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UPCN M RROR | MAGE TARGET BACKGROUND GF THE | NVENTI ON As new gener ati ons of
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produce the L Bfocess result from given operational paranmeter settings.
In reality however, opghddi Mbvitfa dchanitRiAERhI0?hd RR¢tidnsngSeHY gatrid 0 a host
of conplex variables, not all of which can be reliably controlled by the
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oper ati onal ?P%r.am?ters of the fabrication tool from run-to-run in order to

conpensat e f nﬁ%ﬁqnéf’?]()lrmaftﬁﬁaﬁﬂlﬁﬂaﬁrr“f‘fti ng process results back to a

desired goal . Conventi gagldlipon HEESNMERI op&ratiGdVpdrBtieter, fé%ﬂ!»@i%aéffcﬁﬂ%ﬁfm ne
operating conditions at which the corresponding process results woul d nove
back i nto |i fRbrigatioq process upon a semiconductor substrate. The character of this fabrication

process is represented by process results 106a and 106b. Process results 106a and 106b
may be data measured directly from the changed semiconductor substrate, or may be
derived from data measured from the changed semiconductor substrate.

20 Under ideal conditions, fabrication tool 104 functions on every nun to
produce the same process result from given operational parameter settings. In reality
howevér, operation of the fabrication tool is subj ect to a host of complex variables, not
all of which can be reliably controlled by the user. Therefore, the performance of the

J fabrication tool will vary somewhat over time, and the relationship between given

25  operational parameters and process results will drift from run-to-run.

Given the small tolerances of modem semiconductor devices, it is
therefore necessary to adjust the operational parameters of the fabrication tool from
run-to-run in order to compensate for variation and bring drifting process results back
to a desired goal. Conventionally, the user is required to manually determine operating

30  conditions at which the corresponding process results would move back into line with a
desired goal. However, the act of generating operating conditions is frequently
performed non-systematically by trial and error utilizing operator intuition. Because it

lacks a consistent methodology however, correction of process vartation by
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is predicted utilizing a data-based modeling engine. However, the present invention is
not limited to controlling this type of fabrication process.

One embodiment of the method in accordance with the present invention

20  comprises the steps of determining a goal of a process result sought to be produced by
the tool, and detecting an actual output of the process resuit from a most recent run of
the tool according to an initial recipe. A difference is calculated by subtracting the goal
from the actual output, and a mirror image target is calculated by adding the difference
to the goal. A suggested recipe is generated from the mirror image target; and a

25  subsequent run of the tool is performed utilizing the suggested recipe to produce a
second actual output of the process result that is similar to the goal.

These and other embodiments of the present invention, as well as its
advantages and features, are described in more detail in conjunction with the text below
and attached figures.

30

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic representing operation of a generic semiconductor

fabrication tool.



These and ot her enbodi nents of the present invention, as well as its

advant ages and features, are described in nore detail in conjunction with
the text below and attached figures. 30 BRI EF DESCRI PTI ON OF2THEBRZIN NGS
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15
DESCRIPTION OF THE SPECIFIC EMBODIMENTS
The method of the present invention can be employed to minimize run-
to-run variation of a variety of semiconductor processes, including but not limited to
deposition processes, etch processes, and implantation processes. For purposes of
20 illustration however, the following detailed description focuses upon a method relating
to minimizing run-to-run variation in operation of a chemical mechanical polishing

(CMP) tool utilizing a data-based modeling engine.

I An Exemplary CMP System Configured to Practice the Present Invention
Figure 2 shows a simple schematic diagram of a chemical mechanical
25  polishing (CMP) tool 200. Tool 200 can be a Mirra® CMP tool manufactured by
Applied Materials, Inc. of Santa Clara, California. A description of a similar polisher
may be found in United States Patent No. 5,738,574, the entire disclosure of which is
incorporated herein by reference. CMP tool 200 includes a series of polishing stations
202 and a transfer station 204. Transfer station 204 serves multiple functions,
30  including receiving individual substrates 206 from robot 208, washing substrates 206,
and loading substrates 206 onto carrier heads 210.
Typically, each polishing station 202 includes a rotatable platen 212 that
supports a polishing pad 214, e.g. a standard or fixed-abrasive or polishing pad.



1. An Exenplary CMP System Configured to Practice the Present |nvention
Figure 2 shows a sinple schematic diagram of a chem cal nechanical 25
polishing (CwW) tool 200. Tool 200 can be a Mrra(r) CVP tool 2T&REB 2606.r ed
by Applied Materials, Inc. of Santa Clara, California. A description of a

simlar poli f i ' f 0. .5, 738,574, the
entire discl Z@ﬁ?tgbfé?ﬁr\gﬁ?%ﬁ??@gldf E%ugr@%}g‘?gy%%&?%g?%@ﬁgﬁgé arlbs% Slﬂéen%o I.Sh'ﬁll%’P t ool
200 incl udes statms 262 Oiropsdl 2shiingestoaairg BebstraR? 206 1betavetr palishiig stdtidh on 204.
Transfer st awﬂﬂém serves |tiple functions, 30 including receiving

i ndi vi dual s {reestenyayqngild, obot 208, washing substrates 206, and

| oadi ng substrates 206 RbAnAYpEiafbn BECHP B00T¥Ph-GRYENed & i shing
station 202 includes a rotatab eapI%lten 212 that sﬁ%plorts gﬁgh(t) }igshi ng pad

214, e.g. Ja Jehieded by mbof 20&andgiiacsd infe transferotitioni2fg. Peodn trangddt skEBn 2006
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substrate 206 Into contact wth rotating platen pol i Shing pad 224.
Slurry 220 i sudaspefisubstoate 230@esyitsrie theromnyal 22 fersint¢reluttoe nitarfab remafubgteate 214
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recei ve dat a digpefided slurry 220 from reservoir 222.
Tool 200 further includes sensors 228. Sensors 228 receive data from
substrate 206. Sensors 228 can be part of an in-situ monitoring system at the polishing
20 station, or can be part of an in-line or off-line metrology station. Data from sensors 228
is communicated to processor 224, which then determines process results of substrate
thickness and polish uniformity based upon the operation of tool 200. Processor 224
also contains circuitry for performing the method of run-to-run control whose steps are
detailed below.
25

II. Minimizing Run-to-Run Variation in Accordance With One Embodiment
of the Present Invention.

Figure 3 shows a schematic diagram representing the functioning of the
CMP tool of Fig. 2. CMP tool 200 receives inputs in the form of operational
30  parameters 230a-c. As shown in Figure 3, categories of operational parameters 230a-c
input to CMP tool 200 include platen rotation rate, pad pressure, and slurry pH.
However, these categories of operational parameters are merely examples and other

categories of CMP operational parameters could be utilized by the present invention.
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Figure 4 shows a schematic view of a feed-forward model for predicting

behavior of a CMP fabrication tool. Model 400 operates solely upon the basis of data
collected from prior tool runs. Specifically, desired process results 432a-b are supplied

20 as an input to modeling engine 404. Modeling engine 404 includes library 406 of
process results obtained from prior tool runs 407 under a variety of operational
parameters. Based upon process results 432a-b input to engine 404, engine 404
references library 406 and outputs modeled operational parameters 430a-c most likely
to produce process resuits 432a-b.

25 The prediction of data-based modeling engine 404 is determined solely
by actual data compiled in reference library 406. Specifically, modeling engine 404 is
limited to comparing the process result supplied to data in the form of specific prior
fabrication runs. Data-based modeling engine 404 does not attempt to generalize the
relationship between prior process results and corresponding operational parameters

30  utilizing a mathematical formula or equation. Because data-based modeling engine 404

| considers as inputs only process results reflecting a fixed desired goal, engine 404 will
repeatedly output the same process parameters regardless of actual tool performance.
Data-based modeling engine 404 thus cannot account for drift in the input-output

relationship of a complex fabrication tool.
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for vari ati onfpaddrotationgate bf 5.3r padawessune ofi 6t0sand IsbieerpH of h3 produces output
vector 604 of material thickness of 10.0 and polish uniformity of 2.4. The valves given
for the operational parameters 602a-c and corresponding process results 604a-b are for
20 illustration purposes only, and do not necessarily reflect operational parameters or
sensed etch results of an actual plasma etching tool.

Fig. 6 shows thé next step of run-to-run control method 600, wherein
output vector 604 is compared with goal vector 606 to generate mirror image target
vector 608. Goal vector 606 comprises the same two components (material thickness

25  and polish uniformity) comprising output vector 604. Values of the process results for
goal vector 606 are those sought to be achieved by operation of the tool.

Mirror image target vector 608 represents changed process results
providing a basis for prediction of operational parameters giving rise to goal vector

606. Specifically, mirror image target vector 608 represents the sum of goal vector 606

30  and the difference between output vector 604 and goal vector 606:

D mirror image vector = target vector + (output vector - target vector).
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results of goal vector 606 and out put vector 602. fference vector 610

corresponds toPIdussretsrence vesiewd I e Reaencs yegat 6\/1e'étﬂlﬁn cgopargddo foery datet or
606. Here, d'ﬁflef S’l@e rﬁﬁrgﬁ?&&t? file fﬁ%% Q@&nﬁlzﬁ)ﬁh'o? thdtRidL Q’Q@t&ﬁé 6‘?@ P&%ﬁﬂ%oo“ -0.1

(2.3 - 2.4 =-0 mat erial thickness conponent of =1.0).
prior process results corresponding to a variety of operational parameters

Comparison of reference vector 608 to library data file 612 generates
similarity coefficient 616 for each vector 614 of library data file 612. In method 600,
20 the value of similarity coefficient 616 is calculated utilizing the K-nearest neighbor
approach, as would be understood by a person of ordinary skill in the art. This ensures
that the least amount of change is made to output vector 102 of the most recent run in
order to correct for variation.
In run-to-run control method 600, calculation of similarity coefficient
25 616 is based not only on process results but also upon operational parameters. This
~ serves as a check on the similarity determination, ensuring that vector 614 producing
similar process results from radically different operational parameters is not considered
similar. Depending upon the method chosen to calculate the value of the similarity
coefficient 616, similarity coefficient 616 may discount or emphasize the effect of
30  similarity between operational parameters versus similarity between sensed etch results,
for reference vector 611 and individual vectors 614 of library 612.

Based upon a cut-off value for similarity coefficient 616 (here 2 0.94),

subset 618 of individual vectors 620 closely resembling reference vector 608 is



Mrror image target vector 608 is then generated fromthe sumof difference
vector 610 and goal vector 606. Here, mrror inmage target vector 608 has a
10 polish uniformty of 2.2 (-0.1 + 2.3 = 2.2) and a nmateri al 27 FEB2M$s of
12.0 (1+ 11.0 12.0). Mrror imge target vector 608 represents conditions

anti ci pat ed Bmpild o243 1daRI1i10% 12.034nsbi¥ R0 Rof Ardlfi phfhdifRinadn @

subsequent processing run. “In the next step of the rur-t n control nethod
600, mirror ilikelydo predugean vetpuiovec®d8orrespomtity toadirsor ithagetergat vartal60Bar amet er s

602a-c of initial recipe,602 5 to.produce reference vector, Qll. Ref erence
vect or 611I ils Ithen coI s pexss FR’BY%\@V aaegqqge%%acﬁpﬁgpﬁdggar %e 612

i's a conpi | atdfeibsef 61910rMéI HatRbd ¥REkiBRiRg Gbibhised2Q4h khln vEYy RpeiBE@SH resul ts
corresponding to a variety of operational paraneters. Conparison of

r ef er ence Jvech@rcleugios 9f pipprtighlar efgh processand/opoppsater prefssense.nin partieufar
coefficient . r . b [ 12. In t hod 600,
20 the value o Oggﬁn?n?&gﬂ%%%%g%g)f P‘?%Sfél@%%d %’fg&?gd%%g%%%f%%aégd ]?Rol%la} %’Pﬁgsttﬁﬁ

K- near est neitgtebarto acquunithe himitesityvonelfficiée desedibeditmod. by a person of ordinary

skill in the art. This _ensures _.that. the ast  anpunt, of .change,is nmade to
out put vector 102 of th elﬁg‘?gv?cé?:rér? S‘fbﬁﬁtélﬁ arthaR, n‘iai)ly@tgfl?%etp%?‘iﬂcevari ation.

| N _run-to-r urofdited VectoBs 110 ATHRAPeratiohd padbdeR ibmedtizh R tbhYine@obdibcéant 25
616 is based not only on process results but al so upon operational

par anet erl§. Tepresentsanggsstedgecipe fictkatopintended fnbring CMP pieqess backanioon,
ensuring thatco}ﬁ%%ﬁgwﬁ&}rogf\‘?e@%?%ﬁ@ simlar process results fromradically
di fferent operational pataneters I's not considered simlar. Depending upon
t he met hod chosen to c®8ased qioa atdoenpadancheofecnhinitial retiba602 ynd aggédiédci ent 616,

simlarity coefficjient, 616 nmay di scount or enphasi ze the effect of 30
simlarity bdf¥Re 4oaé1PaflPBhsa¥la ¥ hatiar oF ot rg Alierhe, pperptipna RAHRESES! sensed

etch resul t s,CMP @0l 601 EMEREEsUEOEk QA rebipd 6 BN bpieBstty b fiaveMaBLRF Shahkd Of
i brary 612. Based upon a cut-off value for simlarity coefficient 616 (here
> 0.94) 15 supflesting sgmeyariationoguinitia) esingr692 60MP Pl ynaversdizp Sugagstedf er ence

vector 608 i Sedoldad 5 0R0e 0 oAb LOL AN g (1| € 612, Subset 618
gp nost Irkely to

reflects tool operatin araneters produce an out put vector
correspondi ng to m rr oWheredeweasrgaiggesal ©eipd 624 islaxtredelyrséxilargd @ptialwei ght s
622 are assi qgc?ge é&, eaatfegis}oi?ldnilz\{jj tgeunax!czdevrﬁ)? ttoocliisfigslr?baexisting tool conditions and
suggested recipe 624 may be not be adopted by tool 601. The subsequent processing
20 run of tool 601 would simply implement initial recipe 602.
Where suggested recipe 624 represents a radical departure from initial
recipe 602, a serious problem with tool 601 may be indicated. Under such
circumstances, the tool may also disregard suggested recipe 624 and instead emit an
alarm alerting the operator to the problem. Conditions governing an appropriate course
25  ofaction in a specific case may be programmed according to preferences of the
operator or to dictates of a particular application.
If a decision is ultimately made to provide suggested recipe 624 to etch
tool 601, the next run of etch tool 601 will conform to the operational parameters
provided by suggested recipe 624. These operational parameters would be expected to
30  bring operation of tool 601 back toward goal vector 606. In this manner, run-to-run
control over the etching process is accomplished.
The method of run-to-run contro! in accordance with one embodiment of

the present invention offers a number of advantages over prior techniques. One

advantage is reduction in effort required by the operator. Specifically, based upon

8



of subset 618. The nethod of assigning weights 622 can again vary depending
upon 5 characteristics of a particular etch process and/ or operator
preference. In particular enbodinments, weights may be assi gnedFEB 2006

i ndi vi dual vectors based upon a fornula that takes into account the

simlarity cogséied Sitbudes el thSdinaRpMer iﬂ%@@ﬂ%@% Xﬁ%%%llgfcaﬁmﬁe%tbaﬁqﬂlg are

then linearly added to produce combined vect 623. peration
par amet er i nfrsegeasarenntosliing thsitoed Apedtiom pEgiblyl ppreyimesedisregadigass ed reci pe

624 that is int.ended to. bri.n rocess .back i.nto .conformty wth goal
vector 606. S(Iélg%lsutﬁﬁgﬁe%g%gﬁ%ﬁ%}@oﬁo%@éﬂte ELpY Wgepﬁré{oéégz%ﬁﬁlﬁe‘gﬁggest ed
r-eci pe 624, actafpishQinitdnidatrsl)ahddie operaftleart ead sbthbh@sigper at i onal
paranmeters of CMP tool 601. \Were suggested recipe 624 represents a

rel ativel Y mnor changeinosherdpperant advaniage of Gematiehinpeentdansr tvitl oneeci pe
602, CVP toole il By oHHe;drés@ntsiH%ﬁ%B?ﬁed&&f&h@ﬁn&ﬂnﬁiﬂoﬁ{&é}‘gfI%Hftté-‘?ﬁ!rge”t runin
Iation. sted recipe

order to correct *or var ere, however, sugge 24 is
extrenely si mohtol. tRyeviousdly,ahe tob bepepso504s, requickdco sianuallyedetdrsumesieraimg t o

di sturb existing tool conditions and. suggested recipe 624 may, .be not be
adopted by ¢ GOFRES 3t oD AR NER OS] 50 AL TgHe (hoP s o
simply i npl engif a Hédidel 3ball @TovReel G ackbdefeatifgarhPerathis BshddtddhshRRr esents a
radi cal departure frominitial recipe 602, a serious problemwth tool 601
may be i ndi cdresgentliwrraforaed hy trdl pedifrEerdn @ @en-sysiemitisor areecarssdhli sregar d
suggested re oH@en@i%ﬁalqg&ﬂc{ﬁétlaecﬁgd & Wodsidtdhe hﬁﬁgi'ogt,%roygag%ntcn?trg&g ator to the

e of a

probl em Conditions governtng an appropriate cou fon in a
speci fi ¢ casevanayorhwapinogsisae troacronstoiring tdod-tgroel,anhd newrso-akert he operator or

to dictates of a particular, application. If a decision is ultjmately nade to
provi de suggested reci ;\g“gﬂ? I{ggse@‘t‘gﬁe“tpﬂorlunﬁﬁ'{‘,m‘E‘Wémﬁ'éﬂ"mmﬁﬁedo‘%%etch tool

601 Wi Il confiRefdihed 4de6rddieiodb|eefivd vARRbREIBIE 8 mdahiavd fRdeRYetitgagshed reci pe
624. These operational paraneters would be expected to 30 bring operation of

tool 601 lPackPredsigiminegcapl vBus enprepsh leadp ta gansisientmanipulation efghe inel ardiet r ol
ouet e ot IR R AREOTPL| Shed, e rethod of Tun-te un contro
of advant ages over pri dthemeshnd iguesord@ee withdnaeinhgdimest oftbeiptesem i n ef fort
required by tirq‘?en%gg Ea. slc") %E'fers%gee §JJaLt%§é l)%/ ihcr%gs%ggesgggsri]veness. Rather than requiring
the operator to measure process results and perform adjustments based upon manual
20  calculations, the present technique performs these tasks automatically at the conclusion
of each fabrication run. The operator is provided with a suggested recipe almost
instantaneously, and has plenty of time to consider other factors in deciding whether or
not to implement the suggested recipe in the next tool run .
Having fully described at least one embodiment of the present invention,
25  other equivalent or alternative methods for controlling a semiconductor fabrication
process according to the present invention will be apparent to those skilled in the art.
For example, while the present invention was primarily described above in conjunction
with run-to-run control over a CMP tool, the invention can be used to monitor and
contro! a variety of other semiconductor fabrication processes. Thus, variation in
30  results of a plasma etching process over a succession of runs could be controlled in
accordance with one embodiment of the present invention. In such an embodiment,
process results such as removal rate and etch uniformity could form the components of

the output and goal vectors employed to calculate the mirror image target vector, with



8 27 FEB 2006 observed outputs of the tool, the mrror inage target is
automatically calculated by the processor controlling the tool. Apart from
possi bly approving or disregarding the recipe suggested by tReFER 2298, no
manual intervention by the operator is required to acconplish run-to-run

control, andopbration patameteedduch @ tisanthidr pichtire, t@fkGatufe, ADRP @bweRSmiaNt
advant age of the nethod in accordance wth one enbodi nent of the present
i nvention i s SPEAMRART thesugsesied 160k ty of run-to-run control . Previously,

the tool operator vas Reguled,di dBRNALY: ARLALN ASVORLARLAI AT ATEL e

at which the correspondi ng process results wuld nove the too inline
with a desir edogssior cdﬂmﬂu@mmﬂbmramanbn gmeohmsedgo ﬁulhnhatopeeratcm@ctor

condi tion s 0 f erf al .and error

et a3t dBviggschaaat 1L of pRSTahel Tt thetrke SpuB RS B0E for ifhddo Bnsi st ent
net hodol ogy tﬁﬁrdfaslsmdano@f GRERSRTSof a\mﬁoatm%m%ét fr61a QR SLHhesd 4 gaum
run-to-run, t ool -t o- t00| and user-to-user t he pr esent | nventli on,

run-to-run c6PRAGE ufilized o srarelyagptipn Horlies typee obrOBrE NN e Bisitlendt wedd
vari abl es sugg ?émﬂ}?@ﬁﬁ‘ﬁrf Péo(r)?a%?ﬁle ?%hﬁv%’&gﬁa 15 predetermned goal. This

approach | eads consi s I'on o e tool and to readily
reproduci bl e resul ts. ]}heddnmdmdule meqnesendammmomls fesorite=ddmbothicatod with at he

present _invention also offers {he adyant reased .r esponsi veness.
Rat her tH8n Pé‘lfﬁ?sr‘?l?éf?edt‘ﬁ@zﬁ‘&e’r Bpase “??Qg]g‘lﬁeélgﬁ‘reog’é%es%téﬁﬁ' OB %Ber f or m
adj ust nents iased PR a"fﬁfﬂéb%é Rh- %hﬁ%ﬁ&él%@rabﬂ&@ed@hﬁﬁl@&ﬁ b&%%ﬂ'e@tlff
perfornms these tasks automatically at the conclusion of eaCh fabrication

run. The operHedtypesofinoddliagdnginesraldasplesserstriseddn pecosdappswith the present

i nst ant aneou%lH)é &Pd has plenty of time to consider other factors in

deci di ng whether or not to inplenment the suggested recipe in the next tool
run . Having fully des®uithethosad, wlhelaﬂ‘te mﬂhocbﬂhiashnbemhmﬁng benepatemerit

i nventi 03 25 ot her e ui val en%r rnatl \{1?3 t hods f.or nt rolling a
sem conddet oMITghiHags S?f vepiPh 8’%‘&“%& VBRI é’%‘r‘é"?ﬁi‘é‘s‘éﬁ‘i"’ HUBRI8h wi | |
be apparent tgadkhasss §1§b hbﬁéqueatb@ﬁh@ﬁksem E@en@fﬁnmieqmlrmhtrh@getda@topem@nt
invention was primarily described above in conjunction wth run-to-run

control over bagenarated fpm quitpnt iand seal iverions aeflasting thaer. formsrevenN differentcontrol a
variety of ophaL. SedhE MY feWurdu YohC BittePihcl) A8 GHRES imakl i getWRELAL 1 ON 11

correspondingly plotted in N-dimensional space.

20 Moreover, where a data-based reference library is used to generate the
suggested recipe from the mirror image target, approaches other than K-nearest
neighbor could be used to determine the similarity coefficient from which the vector
subset is generated.

In addition, the method described above may cause oscillation of

25  operational parameters and sensed results between suggested recipes over consecutive
tool runs. Such oscillation would likely occur around a desired goal that is never
precisely met, and may be attributable to features of the modeling engine rather than
actual run-to-run variation. In order to eliminate such meaningless, repeated cycling of
process parameters, the method may include the use of a damping factor.

30 For example, in the method described above in connection with Figure
6, a damping factor could be utilized in generating the mirror image target vector from

the goal vector according to Equation (II) below:

(II)  mirror image vector = target vector + A*(output vector - target vector), where

10



30 results of a plasma etching process over a succession of runs could be
controlled in accordance with one enbodi nent of the present invention. In
such an enbodi nent, process results such as renoval rate and2@¥&B 2006
uniformty could formthe conponents of the output and goal vectors

enpl oyed to calculate the mrror inage target vector, with 9 2'7 FEB 2006

operational paraneters such as chanber pressure, tenperature, and RF power
fornm ng conmpdRiisEetoF danping fapiesof betweer P gad 1 ppd eblpets anvipriperepeaiedret hod i s
descri bed abgyg,i nﬂﬁQHgﬁﬁﬁﬁHBQ?ﬁbp BceRi-@ress for controlling run-to-run
variation in a tool Used to fabricate a sem conductor 5 device such as an

| C or flat panel displ @yventthealmvedetatled desendtionrofitls: pretent invedtad and thehi s t ype
of application, Geperatjon of a mpor | e target froman outpyt and a gnat
coul d be. dit | VEEOL SrEeHImPes dgskripe (OTRAItSE FEHVAIGE R ESUeRE Vlhd { he
met hod woul d theSiridbisidb8 BBlRdutidbss dnden®ELRBIORYS ark MGeRicAI6BE idchMeDtWi@h | N
addition, while the present invention. is described in connection with a 14
process nodeksdcopd ¢fithé prgsent dhwentitiase, nodel i ng engi ne, the present
invention is not |imted to such a process. Run to-run control over a
process nodel ed by a varies of other types of nodeling entities could be

al so be exercised in accordance with the present invention. Furthernore,
while the method is described showi ng generation of a 15 mrror inmge
target vector fromthe goal vector and output vector in two-dinmensional
pace, this is also not required by the present invention. The mrror inmage
vector could - be generated from out put and goal vectors reflecting three,
four, or even N different process results, with the output, goal,
«difference, and mrror inmage target vectors correspondingly plotted in

N-di mensi onal space. 20 Moreover, where a data-based reference library is
used to generate the suggested recipe fromthe mrror imge target,
approaches ot her than (nearest neighbor could be used to determ ne the
simlarity coefficient fromwhich the vector subset is generated. In

addi tion, the nethod described above may cause oscillation of 25 operations?
paraneters and sensed results between suggested reci pes over consecutive

11



tool runs. Such oscillation would Iikely occur around a desired goal that is
never precisely net, and may be attribute to features of the nodelling

engi ne rather than actual run-to-run variation. In order to 21FEB280& such
meani ngl ess, repeated cycling process paraneters, the nethod may include

t he use of an danping factor. 30 For exanples in the nethod described above
in connection with Figure 6.. a daming factor could be utilized in
generating the mrror inage target vector from the goal vector according to
Equation (11) below (ii) mrror inmge vector = target vector + A ((output
vector - target vector), where j esents a danpi ng factor
of between 0 and 1 and reflectstﬁgmégggmﬂ uctuation of the
results of prior process runs. G ven the above detail ed description of the
present invention FRUN-FORUYN (CONDROAUDUER SEMIEQONDECTOR i n, t hese
equi val ent s anBRAOCEHSSINGEFOODLBASED UPON MIRFBOR IVPAGE FARIGHTes and
nodi fications are intended to be included within the scope of the present
invention. | 11 27 FEB 2006 DESCRI PTI ON OF REFERENCE NUVERALS ON THE

DRAW NGS 100 ~gedf3(RIPEHONIHNI BEFERENATT NEMERMALE (Y EREIBRAVINGYeneri ¢

oper at i onal aneters . - | A j rod 106a-b generic
process resuﬁt%? 200 g{l':ﬁ?%‘°t585ﬁ“g’§3§&b‘§%{’ﬁ%ﬁ?§?géﬁ’gti ons 204 transfer
station 206 19abstrat e geRéifk opepdtiohalphthmetas ri er head 212  plater -~

104 generic fabrication tool
106a-b generic process results

200 CMP tool

202 polishing stations

204 transfer station

206 substrate

208 robot

210 carrier head

212 platen

214 polishing pad

216 carousel

220 slurry

222 slurry reservoir

224 processor

226 memory

228 Sensors

230a-¢ CMP tool operational parameters
232a-b CMP tool process results
400 CMP feed forward model
404 modeling engine

406 data-based reference library
430a-c modeled operational parameters
432a-b . desired process results

500 actual output



214 pol i shing pad 216 carrier 220 slurry 222 slurry reservoir 224
processor 226 menory 228 sensors 230a-c CWMP tool operational paraneters
232a-b CWP tool process results 400 CWP feed forward nodel274EB 2o@te! | i ng
engi ne 406 data-based reference library 430a-c nodel ed operati onal
paranmeters 432a-b i aﬁiﬂh&iféﬁ t out 27 FEB
21191 RU =TO RUN cﬁﬁo@%@%ﬁiﬁ %ﬁ%@%@ﬁ?@&m UPON

M RROR | MAGE TRRGCESSINGATOOLGASEIFRRON MIRROR IMAGE HARGNKSE
(CON T) 502 desired fixed goal 506 mirror inmage target 600 run-to-run

control nmethod 601 CMP tool 602 initial recipe 602a-c initial operational
paraneters 544 output 'vector 604a -b process results

DESCRIPTION OF REFERENCE NUMERALS ON THE DRAWINGS (CON’T)

502 desired fixed goal

506 mirror image target

600 run-to-run control method
601 CMP tool

602 initial recipe

602a-c initial operational parameters
604 output vector

604a-b process results

606 goal vector

608 mirror image target vector
610 difference vector

611 reference vector

612 library data file

614 vector of library data file
616 similarity coefficient

618 vector subset

620 vector of vector subset
622 weights

623 combined vector

624 suggested recipe

PA 3087391 vl



606 goa) vector 609, mrror inmage target vector 610 difference vector 611
ref erence vector 612 library data file 614 vector of library data file

616 simlarity coefficient 618 vector subset 620 vector of VZEtFBB2006set
622 wei ghts 623 conbined vector 624 suggested recipe 2 27 FEB 2006 WHAT IS
CLAIMED IS: 1. A nmethod for mnimzing run-to-run variation of a

sem conduct or processing tool, the nethod conprising: determ ning a goal of
a process llhlléci%%Dtlé)' be produced by the tool; detecting an actual

out put of %S’F‘Eﬁ“ froma nost recent run of the tool according
to an initial recipe; calculating a difference by subtracting the goal from
the actual output; Acatethddatfong@nidiniizingofun-oagR Vdfagieh of aademitgndustr

difference to the goal; . generatjng a suggested recipe fromthe mrror inmge
t ar get byp%ﬁﬁg}gitﬂ%’ &ﬁé’?“tﬁ"fdr('(?mmsﬂé’g'e with a data library of prior process
results and Cﬁétéﬁﬁ;ﬂﬂg@g%glcﬁpa raldsORRdIt Rﬁ%ﬁi’*&%tbﬁﬁﬁodu%‘d‘@iﬁ%'t&ﬂ; a subset of
process results and correspondi ng operational paraneters fromthe data
library based dgfesting agiactuaheutpyt ofithdipiobess mésult drom amypst reaergetn obihd toddonbi ni ng

;23 oper agéc%p(%}lg%agnaiplﬁliaﬁregipg; t he subset to produce the suggested recipe;

calculating a difference by subtracting the goal from the actual output;
calculating a mirror image target by adding the difference to the goal;
generating a suggested recipe from the mirror image target by
comparing the mirror image with a data library of prior process results and
corresponding operational parameters,
generating a subset of process results and corresponding operational
parameters from the data library based upon a similarity with the mirror image target, and
combining the operational parameters of the subset to produce the
suggested recipe; and
performing a subsequent run of the tool utilizing the suggested recipe to produce a

second actual output of the process result similar to the goal.

2. A method according to claim 1 wherein combining the operational
parameters of the subset comprises:
assigning weights to the subset; and

linearly combining the weighted operational parameters.

3. A method according to claim 1 wherein generating the subset includes

calculating the similarity based upon a K-nearest neighbor approach.
4, A method according to claim 1 wherein generating the subset comprises

determining similarity utilizing the operational parameters and the process results of the

mirror image target.
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perform ng a subsequent run of the tool utilizing the suggested recipe to
produce a second actual output of the process result simlar to the goal.

2. A nethod according to claim1 wherein conbining the operat30REB 2006
paranmeters of the subset conprises: assigning weights to the subset; and

| i nearly conbining the weighted operational paraneters. 3. A nethod
according to claim1l wherein generating the subset includes <calculating the
simlarity based upon a K-nearest nei ghbor approach. 4. A nethod according
to claim1 wherein generating the subset conprises determning simlarity
utilizing the &peraAinnﬂbdpammﬁﬁhgrm alaon t hefuphac esmprigsg| dompafing hthe i rror

i mge tar accordin o claim3

12 27 FEB 2 t t
conpr i 51 ndRESHEAFRF SY e IgGiEb aesibe BeABETHRT FVEEHST (O A9 o BREEFBeTE o

det erm nesm&idéﬁ{ruﬁfofﬂfé&o&l%tﬂ@fn@%dﬁub@@te&é@ﬁ@qUent run of the tool
utilizing the suggested recipe. 6. Anethod according to claim3 further

conprising enploying a danping factor to elimnate repeated fluctuation

bet ween t he saﬁgl a%qﬁﬂh&j aécldgﬁ egaﬁ’pglf@%?ﬂ CB&B%{% ki#%r se ﬁgmet hod

according to c erern oyln

mul ti plyi fgtdrhte efinfifize ee’;feetebwlmnmnexi ﬂJBMeemttheaﬁanhnahmhmoDswgdstéd beimes e addi ng
the di fference to the goal. 8. An apparatus for processing a substrate, said
appar at us TOBHPITEMSg: a substrate processing station; a sensor operatively
coupled to said substrate processing station to detect a sensed result from
the substrate; a conputer processor controlling an operational paraneter for
the operation &f séi me@p@aacmrdmg nelaim Gewberpinc onployingt ® dgmipingc Biont er

cont 1 of | {3l IR ThOGiitnde SOTRULAIInPEPRIAT 0 oFE TS o5BAG2D! ©

format i nc? ing co 0 con appara
the difference to the goal.

8. An apparatus for processing a substrate, said apparatus comprising:
a substrate processing station;
a sensor operatively coupled to said substrate processing station to detect a sensed
result from the substrate;
a computer processor controlling an operational parameter for the operation of
said apparatus; and
a memory coupled to said computer controller, said memory storing a computer
program in computer readable format including computer instructions to control said
apparatus to,
a) provide a goal of a process result sought to be produced by the tool,
b) detect an actual output of the process result from a most recent run of
the tool according to an initial recipe,
c) calculate a difference by subtracting the goal from the actual output,
d) calculate a mirror image target by adding the difference to the goal,
e) generate a suggested recipe from the mirror image target by generating
a subset of process results and corresponding operational parameters from a data library
based upon a K-nearest neighbor similarity with the mirror image target, by,
comparing the mirror image target with the data library of prior

process results and corresponding operational parameters
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a) provide a goal of a process result sought to be produced by the tool, b)
detect an actual output of the process result froma nost recent run of the
tool according to an initial recipe, c) calculate a differenc¥ BEB 2006
subtracting the goal fromthe actual output, d) calculate a mrror inage
target by adding the difference to the goal, e) generate a suggested recipe
fromthe mrror inage target by generating a subset of process results and
correspondi ng operational paraneters froma data |ibrary based upon a

K- nearest neighbor simlarity with the mrror inage target, by, conparing
the mrror image target geanefatihfethdakubskt wfapyoceds pesubs andr @omsspondiagl t s and

oPoceas T e SRER A LSRR B A TS TBab wra e S et rea e
l'i brary bm@hém%r%lk{%d}g%@@%ﬁd nei ghbor simlarity wth the mrror inmage
target, and conbining the operational paraneters of the subset to produce

t he suggested recipe; annibinipg theoomerationaltporaasiers of the sybset keproduge thei | i zi ng

t he sugge ipe t produce a second actual output of the process
result thg'%gglgsst&gll%ﬁﬁ?aarnﬁto the goal. 9. The apparatus of claim8 wherein said

substrate processi nf) prifairh @nsubSeqaentpuA Sifthectooh utilizing) debaiggesidd redipe t@ppar at us
of claim9 wherein the process result conprises at . |least one of a renoval
rate and BYPdBEchseaRnd astual pytputiof therpracesp prabls that s stmilarde thegother ei n sai d
substrate processing station is a chem cal nechanical polishing station.

12. The apparatus of claim 11 wherein the process result conprises at | east
one of a materP.al tHieckprastusaoficlainp§l whércinrsafdosubistrste pracessing station is a

plasma etching chamber.

10.  The apparatus of claim 9 wherein the process result comprises at least one

of a removal rate and an etch uniformity.

11.  The apparatus of claim 8 wherein said substrate processing station is a

chemical mechanical polishing station.

12.  The apparatus of claim 11 wherein the process result comprises at least

one of a material thickness and a polish uniformity.
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