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DISCLOSURE OF INVENTION
.40 . In general, the present invention is directed to a method and a controller that allow the control of a CMP

process: by manipulating a-‘process parameter that is readily accessible, whereby the process-specific .

-3-



proceedi ngs for the AEC/ APC VI1I Synposium 2001, "A Conparison of R2R
Control Algorithns for the CWP 25 with Measurenent Del ays," Channess et.
al. disclose the results of a. conparison of three CWVP. m)delﬁs

operat ed under the condition of a del ayed rreasur enent feedback th| S

paper, the authors sho t hat redlctlv tro coul d
vor . s B RFERES oY 1 PR e PRI EAEO A Rp R oh b oy PG o
resul t sthe proer @it ifdetdowi th a certain degree of delay to the CWP tool. In

view of thi SAREﬂdfﬁgly afrtone ulihs&%{?ee&ﬁiodm@ntmfﬁtﬁu E&éeh&eimﬂé%ﬁ' a hRmetest Joﬁ@l)nﬁlgctﬁk as
t he nodel describéd in the 30 paper cjted above and/ or a set,

exper i ndgpisy! ’B"é][‘*’élci‘lop°é‘§3’(“’rga%f't S“B%"E% SURISES; soppirically ehipbyipe o fint é?‘é‘ﬂw@ BEpffed to
tse  suduGidtitalivey deSdribing ¥ reA6GoIIf betwedinan @rpolish tilafor iyt nagridtanér pad axb@El tadabidht ai n
the d t t

€ ESI ? "tix pfl“l}st r(x)l?(xjenah ?ax%h ndpéugg%%glﬁ' q aﬁg‘«%urhpgo ?%Qco%ngﬁ\ﬂg %ﬁém&&r%lﬁrg atﬁe?y

successt acilifies
consi d efleambml 8 r@qtlvléhlp befwpearihe QOPtfql yariable jRlajadrto 2 sqspnsmatialtlpyst and 2 centiobysrigbleand

r ]9 Pust feifed %Q&%ﬁcsmit&ral BRPbI aﬁﬁécaﬁtoedtastraw magcrvat & metﬁddﬁﬁBlUd&s&hel cawmmsesf tgar eat
efforts in ternms of oces nd co rati i.s thu

hi ghl y %Y8Peist fimepfthe %8 nﬂﬁf)% laaergPWﬂﬁﬁ“?ar 5‘8&5 ‘B‘?g? Lo ? rg Stﬁ‘i ol S?)CP Ocess
and conhdtailal Byes ttlerﬁrst\amxhetyazla@metenéu pecong smammyrpeqmetcredcmrghﬂ @luefor thy certrahdar d
of the \%190 §1§ g\g: &W@@%tﬁéseco};@ﬁatg{a@ﬁ?ep el cg%%mahm df §1e %5@%@%1 faGer ancﬂﬁ'et hod

t hat may east reduce, sone or of the afore- Ef&)l oned
pr obl oragntrol vmﬁlar%des@mefaﬂ nxgrNrYORE A P’aeﬁes atrbmfehaheﬁub% Atereekp & ion i s
direct aﬂtehmnsu vyed WeightainglovingCatrageo | Adelitiohdigt théllobeppblidhhineCaiTthe fidst mwdterial )P is

process ess paraneter that is readily accessible,
wher eb ad{ e%&e@ﬁcuﬂedo%g%};& %%3 - 6 DEC 2005 characteristics are descrjbed

by an enpi rueaprrhyg detaeﬁmﬁhehéusteawaﬁ@@me%awtha% ©f cenirgliings the |ghpisglo mechapigal
criti calonfnif of& hﬁt rﬁé@%ﬁon%@ltlﬁ Q kubfseb&%inﬁm;es eﬁgﬁ}faﬂgld@t&!m&fmolar}ex@nﬂﬁtyl peladi@térioat | ve
enbodi nent of sent ntion, of co tro g ateg og@er’q cal
rechan] G BT O RSt Sk eELE B RETOBEF e e ahh FPROAPRYIe ot i} 1 ot
sensit Iﬁiétdllﬁatﬁlﬁﬂ@éieweovéi Apesitilieyt pataineted Wis ebasiialiyiergnisd thedcmmtamlm dpscﬁl&s meen
AN, OV akiob be LhitR) filiilal L 3t llBh Phbilegh B Bfr AL A0 bl e de8bl Bt

rel ate tef’md ayer t al ni n? a second
2nsi ti Ebketoiy' ofhe S&?ﬂ‘;‘f‘ metaljzation lpyeref Wé’mfed“ﬂé%‘ﬂ“’cﬂnﬁ’& cantwbwaa%%%h wthermorgedhe, t he
cont r ol métidicairBesicait:dtiag!tht Gveﬂaoﬁshﬁﬁﬁd' FattRy firétimetalliy@ion Ryl fram @ Gindar mbdel/ta:{t aabl e

rel ate eco materi a yer edin rat e. t he
met hod Fﬁﬁfc‘r‘ﬁ‘a’gss‘%? H’g"‘l’:‘% e ﬁ,,,o gt “‘?‘ﬁ 5T ‘g\/e(f%’ffﬂf i gﬁ“ﬂf’? r‘r"%‘e’%‘f‘ e %93 lih

mat er i aimd efyigrprdceding sabsiratne Additinoally] thé prtvalielierpglish e obihe ¢l@1|mcqla¢ep1;§typvé P‘Pbelbl%a ed
to the ﬁ&ggrgdﬁgemﬁggdl&iatehaﬂ)é%hshtnﬂ@Tf irst sensitivity parameter, the
second ‘'sensi tiVvi t}lﬁe par aneter, b% d valu formtﬂg lgé:‘gnt r ol abI ,
tAe over pol i Bt W?’H@%’E‘bﬁ‘ﬂ et Féf’“t‘P dpr the fgm rf?ef}gfm?}g? ¥ & of
the s eCsnlsndatesadompr'nsed anlipyesectiam fbr triteging @deastiond ofuamsmbiy@amxedtqtaw me@smlmntgé% nd
mat eri gle, gtﬁl%fvaﬂ;blet Dfﬁtag LGRS RDhtiR £ 1ea B! ?H‘ov@x@ﬁmﬁ)ﬁtﬁé’ Rahinad lisﬁlﬂr i's

determ ne a wei novi ng_average. Additjonal . gg_\é‘g u:l time
of the Hperase %P‘%"r“ida’lmﬂb%iy &he qowtr °“%fd}“ﬁ’§’t QEPisgs & Rlculatiop é"lﬁi“’&tcé‘ai tf’ﬁ%f 441 i e,
15 AccadvelpslBh tite o b Witst liateridl | dyeiSkanat iler eniditierht the Enearahdéoldindides tatcerio] i ng
t 3"36 ch evrpﬁgi)?el reﬁ@(i:tg g @écgr?dl material layer other than the first material layer, a first sensitivity parameter, a second

sensitivity parameter, a command value for the control variable, the overpolish time of the second material layer,
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35 According to a further illustrative embodiment, a controller for the chemical mechanical polishing of a
first metallization layer in a substrate con-lprises an input section for entering a sensitivity parameter o, a
sensitivity parameter y, and at least one measurement value of a control variable Ej, wherein the control
variable Ej Tepresents one of erosion and dishing. Moreover, the controller comprises an output section for
outputting at least an overpolish time T, as a manipulated variable to be used to control the chemical mechanical

40  polishing. - Additionally, the controller comprises a calculation section configured to at least calculate the

» overpolish time T, for the first metallization layer from a linear model of the CMP process.v Thereby, the linear
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35 CMP process for damascene metallization layers in high-end integrated circuits is often designed as a multi-step
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40 erosion and/or the dishing and/or layer thickness of a previous metallization layer of the same and a preceding

-substrate. In this model, the process inherent mechanisms are expressed by two or more sensitivity parameters,
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controller 150. After the elapse of the overpolish time 7, the substrate 121 is conveyed to platen III, where

('D

35 polishing of the insulating material of the first metallization layer is carried out with appropriate process
parameters, such as shury composition, relative movement between the platen 116 and the polishing head 119,
bearing pressure applied to the substrate 121, and the like. In the embodiment shown in Figure 1, the process
time at platen III, also referred to as Ty, is determined by the controller 150. After the polishing step on platen III
is completed, the substrate 121 is conveyed to the output portion 112 and possibly to the metrology tool 130, at

40 which measurement results are obtained related to the first metallization layer, such as layer thickness, erosion

and dishing. - In various embodiments to be described, the layer thickness, erosion and dishing, alone or in .; ~
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process in cases where no final CMP step on platen III is used. As is apparent from equation 1, for a given Ep s,
e.g., the erosion of the first metallization layer, which may be obtained by measurement, increasing the overpolish

time T, in the first metallization layer compared to the first metallization layet of the preceding substrate 7, ,,
-
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In sub-step 224 T, o;, and T, are calculated for the case:

35 Ep,ﬁrs! +}/(Esecond Ep sccond) Iargel 3)




Efi, =EP,f,, +a\T.P -TP,0P)+f3(Z, -TPur) +[Y)(Esecofd -EP, seco~,d) (1)
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the internedi ate mani pul ated variables Top and T* are determined. In
sub-step 223 for the case when Ep,frrsl + r(Esec and - Ep,sec old) = EMz
el (2) 30 This nmeans the conmand val ue E, a,ge, is obtained w thout changi ng
the overpolish tine corrpared to the over polish time of theb @E%é{@ﬁii ng
substrate and wi t hout chan ng the polish tinme on platen Il conpared to
the polish tiasiBir ypansi- ePP of o taad Tprassaalsulatedforibaesst . Consequent |y, Top
is equal to Tp,op and T,, is equal to 35 In sub-step 224 Top and TAl, are
calculated for the case: E p fey + y(Esecond -Ep second )< E,arg,, (3) - 6
DEC 2 U5 That means the ergsi oq;a(!gd/ or— di Shl? Bhd/or l@yer thickness,
dependi ng on what E actual | §"Tepregefits, »8"'the first netallization |ayer
of the preceding substrate and the effect of the erosions of the second
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advance, corresponding to pr o?fess"?’éd’(u redents. These linits for the
overpolish time. and the platen Il polish time may be determ ned by
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secondsdmn@?@éd@ﬁmndawegpem(Sweidﬁ) The maxi mum and m ni num polish tines
on platen I T L T, r ivel may be selected tg appr Xi mat el y
120 seconds Shd*Hgel sEpmLze tp%g’ﬁ TP °Ptﬁ‘“'f‘¥1@e PesedRis AvsTRAHEh trg ﬁhla% t he
over pol {hs aten | ge poI ish time T111 are simul taneously

htime T d th
uked as W&H’%’%E fo 2lien T RplFtatipe:  » fts 1p be ppted;that when the seprmpempntfeslts pffe preceding

i nt er neslbsbe i @leUesond etalibtfon laVler SHCRspbdbRdly, HIEE cakBhatd® Fanft Qhere‘ﬂ?l thdidet thz'ltr{het he
al I owabl e ranges given- by the m ni num and naxi num overpolish tines and

pl at en fXpeciep gptiarhis equakip e desifedrsesion,tidnghe ibtermodise evipolish ten(l,, i elaienibpalisdi at e
overpolish finme Top and platen Ill polish time T1l1l are determned to be
cent er etimaf o sauespend tothel eNemolish timh &, andiplatep Bif golisigtiad nmme@remamgs;bsmhewm n at

the Sang Lahe 10 L QR hy y}géﬂ@xr%cehﬁ% &Fa%' %ed STl I}B)Fem O%Pc.gem

pI’OVI des t conman are m ne
é)191 r %P%pzmﬁgd %}atpadxpg-subqtpterﬁ) .m}t(yEld to the des:rgber@@g Fagh, thy mteEned@te (P8Hjsh zgesTo p
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by cal Ct!ﬂJ\e?‘hlifﬂgg %\erpe&ilwox?c{iﬁonsl JSi antdrzg) ! Ol | O\%rmgdlgg &)'ilsqxsnsnlxe(s) must yield to the desired

. erosion Ey., and must also obey the conditions (4) and (8). In particular, the secondary conditions (4) and (8)
ensure that any shift of To:, is not compensated by a corresponding change of the platen III polish time. A

25 corresponding behavior might possibly lead to a simpler solution in determining the minimal values according to
(6), but could, however, result in a control operation in the wrong direction for inaccurate parameters o and § and
thus destabilize the conirol function.

It is to be understood that in practice the calculations may be performed with a predefined precision and,
thus, any statement regarding the solving of equations is, of course, subject to a certain degree of “variation,”

30 depending on the algorithms and the tolerable degree of “impreciseness.” Therefore, the results of calculations
described herein are to usually be taken as approximate numbers, with the degree of approximation being
determined by factors such as available computational power, required accuracy and the like. For example, in
many applications, a precision in the order of one second for the overpolish time and the platen III time is
sufficient, since a polishing activity within a second leads to a change in erosion of an amount that may be well

35 within measurement fluctuations.
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1Top -Top (ToP -ToP 2 T;, T1 + m- m-4 Mninum 2 1T -T 2 (6) 30 wherein
the equations 4 and 5 are accordingly secondary conditions for finding the
mninmal ToP and T, . -6 DEC 266J In a simlar way, in sub-step 225 Top and
T,Il are calculated for the case: EF, Trst + Y {'secolyd - Eg,ggc ﬁgrl ) >E

Target (7) 5.This, neans that the erqsiqgn of the first nmetallization |ayer
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conbi nati on exceed the desired ero | e] Thus, the internediate
overpolish tine has to be sel eq,g;e 1” ﬁl ess to the overpolish tinme of
t he precedi ng substrate and the in g'rrredj'at laten 111 polish time has to
be sel ected equal or greater than th& pla% Il polish tinme of the

precedi ng substrate. Consequently, 10 Top < Tp,op , TAl ~ Tp, 11 (8)

Anal ogous toTtehellgt fut atio erformed in sup- step 224, also in this case
a ni ni mum of "FEIERPE e ‘?"8??’%8¥ fletermiged;on ppgmpigalkpsish ¢ he secondary condi ti on
(%) and (8). To qualitatively summarize the above sub-steps for obtaining

the inter nEdMé}E@velo\ﬁ%@m b§ Hotéd {ﬁgt t?x-é) Qetﬂ'lﬂ Elatbc\)ﬁ%f Ful% tlelg'xgzt? £tgre guegtbf cechﬂlen l l l

polish time T,, it be noted
the prePBEPRgaIE jHwE Fea'fl@d Wheﬂt%els e&smpﬁﬁdawqbkafor esqqmplaghe Pveu’PhSh time Tp, is
respectueseel y, the calculated values therefor, indicate that the expected

erosion is e i on he i ter i ate ol i sh

S e Top andvaift rolfinf (il b S0RE St BENALETa I ShTRRL St JEPREH ¢ 1 me
BRop a Pﬁllshfﬂéﬁaff falculgied frapnthe infmn«fﬁpte loverpyfishttime alplrtmdmnfgatsmlmﬂll actheh tmﬁcand t he
cases Whe Bﬁprlﬂ;ﬁ tﬁfe Gﬁd glatenv axlx worih frile driaR REERRALBG S URSE gstufé é:ond
rretalll oused va s‘n rrent ﬁlo sub trate 221 an f’le rece

substra lc‘]‘(x)' not “y7 el o ts'8°° apfation of fpe ‘élht“E? and the, platen HEPQ“FP( %‘P‘?T@cﬁ’%lt e

pol i sh temmn” OﬁtheOlee?xeh fimqvad th pleten Hhmtishtiive ofpedcetig setsteatesent er ed ar ound t he

m ddl e of thegalb@Bhles, roﬂ@ﬁﬁs?ramleingodu%t & DRwa ?&%bta%ﬁ;ﬁﬁ]e o€e§{oﬂs&1 kol 0 e

secondary condi tions. (5) and (6), i.e., the intermediate polish tinmes nust
yel d trdatqnﬁlép@elsilmteld stepp?3@ s Inofirsfjsutestep 2B itmaag be cikbcked wibbtyr dr e :Igoaldfmt THnge (4)

and (8). Be-?-ié cuI , the secondary conditions (4)_ and 8) ensur e that
any shl‘Y’fhmé’fe ?5; m(%%ﬂ&’ reent o escdsfined Bpbsininymepdmybugioverpplisy| at en
| | | poltinghardipipten 1A plsh ciores. eBy tagh mgilefined Bxigeq it MihyObd deROSS wldiigr dradCindr® ista

Sl RO [l LELRLL bl Aol Bl 3 UEPAGRGORL ulihe (b PU!

coul d, however, result in cont r&?]yg]ner atron 1n Ion for
i naccurpé'ia@et‘ﬁ%?ﬁ‘ﬂ@t”éiig‘“%?hed?mpf‘{'}dl&?m’ha‘teﬁhﬁg@@emlﬁmﬂm ze the control function.

e’ i s to be hunHess Dol skp2d, it haPbiidilate e 150k Glokd b ROEMIPcSs RAGLH Med
with a lel;deogj %L}l &go%egxyv%d iR kho unearnigmre” of the CMP process run under consideration. This indication is

to be taken as evidence that any unforeseen change of the CMP inherent mechanisms has taken place. It is to be

noted that the sub-step 231 is optional anid may be omitted. _
In sub-step 233, the overpolish time and the platen III polish time are calculated by means of a weighted
25 moving average from the overpolish time of the preceding substrate and the intermediate overpolish time T ; ,
and the platen IH polish time is calculated as a weighted moving average from the platen III polish time of the
preceding substrate and the intermediate platen ITI polish time T};, . As depicted in 233, the overpolish time 7 op
is given by:
T, =AT, +(1-A),,,
30

wherein A is a parameter in the range of 0-1. By means of the parameter A, the “speed” of adaptation of the
control swing with respect to the foregoing development of the overpolish times may be adjusted. Similarly, the

platen III polish time may be obtained by:

Ty = JUTI;I + (1 - ﬂ)Tp,m
35
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Epirst, Esecond, Ep,secona and the manipulated variables T,,, and Ty represent the mean values for the corresponding

plurality of substrates. A corresponding arrangement has been pfoven to be particularly useful in production lines
in which an already well-established CMP process is installed and the deviation from substrate to substrate within
30 . @ defined plurality is well within the acceptable process parameters. Accordingly, process control can be carried
out on a lot-to-Jot basis for a large number of substrates in a simple, yet efficient manner.
In one embodiment, as shown in Figure 1, the controller 150 performing a control operation according to
one of the illusirative embodiments described with reference to Figures 24 comprises an input section 151, a
calculation section 152 and an output section 153, wherein the input section 151 is operatively connected to the
35 metrology tool 130 and the outpnt section 1_53 is operatively connected to the CMP tool 110. When the CMP
process is to be controlled on a substrate-to-substrate basis, the metrology tool 130 and the controller 150 are
ix.nplemented as inline equipment so as to minimize transportation of the substrates and accelerate input of
measurement results into the input section 151. In a further embodiment, preferably when a plurality of
substrates is controlled by a mean value for the overpolish time and/or the platen III polish time for the plurality,

40 the metrology tool 130 and/or the controller 150 may be provided outside the production‘/line.
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and the platen 11l polish tinme is calculated as a wei ghted novi ng aver age
fr omth e platen Il polish time of the preceding substrate and the
intermediate platen |11 polish time Tfl, . As depicted in 233§t} )05
overpolish time ToP is given by: ToP = 2TOP + (1- A T,,, 30 wherein X is
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effectiyely than an process
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faw or Ubsils roce en the current substrate
1%1 andgl%é %g %r ece%l‘?%gdsglﬂg‘gﬁ ‘Q[?a%ons aiche W G tﬁ% r SPRee GPiE] gl the wyention, st ep

240 the 8@@P§&M@§ﬁmFWWém&H@@Pﬁ@ap#é@@hmmwwhmedealculated in step 230 are
transmtted to the CMP tool 110 in Figure 1 to adjust the correspondi ng
process tinmes of the substrate 121 that is currently processed. 15 In step
250, the substrate is conveyed to the netrology tool 130.to obtain

nmeasur enment val ues for the control variable. These neasurenent results nmay
t hen serve as Eseconc, Ep"tero"d, Ep for the calculation for a follow ng
substrate. As previously discussed, there may be a certain degree of del ay
until the measurenment results are available for the controller 150 and, in
t his case, advantageously the enbodi nent described with reference to
sub-step 222 may be used in which the sensitivity paraneters a and 0 are
given as paraneters 20 dependi ng on the nunber of substrates that have been
processed and that are to be processed, since then the controller 150
shows a "predictive" behavior and nmay output reliable values for the
overpolish time and the platen Il polish tinme even for a considerable
delay in the control |oop. Mreover, the nunber of neasurenent
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operations may be significantly reduced when such a predictive nodel is
enpl oyed. In the enbodi nents described so far, the substrate currently to
be processed and the preceding substrate 25 are referred to as single

substrates, but, in ,one illustrative enbodi ment, the current substrate and
t he precedi n@laigigbstrate may represent a plurality of substra§ 8L Z[Egéch as a
| ot of substrates, wherein the control variables Ef,,.,, Ep tn,, ,, ~d,

Ep"teCOLd and the mani pul ated variables T. and Tuf represent the nean
val ues for the coil GeRARdlDg, "@rtﬁé 'c{Ié{m%%l Iﬁc!fk%ﬁﬁircﬁtp%ﬁshj& 6Py Et?e{f@snﬁ{eng
arrangenment has been proven to particularry useful i n®production lines
in which an alefi®ddympeisingest abl i shed CVP process is installed and the
deviation fromsubstrate to substrate within 30 a defined plurality is well
wi thin the accept abiriming »iest sensiivifiwermmeter guanfitalivedy Jescribips aselationshipo| can
be carried -1 Q- ' . 25”[& in a
sinple, yet ggt%vieg]?%%? {’ér%é%l?]%rtm% F}o@%ﬁgﬁe%%rﬁ rlré%E g)e% S gé\%&{an&g?%aﬁe% %{d? t he

control | er 1oéntfdihasble rgdatad aothe figdt nepetabldyery according to one of the
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an input section 2BfRINREa secppd sASItYHY Paramed quantitatiedese®ipge section 153,
wherein the | : i | I nmet r ol ogy
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tool 11 Whentdriablagdfof the sdbstrsteiand beolteol variablekdlatdd tmna polished second
substrate-to-substrate basis, .the netrol ogy tool 130 .anq the controller 150
are i npl emeREkg2L@YPIYY dRIcerding RSt g fglefentmlﬁ?ﬁw‘ér%taagoptﬁ? Bt on of
the substrat gsianfgecel erate i nput of neasurenent results into the input
section 151. In a further enbodi ment, preferably when a plur ality of
substrates is contalollhtug thy oxcupobsh tirat ofthe dirstingenial daypofrosia linearemadel /obr t he

platen I'l'l pglish ti for.the uralit 40 .the netro .too] 130 and/or
Phe cont rol | tie B8mepliperiinidel o otfedtiptebtavieriid Jigttns PHRE iedies 780 °0 pec
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obtain the sensitiyity paraneters a apd/or_(3, which describhe the, ipherent
properties of the? B?tl*“éstg"oﬁmrﬁﬁh%‘ﬂﬂ_"@c g’BFheaﬁffat pafgrigldayes d@\&@%ﬁ%ﬁ}%@scap
performed O”mfea&a%iéa?gélishﬂ% JHfthe AsEAtE %ﬁ%sggﬁmgéi*mgtcﬁlcgfa&:@o @911&?&%9 are

no Ied an p

illustrative only, as thenvention may racticed I n
di fferent but equival ent nanners apparent to those skilled in the art

havi ng Jt.the bgnefit, of the _teachings herein. For exanple, the process steps
cet foPth abtve iy Bl GRRB] VIS G Ao athvegRRET PO L BAE O no
limtations go§ioh diSNAE hnt Mdiéieal BSkaihlickneds, construction or design herein
shown, other than as described in the clains below. It is therefore

evident that the particul ar enbodi nents di scl osed above nay be 15 altered

api Tt of cte i oo RSfod Relehdr RErEE Cuna RS FEtitink &k Bainin B ERofs s
set forth indishiag ah@idyer Redkdss by measurement of at least one of the first and second

30 material layers of the preceding substrate.
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-13 Cdainms - 6 DEC 2005 1. A nethod of controlling the chem cal nechani cal
polishing of substrates, the nethod conprising: 5 obtaining a first
sensitivity paraneter quantitatively describing a rel ati egsiiCgijsbet ween an
overpolish tinme for a first material |layer to be polished of a substrate
and a contrgl vaThéhkfol®felagfl 1t ¥htReh ddch oF theRbRkd] MarihBlySlepredéiitad ni Ng a
second sensitivity paraneter quantitatively describing a relationship

bet ween a comeppyalyafar giplealie| oftsubstragesa previ ousl y pol i shed second 10
material |ayer of the substrate and a control variable related to a

pol i shed second material |ayer of a preceding substrate and the control

variabl e rel gt ed The inbthofliof Slaim TR{vBEdedd the fiy® kénsRb/itg Parinate dependeveiapol i sh
time of the first material layer froma |linear nodel of the cheni cal

mechani 8al plestome afthsmeabss of sybsiratenthethavebdern praeespaskand thopymbrof t he 15
control vari I Lkst material l[ayer of the preceding
substrat e, tﬁgsﬁ?tsﬂh%{ggﬁé??\[)lt\%%?%%&p'ar aneter, the second sensitivity
paranmeter, a command value for the first naterial |ayer of the substrate,

the overpolish tine of the preceding substrate, the control variable
rel ated to tfe setbhiethadof claim|laybercyy the ghemigalanechprical nodshipg PLO§ES ol

vari abl e rel . tert al . i . strate,;
20 cal cul at i CESar SArH SOAH sEBah ot B Bhcrtort BMACRRER Qi 4R | 2
first 10mter adjlisthidy extra poldhaiheust i ng the overpolish tine for the first
material |ayer during the chem cal nechanical polishing of the substrate
corresponding to the cal cul ated overpolish tine. 25 2. The nethod of claim
1 wherein sakd co r : : i on,

i Shi ng, "and at or Pl lLas of ERNRE, REREPagHlRls (AAR AT peniS 20 ther

- conpri si ng dpdremetenquentitdtivelyatescrivieg @ felatiomship betwesth shie coptrahvhariablee and

t hi ckness by asure H of at |east one of the first and second 30
material | ay®t e’f}fal?(ﬁ‘g %‘P@cedi ng substrate. 14 - 6 DEC 2005 4. The nethod
of claij;m 1, wherein each of the control variables represents a nean val ue
for a plurality of substrates. 5. The nethod of claim1, wherein the first
sensi tivity Paranthemethodofi dknim i, frthescdnaprisingxadcudrtingtsaidraxire geligy time

substrates tpat havie been arocessed and t he nunber of
rom said linear modél.

9. The method of claim 8, wherein calculating the overpolish time and the extra

20 polish time includes determining an intermediate overpolish time and an intermediate
extra polish time such that a combined deviation of the intermediate overpolish time
and the intermediate extra polish time from a central point of a corresponding

allowable range is approximately a minimum.

25 10. The method of claim 9, wherein said minimum is determined under the
condition that the intermediate overpolish time and the intermediate extra polish time
change in a different direction when compared to the respective values of the
preceding substrate and under the condition that the intermediate overpolish time and
the intermediate extra polish time create a control variable value related to the first

30 material layer that is substantially equal to said command value.
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substrates that are to be processed. 6. The nmethod of claim1, wherein the
chem cal nechani cal polishing process conprises a final polishing step
carried out on a separate polishing platen with an 10 adj ugtﬂ%]@l@ extra
polish tinme. 7. The nethod of claim®6, further conprising o taqu rﬁg athird
sensitivity 1par apehethod bpedrtiofitrigBé Yhedgisslhdthhsical poRiiahg eMshisp bet ween t he
control variables and sajd extra polish tine. 15 8. The nethod of claim?7,
further conphicillizgtionlayer wtd swystsaie.dhemethedisompsipingi me  from sai d |inear

nmodel . 9. The net .l al m.8,.; i | ati ' r.Rali i me
A PRI PR I s B e A S e
overpol i sh t hiBvapslisARichd' TS BRDiInAh@ CRR Affer A leh@bift! iFBet8tEdlon Béntidl COMDI ned
deviation of the internediate overpolish time "and the internediate extra
pol i sh ©i me Vvarpblaleernlated tqibe first aietallieationdaysondi ng  al | owabl e range is
approximately a myninum 25 10.. .The nmethod of claim enein i 1 Ni mum
i s determ ned unqg?rle%ﬁgmgcaogga?lﬁq npe.{rﬁngztew]gxai ﬂ?ﬁéﬁ?@é{?‘é{t&é@c&ﬁ’ﬁ %%?I %cgo_fgll e
and the int egsmebl #hfabiiX EL 3, AelatedNo bis8Rnd @102tI0R 1878 bf 185Gk ratdidn@ @t | On
when conpared to the respective values of the preceding substrate and
under the cosetittal yariabhet), Ldaa rélated tathd isetond onatal hizitios hayter ofa prededinghe

i nternedi ate %{rra g%ish tilme.%lie te a control variable value related to
the first 30° &Fioq, ef%%l}g YIRS "$ubst anti al | y equal to said command
val ue. 195 - 6 DECcalBQ&tinglthe oferfBlighatm®T,, Foithe Birdt nitdallingioa N8/ &8in sMchani cal
polishing of a first netallization layer in a substrate, the nmethod

conpri si ng: Hedelthatrit fegstineludesithe {dlloyingteamst er a that quantitatively
descri bes an effect of anpoverpo]i ti used. in the CVWP after an
endpoint is detected on a %ﬁteélpﬂ’f‘}’g%@ér':]g@’g?%cf’"éf F’ﬁ‘f"g§’ed to the first

metal | i zat i owhbRYET,,,, HekhesVBrpolRRE tieSETRe prevdding ARDERAE LA EY, [i8#8e control
quantitatively describes an effect of a control variable Esecond rel at ed

to a second Heiakla ielaiad torihe Hgsematpflizatien laypsefithe pregedingsubstaferad vari abl e
Ep, sec rel ated the. s n izati | [.of }

substr g? e on the ?:egér)lcttltrhg?hevga?&éq?gg\%?ﬁhssﬁ%%o@g %ﬁﬁ%?ﬁ?%%tv glré)ggs\q/lgtﬁlggl ish tine
Top for the #urirgttheehahichlzatdihanichlaydichihg oMmhe firstiganllizaduddhydriviitheat | east
includes the following ternms: '"first, E p.ftrst, a(Top - Tp,op), Y(Esecond
- Ep, second) Subgf@ieei n Tpp is the overpolish tine of the preceding substrate
and Ep first is the control

12. The method of claim 11, wherein calculating 7,, includes calculating an
20 intermediate overpolish time T *op that would be needed to obtain a desired value Eyrger
of the control variable Ej,; and
calculating T, as a weighted moving average from the overpolish time of the

preceding substrate T,,,, and said intermediate overpolish time T, .

25 13.  An apparatus for the chemical mechanical polishing of substrates, the
apparatus comprising:
a polishing tool having at least one polishing platen;
an end point detector supplying an end point signal indicating the end of the
polishing; and
30 a controller for determining, in advance, an overpolish time for a current

substrate having a first material to be processed after the end point signal has been
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variable related to the first matallization |ayer of the preceding
substrate; and 15 selecting the cal cul ated overpolish tinme Top as the
actual overpolish time during the chenmi cal mechanical polishing of the
first netallization |layer of the substrate. 12. The met hod of DEl apm 11,
wher ei n cal Ckﬂ@iiia&‘g Top includes calculating an 20 internedi ate overpolish
time T*op that would be needed to obtain a desired value Etarget of the
control vari abl e whersin thandntoale nbmprisey a Talulmtiomsavtiby hoeftzunel/forvglcalater age

fromthe overpolish.tine of th recedi ubstrate Tpop and sai.d

e rodi at BRI RBHTL IR fineh a Dpe Mol ok Ui oalinh S (e THAGh %
mechani cal pgleipakikgf of substrates, the apparatus conprising: a polishing
tool having at |east one polishing platen; an end point detector supplying
an end point si gnatlledashdieef ¢rogjon, wzshemgianiflaydn ¢hiclneks sfithe fiyst arater@dlager of
controller for det.erm.ning, in advance, an overpolish time for a current
substrate ha@PH§® ngw@ira terial to be processed after the end point
signal has been 14 leasPohd6t 268160 kg B lay MAREIGIeEs S1EsceOit MAleliBlafRBPr | S€s

a cal culation section confi gured to calculate the overpolish tine froma
| i near nodel thewpneneding substrageyer pol i sh time is determined on the basis of 5

at | east one of ergsion, dishi.n d layer thi.ckness.of the.first terial

layer of a preceffi ﬁ%f?%%%‘i‘?g?l%‘% {i‘lrfge%[@tela%%g“@f“eésr %fstﬁ% fecogd E}‘ﬁteﬁ]ﬁl %ﬁg | ayer
t hi cknggs of ofths eaead siBiu@td, ahd | ayer of the preceding substrate, at |east

one of erosion, dishing and | ayer thickness of the second nmaterial |ayer

10 of the current ansempiricallydetemainedhseagibivity pammpted eapsesentiegiansiaherent vi ty

par anmet er repr i i.nherent mechani smof the polishing process. 14.
The appar at ugxeglfﬁ%%%h%g?h ﬁl}%%rggesébrrpri sing a final polishing platen

| ocated 15 downstreans of said at | east one polishing platen, wherein the
controller is adapted to determne the polish tine on_the final pold' shi ng
platen. 17 14 he apparatus of claim 13, further comprising a final polishing platen locate

15 downstreams of said at least one polishing platen, wherein the controller is adapted to

determine the polish time on the final polishing platen.
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