 18
EQ\. 12 W”— X +E EQN. 13 B =W P1W 1C EQN. 14 where Y
is an (M X ﬁ) matri x that contains data associ ated

r f
where uf 0 WHESAUAT 32 o b SRR AL b0 iyl GpdBy e votorw
1sﬂwns&ﬁ&h©1Mhﬂaqﬁmb§s may, for exanple, be a specific
nmetrol ogy netric value associated with each

w[|=1.0 EQN. 19
[00036] The next step in the NIPALS method involves:
1, = Xw, EQN. 20
T

=210 EQN. 21
tl tl

u = Y;cl EQN. 22
G G

where the calculations of EQNS. 18-22 are repeated until the calculations converge. By way of
example, a user may specify (based on user experience) that the calculations have converged

when

“tl ~tiow ”

al

(le—6 EQN. 23

-10-



observation (e.g., each wafer) or a class identifier.
[00034] T is the score matrix of X, and Uis the score
woreaopitx26f Y. Wis the X-weight matri x and C i BCT/0i82009/034619

Y-weight matrix. F is the residual matrix associ ated

with Y. The Wmatrix is given by: W=[w W wA] EQN. 16
where tjand thdreal® ofeth fiioxn the pgiow deratign ofperfogningzhe pjlc@atipnsniging EQNS.
18-22. [00035] Simlarly as previously described herein, the

NI PALS nethod is used in accordance with the follomﬁng

equatjons; 1 = E 18 Ux Wx re UL is set . to

[00037] ¢y 21 01 Ui, GRS TBe EREetieiET 1O0RGnER SF letergined from:
condition. The vector WL is then scaled to unit length
by: [ooo%’]t The next step in the NI PALS nethod N. 24
invol ¥ 7 =xwx EQN. 20 ¢ - 1 EQN. 2 1 Yo uc - 2@
ECJ\I 22 é( ICx where the calculations of EQNS. 18-22

repeate unt i | cal cul |ons converge. By way

The remétf SewpFds € ‘LQ @g@rmwag f@ﬁé@lﬁff@ QHaE selatpnshive,
experience) that the cal cul ati ons have converged
whenwBer B -tfmi d is the value oft] fromthe prior EQN.25
iteration of perform ng the cal cul ati ons using EQNS.

The residual matrix F is then determined from the following relationship:

F=Y-tc EQN. 26

[00038] The residual matrices E and F are then used in place of matrices X and Y in
EQNS. 18-26 to calculate the second principal component (t;), second load vector (p,), second
score vector of Y (uy), second X-weight vector (w»), and second Y-weight vector (c;). The steps
associated with EQNS. 18-26 are then similarly performed for each additional principal
component (ta). The methods described herein are applicable to applications involving multiple

numbers of principal components.

[00039] The next step in determining which of the K manufacturing related variables have
a substantial effect on the model detecting the fault condition of the manufacturing process
involves plotting the W* matrix and the C matrix. If there are two features (M), then the C
matrix will have two values C; and C, for each feature which are plotted as coordinates in a
plane. The W’ matrix contains two values for each manufacturing related variable which also

are plotted as coordinates in the same plane.

[00040] In this manner, the coordinate values of W* and C are superimposed on each
other. Those manufacturing related variable coordinates (W) that are located in the plane in
proximity to a feature have a substantial effect on the model being able to predict whether a
given wafer has that particular feature. Only those columns (K) corresponding to the substantial
manufacturing related variables are then used to update the model using EQNS. 1-9. The
updated model is then capable of distinguishing between outputs of the manufacturing process to

identify which outputs are faulty.

-11-



18-22. [00037] Once the cal cul ati ons have converged,
the X |l oadings are determned from = A EQN. 24 The
wo e®bduabl matrix E is then determ ned from t hePCT/US2009/034619
following relationship: E =X-1 1P " EQN. 25 The
residual matrix F is then determned fromthe _
[00041]f oI | G¥RNG: 1-86 aan bnwsedpt arrindiwiduat procegNeved Ge. g0 0®BRlingTore or
{ .and F { d..i I f
more prdeES HURL Gy SRR abeSL B 3. SRT G pBe BfBoR processes
each of WEl@E Rgh Picludeiopalor FRRPEIOEERE siehs) Fos examsle | FANSYEOE@E described
second score vector of Y (u2), second X- wei ght

above camet@tttﬁﬁd mupethed doswedig amalbpgatical modekfor gaoh procesestep,
word RS ITRRAEIL AN, SO A deft BN A B e ggbore

are used.in 3 hesthioet foo deatiifs & matieechabie heidel for an apkvided Pprecesn
applications involving nultiple nunbers of principal

conpanent s. 0039] ext step in determ ning which
mﬂ@ﬁ—ﬁ—ﬁ%"—ﬂ%%&? themat “.“!.]gl%f@ ated vari abl es have a

substantial effect on the nodel detecting the fault
[00042] condiln |S@ne smbpiisnants an sefoldingipropess deusedtogencyalg the top level

mathem@ cgf g rxyﬁ}bhgﬁ % etqﬁgd E)h%élga% {N'rp)iftveL fmattltk?{a%cglrlﬁodel i)

one metival usestlﬁhcaﬂﬁda(fa fteuif @6g:,fdaize:aiqufred fibieadh aff the ptootdsetepad 08A,

coor di nate a n trix contajns two
108B, 1Q8¢; oral080 Felgbﬂ) ﬁ%d@r fiemher Astho ga esthie sepreslip alapenlevel
model. f‘&st%z.g)'}bf‘er ﬁh{?\?}é 88 _RSarE l%ﬁﬁatg %ﬂi‘@seﬁ?a%n@b @unfolded data.

I'S manner, the coor te values o
For examapld, 43 step psacpssy danpass 80 senondawtth a0 verfers Thothés example the matrices

for the dEBO| GRARAITVIE 150 AN Boie o FUEMARE PR 2 f ot ur o

have a substanti al effect on the nodel being able to
predi ct whether a given wafer has that particul ar

feature. OpLy those ;col yms (K) corresponding to the
substanti al "™ 21 M Ml
ki, Kk, k, k,
k1,3 k2,3 k3,3 k4’3
ke ks kg kg,
ks ks ks ks
Step 1: kl,6 kz,s k3,6 k, . EQN. 27
k4 k2,7 ki, ki,
kg kg kg kg
ko ko ki ki
ko ko ks Kago

-12-



manufacturing rel ated variables are then used to
update the nodel using EQNS. 1-9. The updated nodel is
wo b@o/1capabl e of di stingui shing between out put BCDS1008034619
manuf acturing process to identify which outputs are
faul ty.[00041] EOQNS. 1-26 can be used at an individual
process level (e.g., including one or nore process
steps) andfRy ak,,a (kp]rrblknpd process |evel (e.g.,
i ncl udi ng o]pe of ~more pr,ocgsses, each of which can
i ncl ude onge™ér re pzroc,kéés steps). For exanple, EQNS.
1-26 as desksi bkg abkoye kgan be used in a nethod for
creating a pathenati cal del for each process step,
accordi ng t%r?an%“l I llfé"t ralet;rf)ve embodi ment. I n one
enbo%rregt KEQNSs 1426 dssdescribed above are usedy g og
O/E cryeatl a g tthemati c nodel for an ’
i ndi vi dual | pfoc ratl ng A Top Level
Mat hemat i cgh.” Mo ?&,‘7| k{OO 42]1 I n some enbodi nents, an
unf ol di ng pklg)cek;g | %, usedg tlo generate the top |evel
mat hemat i ca}f el . kT tlhods can be used to
generate a tdp I&vel>tmthenati cal nodel: i) one nethod
uses the achual kdat &t Selof) (e.g., data acquired for
each of the process steps 108A, 108B, 108C or 108D of
FIG 1) an ||) t he oth r et hod uses the scores from
a lower le n&lel sFor4exanpl e, EQNS. 27-29 are
exanpl es o klrzmt kgzx rkgprd‘s@nt ations of the unfol ded
data. For ,ﬁa g 3 step process can |last 30
seconds W 10 Waf ers. fhjthis exanple, the matrices
for the da ’a4coki4ectkwn Khower 1evel) woul d have the
following fprm ic0004,3;| Im sone enbodi nents, the sane
par arsgeess k# ? re nk measured in each procesEQN. 29
step. For B, 4al|l or none of the paraneters
can be the E\qrrekjpr kgachkmr ocess step. In sone
enbodi nment ea%h stkep not have to have the sane
nunber of Aélﬁ'pl €8 (e3%., 4%tep one could last 10
seconds, slhkp 2kgpulkgglds§ 20 seconds, and step three
coul d last|2 segond In sjome enbodi ments, the steps
do not have 't% é“’saﬁlﬁl eddt the sane sanpl ing rate.
In this enbodi ment, EQNS. 27-29 are selected to
[00043] demOnaksAL %nibta&mwﬁtso b SAfhe ?ﬁ%ﬁ%&s (wm}aﬁ@ nbh@ehiked idfeach
the matrices repeats itself for each of the wafers (10
process $tgp t]ﬁ(prg:xgmalqg @ye rbirirmenedf the phweeters canhethe isarge ffr each process
al 4] | hi o
step- In %)g F’{?g?%%’% “Ars ocr%rr%t P g&ggagﬂt%a% Ig&@ﬂ%sﬂ%@é{%@? amples (e.g.,
step one could last 10 seconds, step 2 could last 20 seconds, and step three could last 2 seconds).

In some embodiments, the steps do not have to be sampled at the same sampling rate. In this
embodiment, EQNS. 27-29 are selected to demonstrate the unfolding process, where the form of

the matrices repeats itself for each of the wafers (10 in this example) monitored.
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EQN. 27) into a vector and conbining the vectors to
make a single rowto be used in the top |evel nodel.
wo poobhiesenbodi ment, step 1 transforns into thBCT/US2009/034619

followi ng vector: 1*1,1,1 9*1,2,1 " " *1,4,1 9*1,1,2 "

1,42 " *1,1,3 "1,4,10 / EQN. 3 0 where the

subscri pts kX ysZ are x = process step y = paraneter z
Method pbsiﬁ{fgmﬂgqungtuw "observation id" refers to a row

of romztune | nol vi dual process steps. Simlarly,

the other two steps would transforminto the follow ng
[00044] t vvo \]?@dtis)q:mqufimem,, 1he! metho@imyolves transforming eachrrpattixXe.'g., matrix of
EQN. 27ip§o vigtgg; %ndzcoiﬁblhmg thqgﬁcﬁirgtolr% 2151%1.6 row:%o %g uie%zm the top
level moddl, In this embd&nrénd Gtepd 1EEMsfor@s #td %(féﬁibwinfg viebios:

enbodi ment, these vectors (EQNS. 30, 31, and 32) are

then conbined to forma si ngl e row representing a

si ngl fer dhvethefollovmn form

161, Hg ooy 2)%111’ e’ "& gookpun) 1 9ep 2.1 ¢ BQN.30

*24109*3119*321" " *3410/ EQUN . 3 3

s enbodi ment, the top | evel nodel would

Wherethkg%%ﬁhtslkgb?m %f a matrix havi ng as nany rows as there

ar e waf prosessksteph row woul d have the form of EQN. 33.

Unf olydegarametet X (€. 9., which can include a row

repr eseppserafyn AN 33) can be used to solve EQN. 10
(e.g., the X portion of the PLS nodel). After X is

where “o%@ér‘@ﬁ’on ian gefé(rs't§ a3 8 qatatffb@n ARIA@VRILhIGR08RE YR S‘inﬁﬁﬂy, the
can be found (e.qg. described in tthe PLS an

other tw@Sbmwndﬂhm5®eunn®ﬁheaM@mng tvogesatorsit e t he top I evel

m)del thod Unf ol di ng, of Scores [00047]

Qoser l‘hal.l’l on [’ éxxfel’kzdat 25 anf of deldfl nto the top | & 31

nodel . One exenpl ary nethod uses raw data (e.g., as

and descri bed above) and another nethod uses scores. In
this (ks,l,l’ks,z,x"'k3,4,1=k3,1,2"‘k3,4,2>>k3,1,3'--k3,4,10) EQN. 32
[00045] In this embodiment, these vectors (EQNS. 30, 31, and 32) are then combined to

form a single row representing a single wafer that would have the following form:

(kl,l,l ’k1,2,1 e 'k1,4,10’k2,1,1»k2,2,1 . 'k2,4,1o:k3,1,1>k3,2,1 " 'k3,4,10 ) EQN- 33

[00046] In this embodiment, the top level model would have the form of a matrix having
as many rows as there are wafers. Each row would have the form of EQN. 33. Unfolded matrix
(e.g., which can include a row represented by EQN. 33) can be used to solve EQN. 10 (e.g., the
X portion of the PLS model). After X is solved, and Y is solved, the correlation between X and
Y can be found (e.g., as described in the PLS and PSLDA method section above) to generate the

top level model.
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enbodi nent, the MVA nodel is run on the |ower |evel
data as defined above in EQNS. 27-29. By way of
wex@oaplesonly, step 1 can have 2 princi pal conpOnEs1089/034619
step 2 can have 3 principal conponents, and step 3 can
have 2 principal conponents. The scores matrices for
Method 2 hdidoldingrof Seergsd have the fol l owing forns, where the
score matrices have as nmany colunms as there are
[00047] pr i nEibpaivatianiselatatasis funfolddiantt the idpdodd @jodel. One exemplary

method (35 B ER YR Lo BuRARST o SR B TR e s PORE B
embodinthe Fhe ROV mdeNistriie of W 18@EAle @ tdaRths WeHhél ABc8 $h BUNS. 27-29.

the three matrices (e.g., EQNS 34-36) using scores, _

By way ¢fraxemplecoriy| stepnl eaq have gmr@.cipamonm@pnti,, stgp 2 carrbave 3 principal
' "% ' n ' ' ' "%
componegl’tsg ja_nc!L s’qeg 3 ,%ﬁn !Eave 2 prﬁﬁ/c&;}ag comgogen}s(.). T)hel':s%s %t{i@ers gg‘xlltggse steps
would hdv@the B8loavil fobihs Siie theécble matfideshave as thary coltifnds ds there are
oo 100" "*2,10 / EQN. 39 [00049] In this

principalggepngnerim for thgep:nr ee st eps woul d be conbined into a

single row of the top |level nodel representing a

singl e waff@r, ang, Woul d I ook Iike VI.1,1"' "1,2,1"

"1,1,2 " 't' gﬁl,lo " ",2,10 ""2,1,1 " 2,2,1"

"A2,3,1 " ¥ 2¥3 110" 2 10 ' 72,3,10 " 73,1,1 ' h 21

vttt A8y 1025 113,2,10 /  where the subscripts

X,y,Z reprgsentg ¥ = step y = princi pal conponentz =

sanpl e Unfpl'ted>hdtrix (e.g., which can include a row
repr %gi&m:eotl,by '5EQN. 40) can be used to sol ve EQN. 34

t1,6 t2,6

L b

t1,8 t2,8

Z‘1,9 t2,9

Lo oo

tll tz,l t3l

t12 t2,2 t32

t t t
Step2:| ©° ¥ ¥ EQN. 35

t1,10 Lio B
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equation 10 (the X portion of the PLS nodel).

is solved,

unf ol di ng

subst anti

steps. In

properly i
process to
[00051] In
defi S
t he E%%%?z
been perfo
tronr2, 1,1
Viw, Ul I
wW,S,v,n re

and Y i

W tifp) &
I I m
sﬂ%ﬁesﬂéﬁt
dent ifyi
Pr ocess
thi s en
fihe ‘st 6
| eyvelt,t g

O nday
ti,ﬁza |t2,yva

bodi nent ,

After X

s solved, the correl ati on between X

wa@eaoY12an be found (as described in the PLS SBCTL/US2009/034619
above) to generate a top |evel
mul ti pl e processes [00050]

nodel . Unf ol di ng
I n sone enbodi nents,
processes can work in a
| ar fashion as unfolding nmultiple
odi ments, the method can include
ng wafers so the process data
remains wthin the sanme wafer.
t he processes can be
ps are defined. In this enbod
top | evel unfolding has alreagﬁﬁﬁ{36
e process matrices can | ook |ike:
2,172,1,3,1'2,., ,-v,n EQN. 41
l,3,1 v,s,v,n) where the subscripts
w = wafer s = process step v =

pr esent

princi pal cbhponént (or alternatively, if nodeling
with raw deia, wariable) n observati on nunber
[00052] In this enbodi ment, when nultiple processes
are canbi ned, then the %ombined trix méll
[00048] <t [ uélmlvﬁb’eﬁlr@%r epbodiment petyal propess data
used. ARinbil# pYoddss as used a¥éwRwitl/th@daw data method would translate the three

matrices (e.g., EQNS 34-36) using scores, into the following vectors:

(et.)g, see before) is

for step 1,

(tl,latz,lstl,zatz,za'":tl,loatz,m) EQN. 37
for step 2,

(tl,l:tz,lats,vtl,zatz,zs‘">t2,10=t3,1o) EQN. 38
and for step 3

(tl,lﬁtz,l’tl,Z’tz,Z’”"tl,lO’tZ,lO) EQN. 39
[00049] In this embodiment, the three steps would be combined into a single row of the

top level model representing a single wafer and would look like
(t1,1,1=t1,2,1:t1,1,2:"'tl,l,lo’tl,z,loatz,l,l:tz,z,lat2,3,1 "'t2,1,10’tz.z.lostz,a,loata,l,l:t3.2.1 "'=t3,1,1o>t3,2,10) EQN' 40

where the subscripts x,y,z represent:

X = step
y = principal component
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where the subscripts now account for w = wafer p =

process s = process step v = principal conponent (or,
wa@bkdoenngsi vely, if nodeling with raw data, varP@bU830091034619

= observati on nunber [00053] EOQNS. 27-42 as descri bed

above, define exenplary nmethods for conbining nultiple

proc@&sswnpid steps. EQNS. 27-42 generate an "X

Matri x" (e.g., an "nth" nmathematical nodel) that can

. | o¥®.
UnolaeRabEEL 0 8, e Ao ESEIANG0REM cabBdlo s
equationddt(de X poxtionuif ¢hesPlaS Rlo8el) 0 AfleeXdh sotwetk land Ynis solved, the correlation

odj ment s .in which the nod are based on scores
between SGEGY CEhA () (@GR B Ko S Fo<aR AP & BERGHGE & Love
model. that conbi nes each of the nmultiple processes by using

i ndi vi dual PLS nodels. [00054] FIG 2 is a schematic
drawi ng depicting a nethod for inplenenting a nodel

Unfoldi;%%%ul?igfe]@wsg&ri ng a manufacturing process for
u urrng a | ot of sem conductor wafers 104,

according to an illustrative enbodi nent of the_ '
[00050] i nvern seme eMbedimentsounbiing mubiiplegropessésoraniwigk an a pebstantially

- roc . Ste 08A and 108B and acquirin ata.
smiler 50T R TR E DR rps P e bbb nctude
properlyti&‘@ltigjiﬁg ORferS bR ptOhs @il pAd&ds to bRRPSGEMYR Wvithim tHelSase

enbodi ment, the nethod 200 includes up to "n" process
wafer. steps 108A, 108B, 108C and 108D. The data acquired
(204A, 204B, 204C and 204D) for each of the "n"

proc . By Vi (L. apgled :
1000s1) 2 8 i bABinRn L irnds 3 EBEIe( e sty i T, I s
embodingemt,ahi¢ fowter 1381 tohtap lével enfplde letsiabradyf beeh @exdagued: efteerocess

. of ﬁ{&ﬁ |t and/or classification of the fault

matrices;CgR MOXked i n one or nore of the wafers. The nodel can
be used to identify a fault or classify a fault in one
or g of, the progess steps and/or in the fina
mafers‘bﬂtﬁﬁi‘b§ pel*#bri ng each of the "n" process
St ep &,&8&,1,21%5} ”'t2,s,v,n EQN 41

tw,l,l,l tw,1,2,1 tw,1,3,1 tw,s,v,n

where the subscripts w,s,v,n represent

w = wafer
S = process step
v = principal component (or alternatively, if modeling with raw data, variable)
n = observation number
[00052] In this embodiment, when multiple processes are combined, then the combined

matrix will be structured according to:
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108C and |1 08D. [00055] FIG 3 is a graph conparing a
predicted yield 136 of a manufacturing process to an
woebsenyedl yi el d 140 of a manufacturing processPCT/US2009/034619
according to an illustrative enbodi nent of
thei nvention. The predicted yield was created using a
ntap hhevel qrethapmt ingal, - modgl, . - f%lﬁﬂamile nLhe top
Iev?l mat r}emat;cal ,m)del t124 of [FIGS. 1 and 2. The top
Ly & o det Wa S 2eredtel ushng ey o4y dat 2*&hd EQN. 42
process data froma first ot of 11 wafers (137 jin
3)...4 nfodel tas then us eqlto predlcttthe ield
w‘fll%laiZ?secohﬁv"I 80t 25 wat'et's (1'4bel éd'ds t HE™
prediction set 138). The graph in FIG 3 displays two
lines for the prediction set. The first line, |abeled
where the @bsciiptsmiw gscewitdered yi el d, based on the nodel. The
second i g | abel ed 140, is the actual neasured
ylel Neasured after the conpl eti on of the device
f abr iPCaPP8F50f t he nanufacturlng process that produces
the dEWEESSFBmM t he wafers ? sem conduct or
devi F&sprincipal comppnezt i(qryaléﬁmattWé W ifiaedeling varaydsta, variable)
denvmgfﬁbﬁé@ﬂphéw@bmicacy of the nodel to predict
process yield. The y-axis 148 represents yield of the
[00053] pr oC &N SEAR axtddseritradbone alaﬁnxgexemp‘lary ahéthorksl for combining

devi ces, 00% f unc ) VI ces.o0 )
multlple@r%?ﬁew@epﬁ o%@g] PR3 ecsie B ek Migal W echn o Gathematical

model) th@TaR Be LT 8 @EHIE TN nl(fjdsgieﬁcﬁlbeﬁ |a€<9¢er FHN. FO Eafh%et donbif¥d with
In computer hardware, firmare, software,

the “Y datefrts. gmamu:al@gmﬂattahmnonmi@e arP@JSdnp kevat inodelc ém emQOd\lmeats in which

the modgig R i B BB Pr 4 kiP5 oL B Pl B 8 gy combines

each of the Hﬁﬂtﬂil@?rdc@@@@i@ir fsifig fldadeudl PYISGRods.i N a propagat ed
SI gna or execution by, or to control the operation

dat a_processing appar at us, a _pr.ogrammbl e
[00054] pr oc&dGo? Is mschemplic drawing d fmtmgm réetb@q’r&xtl@p&emwmg a model 200

for momgér}o alflnénmﬁ’é&?g Igégéels,s | nfg?:&gl&cﬁgm]é%%p ﬁ)l@ leé %F(P%lr%l?c{uctor wafers 104,
accordinigné e flhstrativd anighdagerst, of alrdinvéntioan The ncéel}nidamnwﬂvemperforming

at east GRGREDSESS SERPARArT QB B0 AU (BB LA a0 2078 (Bengtly 204) for
e ol 5y SSRGSV . Tl
method 28] inclubes wotodinf’ eracest stepsel 08A 08B, 198€tanid HOBEd The data acquired
(204A, 204B, 204C and 204D) for each of the “n” process steps is provided to a model (e.g., the
model 124 of FIG. 1). The model 124 is then used to generate an output 128 that is a prediction
of the occurrence of a fault and/or classification of the fault identified in one or more of the
wafers. The model can be used to identify a fault or classify a fault in one or more of the process

steps and/or in the final wafers output by performing each of the “n” process steps 108A, 108B,
108C and 108D.

[00055] FIG. 3 is a graph comparing a predicted yield 136 of a manufacturing process to

an observed yield 140 of a manufacturing process, according to an illustrative embodiment of the
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across multiple sites and interconnected by a
communi cati on network. [00057] Method steps can be
w@esbor4zed by one or nore programmabl e processPCEUS2009/034619
executing a conputer programto perform functions of
the invention by operating on input data and
inventionye R prelistpdoiiele was craatadgyingtadten levghmathematieal peqdeb fpexample,
r
the top l@él mg{hg.rrﬁ.g&? éﬁc?:c%é? (1:%?{)11; If/)l’%}gé '?%.lng Egﬁ%gg%ﬁl%ﬁlﬁgﬁ?%l @Jas created using
metrologyrdagi amlrp&béas data €rodf 4 ﬁys) latof ah wABdré(137 in FIG. 3) The model was

plication-specific erated CIrCUIt) es can
then useﬁg @r@fﬁd%t hg el 1 Bora s550 ielers (bsls ﬁ@ﬁ%ﬁ?@\ﬁﬂ%@ﬂ 138).
r S r A
The gra L}ﬁ?ﬁéb _ﬁg{ ?Bgﬁ %ﬁég]fﬁf;frhg eélg%i?)'g ng Hggfﬁgt[ l?h %&led 136, is the
predictedyieki,based onﬁheanmdcipaﬂwersemndgma;ﬂabeied 4k s thy avtaryl wéasured yield,

measure&[fi@%gb? funple E?lg epﬁﬁglegﬁg, L pgta%in ﬁur 5 %@é@%g grc&pss&h@}

producedthBdefbesthrth tRd weRRE!E, rsemﬁ%ﬂ&ﬁc%ﬂ dbvicds P r’Hféesﬁﬁﬂénty of the lines
recei ves instructions and data froma read menory

136 and 440 demenstiates élm:@fﬁsaqymf@wmodelmmdlcrp@ce@sseﬂm e y-axis 148
a._conmput e a _pr. e
represenfiy TR e hractar PRHAEL S5, BeRRRERY ThlsoBll SEPERL Tomeaning
100% fufiétinhNdevides bhugliv@nsafend data. Generally, a cormuter
will also include, or be operatively coupled to
receive data_from or transfer dat 0t h, one or

[00056] o ¢ Trhg 8RO dsaledfechmiaues cap be trap Plﬁ@ntsitnaf? iggalplectronic
01rcu1trymﬁ%5fn§utepﬁm%{% ﬁﬂgbfa@ sSHwAS) orGh c@rﬂf)irﬁﬁﬁé)nsddﬁﬁém The

Data transm ssion’and | ndtructions can al so occur over
implemeatatiomeambe ad a cnsputert woglem profdierteg.| @coropute grogram tangibly

.suitable for enbodyin co ter m i nstr.uctions
embodic] N HAon GHRIEH €1 B BINHSHIAHEY GPTHEE SRERGPY I » propageted

signal, férrk%leé{ﬁioﬁ%ybbfr ’(W%Y)nﬁ‘f)l & é%%hﬁons@ﬂ'ﬂﬁg?ﬂié@is%g APpARIS, e.g., a
devi ces, é.g., EPROM and flash menory
programmbleqmqesmgmqmwtm, gkmulteﬂegcomplmrer Aadoniputer pid TR con be
abl e. di sks: et 0-0 i sk

writen it Ko O RESrHBE g e s TR oBPerpifi s, and
it can beslé Iékf@cﬁﬁfdrﬁfcfoﬁﬁ,, in6ldin Q@ bR@haLESheiplo&RRAGrak aMdML‘é Somponent,

Iog| C Ci rcwtr OOO 9] The terns "nodul e" and
subrouting, gp ethiepwit sua USSR & CAMPHERG eBIpNment A SPMPPter peagram can

be deplo& al n?{e&wg& &n gﬁe Q%ﬁuﬁ%@ Jt o%g‘g\mﬁﬁg ?Elgﬁ?gatrbbglrefsﬁé BP distributed

across nﬁlﬂl’p‘ld: sitsadd iiercesiededdy w’tdﬂhrﬁﬁmedlioﬁ mwtvsrkge medi um and
configured to execute on one or nore

[00057] Method steps can be performed by one or more programmable processors
executing a computer program to perform functions of the invention by operating on input data
and generating output. Method steps can also be performed by, and apparatus can be
implemented as, special purpose logic circuitry, e.g., an FPGA (field programmable gate array)
or an ASIC (application-specific integrated circuit). Modules can refer to portions of the

computer program and/or the processor/special circuitry that implements that functionality.
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processors. A nodule may be fully or partially
i npl emented with a general purpose integrated circuit
W@ 20001)425FPGA, or ASIC. Thus, a nodul e may i ncPCmMEs2008/034619
way of exanple, conponents, such as software
conponents, object-oriented software conponents, class
[00058] ¢ onp &resessorssiiiabledir tespenviian of a p@mp@tgsn@graﬁrumiud@n@ way of
example,géotéﬁ lgg%]tr@o d%ﬁ%ﬁﬁgnﬁp%%e fnﬁ%nb\léggs&%sands a?rrg'g)%@ 02 n}og% riorcglssors of

any kinddddgitatladrap@se Gerdedly, & proeessur RBeiveainbesctions hiad data &oth a read-
vari abl es, The functi onal.i ty rovided for in the

only memeiysieARdon AepeRpRIEMEL orelptibe e emsentialielementsiod wspmputer are a
RS BTN W AR, s
data. Genetaly pctomputed witl Asaimelude,tande apmaveip scmplbdaﬂb receive data from or

i can be i Ierrente av
transer Q4T iy 01501 er TaoTg MASS TBREE QEAPHONEPHYE (el Eofaeessc

magneto(dﬁtﬁéd' dHsIG! é/rséﬁﬁcalddl%l Phaka Mhﬁ%‘ion a{rﬁrlnﬁhﬁﬂbﬁé’édﬂgtlso occur over a
formation to the user and a t).;)goar and a pointing

commundauom}etwogi Informptierecagriers sunt@iek IembOéyanompuﬁehprogram

e 530 B LA G5 BB b2 DA SO gy L B

semlcon@@?ortiﬁetid@@(ile‘i/iée@ leQy/ | BEROM, EEFR@MCéﬂdqlhsan‘idin(&y ldl&@lbes’;lmagnetw
I'l; for exanple, T eedback provi ded to the user_can

disks, e. gaelnﬁmalfh@fdﬁlaks g apmeyaple diskm magnete-opticalidisks) anddelRth{eM and
DVD-R(?J‘RP&IEI%r yfhe 2)?91%@5%‘? an@fhe! &ﬁ&ljyecajfl %g %@5? oift l()j%/ ¥ lr'ﬁco%o%fbd in

user receirved I n-any

special pageslagic cikqitech, or tactile |nput. [ 00060] The above
described techniques can be inplenmented in a

di strjbuted £onp 1;| n stem that  incl udes ack
100059] ¢ diperermse el and " BRSO v bpd heffen Bieas, i Bth ey mited o, 2
software(R HRRINGRL corﬁp&hent @chﬁ RRHbAR d de?tﬁlnstﬁﬂéée A mBBEE Maydadvantageously
front-end conponent, é€.9g., a client conputer having a

be conﬁgrranptu reside os eddnesstabﬁsmr%m@ﬂmm mdwetnﬁgur@d\mxe@m @o@he or more

processofy K @l RE Rl SRS e Bspepal pprmgyg ineeraced

circuit (¢ 'ICd}j FOOR, @r ASICT TR0S, 2ansHIOMRP Bﬁ:‘[ﬁd% byl {iﬁ¥ QQB%wﬁkﬂéltcﬁmﬁﬁments
he system can be i nterconnect ed y any tormor medi um

such as swﬂv@mﬁqr@por@msmlumm@dtsoﬁwgre CQm@onerés clsneempenentspad task

compon {15 451 LGS, BT BRI AR L gl SPorogam coce,
drivers, ﬁﬁﬁ\&hreameﬁocnﬁbvaf&mtfy, ALY, Jatatadesa dath Ructes, talslesyardgys, and

variableg nqu,\fup@ql(g@gty prto\rz]lgecli ?(Erelrrl ﬁleetcom%r(])gerlltg gllldugl?)dl?lgg rr;laybre %gmbmed into
fewer components and modules or further separated into additional components and modules.
To provide for interaction with a user, the above described techniques can be implemented on a
computer having a display device, e.g., a CRT (cathode ray tube) or LCD (liquid crystal display)
monitor, for displaying information to the user and a keyboard and a pointing device, e.g., a
mouse or a trackball, by which the user can provide input to the computer (e.g., interact with a
user interface element). Other kinds of devices can be used to provide for interaction with a user

as well; for example, feedback provided to the user can be any form of sensory feedback, e.g.,
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networks. I n some exanples, comuni cati ons networks
can feature virtual networks or sub networks such as a
woRewaad2s1 ocal area network ("VLAN'). Unl ess cPEEDE2009/034619
i ndi cated ot herwi se, comruni cati ons networks can al so
include all or a portion of the publicly-swtched )
visual feedbaeln ruditonydeadbaik, Ot RSN 'feedtack; and apmit &ronnthg axser agp be received
. fovvrued ﬁ%/ﬁa sgqci fic cargi ﬁf # 0061] While the
in any fofrg, HGHIAME a6RUSHG.IFoEL OF Factiiedp ‘3 shown and descri bed
with reference to specific illustrative enbodi nents,
[00060] i t SMhylhBovedeseritasdstd@ditiuch adn eimipietsertbdingedisiribufedrcomputing
and detail may be nade wi t hout departing fromt ge
system thgs inclydes g dack-BRECHRPANGEL £18x &5 20313 SCIVATIBdARR 3middleware
3 N I
compondit 16 dppiicaion/ el Ml or 3 cAbBhd Ol K G Cher
having ageaphivahdset interfavefand Or atWetherowsercthrosigh whaéh auder oan interact with an

process step for the, manuf act uri (o] . b.
example B {EReRRGOBERr Y GPPRI3GR 8] 1) DRk i, EadIeyare; gpfiaat-end
compondn®. . Phel dobfHonBitOGLER sF4ER chiR be MRS AELIHIIAny form or medium of
sem conductor wafers; c. creating a first nmathemati cal

digital date denmuhicatiens £.gs ta convawdeationenctyade dExampl¢rcofrpomaindepions

data and e acquired data for, t.h | ural i - »
network A58 88t oL SRt i 16| de Bppworc AN
and a will €Reahbti@ris ['aPAR) ad), tht Bitediet, bad iktude Ot whed Bbwileless
process step for manufacturing the sem conduct or

networksneliespRIe c¥amplegROMHBUTHPRLIONALIOREH GAB AFatis dduab ASprisyor sub-
network§ ?u%h%%rv?ljn%gy cﬁfaertr@ ﬁl&qroi‘lpﬁv(i?h@if ?fnlésg @leQ}lg Eliddidd &Berwise,
pr o Brest of 't

cess vari a of eac e n process steps; and
communficatiofd ©a¥wb1kg can hisp inchwizl allnmataheatidr efthe puldslly-bagedddelephone
the nmetrol ogy data and the dels created by steps c ,
network §"PSIAN").for e’EWI?’cﬁqu%%PWﬁ“é{%éﬁ‘rﬁﬁc ¥icakfdel being
based on those process variables that have a
[00061] SUbStRRd Ak ifdhB6h hibdell PaitRllaBly QBY¥wH Bhddescribed with reference to

specific illustrative embodiments, it should be understood that various changes in form and detail

may be made without departing from the spirit and scope of the invention.
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2. The nmethod of claim11, conprising conparing data

for the first process step for manufacturing a
waemvgonduct or wafer to the top | evel nodel of PGL/BR2009/034619

to determ ne whether a fault occurred during the first

process step. 3. The nethod of claim2, conprising

conparing data for the dkAMMSprocess step for
manuf acturing a sem conductor wafer to the top |evel

. | of step f . to determ ne whether a fault
Wmm“%%%ﬁ??@é’during the second process step. 4. The nethod

of claiml, ¢ ri sin aring data for each process
R 8 e e g RS P T e
a. dc@lirihg idtrotBpgelatOfor SéreiRofductdr valies ef ik Benoltisidémef a final process

fault occurred during any of the n process steps. 5.
stee fordhewanefpctaripg RoLesSeonpri si ng conparing data for

£i . f '

v bl DL FBEERLT Ll BB e s oy
mamdhgmﬁﬁgB@nmgmrh&ﬁvwﬁgsf$ﬁturin% éieLd wi |l be above
c. g et s b RasAodal O Tt Blocss sfpbdaseibon e sresgloey

g%b g?%ﬁle bkl Ao iR Ml BiySoflR6dead %&?&b?els foh@e TRdthRstess

I'm1° wherein the mathematical nodels of the n
glemgcess steps are partial | east squares nodels. 8. The

thod of .claim7 ' L the t L, .
o FEHIRE B hEL T Rl SEP0L RR e B i Blping e
SaMasRctRdRirgs;0f the n process steps and the
mat hemat i cal nodel of the netrol ogy data

- 9. Th
e. areating@nal” roathematical medglrhaseden themsiiology data ancriby dafp for the

| east. ope of th S f sgguent
SRS BroPhs Ao B R P T e ¢

f. ci“&ttiﬁ% aes@leveclampthedhidal avdelfbagédedrmithe aettobepy data and the models
manuf acturi ng process. 10. The net hod of eél ajm1

pasated by stema cadlt 3l e tpprlaved gpﬁghqngaégal);pgqi belng]ba’sed on those
gﬁ%&&&%@ *hfa{ ft?ame.sa%gt%gall’ E0% oWAhEMItPlogfdaed by one

nore manuracturi ng runs.

2. The method of claim 1, comprising comparing data for the first process step for
manufacturing a semiconductor wafer to the top level model of step f. to determine whether a

fault occurred during the first process step.

3. The method of claim 2, comprising comparing data for the second process step for
manufacturing a semiconductor wafer to the top level model of step f. to determine whether a

fault occurred during the second process step.

4, The method of claim 1, comprising comparing data for each process step for
manufacturing a semiconductor wafer to the top level model of step f. to determine whether a

fault occurred during any of the n process steps.

5. The method of claim 1, comprising comparing data for the first process step for
manufacturing a semiconductor wafer to the top level model of step £. to determine whether

manufacturing yield will be above a predetermined limit.

6. The method of claim 1, wherein the mathematical model of step c. is created using a

multivariate analysis technique.
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11. The nmethod of claim 7, conprising conparing data

for at |l east one of the n process steps for subsequent
woratwafiaesuring runs to the top | evel nodel of BCEPS1009/034619

to generate a prediction of the nmetrology results for

t he manufacturing process. 12. The nethod of claim1,

7. Clawprethodhef dlaieh T.whngeio ples mathagatiead pradelsed thsfn progesssteps are

. step b whet her the top | evel nodel determ nes
paﬁml%ﬁggqggﬁggF@Qﬁas occurred during the process step. 13.

e nmethod.qf. claim 1 I,Si ti th ..
8 e Sdtaia by arin greapbi B 6R VB Rbrd SaFsssombinine
scores fr@RSpdMalaelst S af rAod¥p Eifthé A PrdcBsst JiéhsHal Mg mhihembtical model
nodel” associated with the plurality of process

of the mefrolagy dafabased on which variables are deternmined to
contribute nore significantly to a fault occurring
9. dileimgthed of daist 7,coepoisinglvemparing dats forsat dgast onkf thawe process

nmet hod of clai.m 1, wherei rqcess variables that have
seps 157 LGRS R UG HE T PG P G echerals
predictidtl GHEQd f6RHE nlaRufat@fhb Ppodelte top | evel mathematical
nodel” t han process variables that do not have a

10. Sﬁl;l{%ﬁ%%ﬂ%# @fc Tlg{n{mﬁ‘i\{ifhév?\ﬁg:t%e%l t {1'158& qay lcgﬁ‘%ﬁses]y@eld T@surements

e nodel s Creat’'ed by steps
from semiconductordvafers poorduced by pnooessreimdnufaviiuringruand noi se
information. 16. The nethod of claim1, wherein the
11. tIR thaked ofalhie Mpdongalsingadelpatingpath $esat peascasesof the n process

variabl es that affect yield of the ufacturin
steps f@fr%bm.entmuﬁa%%%wg Brihe F@a!?vfﬁ @@ﬂ%{ E_Fi%nrﬂtﬂ? geferate a
predictgggldn(%{rt?glﬁl%g_[)ﬂ)'gg) Jedufts for'Thd T @b éRiife ARREST S, the system

means for acquiring nmetrol ogy data for

. waf t hon : g

e

based @Cqhéthémtbe ¢t lavdl afiodzl feternahéd thatof fapht haescutad datih@the process
for a first process step for manufacturing

step. semi conductor wafers; c. a nodel generation nodule for

creating a first mathematical nodel of the first
13.  The method of claim 1, comprising updating the mathematical model of at least one

of the n process steps by adjusting a weighting in the mathematical model associated with the
plurality of process variables based on which variables are determined to contribute more

significantly to a fault occurring during at least one of the n process steps.

14.  The method of claim 1, wherein process variables that have a substantial effect on the
metrology data are weighted more in creating the top level mathematical model than process

variables that do not have a substantial effect on the metrology data.

15.  The method of claim 1, wherein the models created by steps c., d. and e. comprise

process information and noise information.

16.  The method of claim 1, wherein the top level mathematical model comprises process

variables that affect yield of the manufacturing process.

17. A system for creating a mathematical model according to a multivariate analysis, the
system comprising:

a. means for acquiring metrology data for semiconductor wafers at the conclusion of a
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process step based on the netrol ogy data and the
acquired data for the plurality of process vari abl es
w0 or09ttheesf i rst process step; d. neans for acquP€T/D§R009/034619
data for a plurality of process variables for at |east
a second process step for manufacturing the
s emiied PERASs O CMET @rmBanyfaetyingaaecesgener at i on nodul e for

. . . .
5, SRR PR ST S 6 RS Bl 0] i process s
acqfor heshutatdingeemidoadpdtor whfetsy of process vari abl es
for the first, process_ step; e. .a nodel q%’gnera ion
fod tHodek ganeration masdylefor preating %ﬁ%ﬁamag@m danodeh ebthe st
t he . ld :
e L Lo Ayt oyl K il e Bl o
f aprooeslvageables forrittenfirsoplotess step; creating a top | evel

R Sekeogh e ali SO JRL hFa K8

| eVﬁ['océE%tsfé?rfﬁf maAfaBRERS (HRARGRASASE Wiket Y R6AF @8feration
varl abl es that have a substantial effect on the

met mﬂmlgfomf@tinglesseCMH@mgmem%m@bmfﬁhq first penepss semippsed
R PR o R R e o R RO o it

| eve)r thOARt pldessrstiped by element f . to determ ne
whether a fault occurred during any of the n Proces

%t apodel generpiion syadudaiop eregling # 1 /mathspgtiraimgyich based %n_ the

Q)
P ORERF ey A SEREEH 0k of AL S0R AR oo e
of plosesnskPs; ader ei n t he processor nodifies an

operating property of at |east one process ste ed

n@ fedekenciakan w&ufeef%ﬁem topdeel A el hona B on
haS%‘iﬁé&*&l@@ @445 hQOHR I d BRI ARFHPLIORESS S Hethd Llthe TiBlevel
system of clfaim 19, wherein the processor identifies
whi ofathetatibal modet being based on those process variables that have a substantial

effect on the metrology data.

18.  The system of claim 17, comprising a processor for comparing data for each process
step for manufacturing a semiconductor wafer to the top level model generated by element f.

to determine whether a fault occurred during any of the n process steps.

19.  The system of claim 17, comprising a processor output connected to at least one tool

used to perform at least one process step.

20.  The system of claim 19, wherein the processor modifies an operating property of at
least one process step based on whether the top level model determines that a fault has

occurred during at least one process step.

21.  The system of claim 19, wherein the processor identifies which of the process

variables causes manufacturing yield to be below a predetermined limit.

22.  The system of claim 17, comprising a processor for comparing data for the first
process step for manufacturing a semiconductor wafer to the top level model generated by

element f. to determine whether manufacturing yield will be above a predetermined limit.

23, The system of claim 17, wherein the process variables that have a substantial effect on
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nodel based on the process variables selected by the
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