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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
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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 comprises an input section for entering a sensitivity parameter a, a
sensitivity parameter y, and at least one measurement value of a control variable Egy, wherein the control
variable Ej,, represents one of erosion and dishing. Moreover, the controller comprises an output section for
outputting at least an overpolish time 7, 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. 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
process, where, for example, as the last step of the process, after the metal is removed, polishing operations are

performed on the dieléctric layer. Accordingly, by adjusting the process time of the final polishing step, the

degree of erosion and dishing may be controlled. In order to reliably predict suitable overpolish times and/or

process times of the final CMP step, the inventors suggest a linear model of the CMP process that is based on the

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,

-5




15 While the invention is susceptible to various nodifications and
alternative fornms, specific enbodinents thereof have been shown by way of
exanpl e iwotobe73rmW ngs and are herein described in detai Ipcnusoymmd be
under st ood, however, that the description herein of specific Fb s S
not i nt wridieery e déterpined t}h@Ptrw@ﬁﬂtfetrfalf‘Bamt FRS' SERFIPPEU RS B FIHS © dé‘t‘eB‘Se but
on the gy af e sehshﬁllty Birﬁﬁ'ﬂtdrm ndt Sriticol forcv@tcestul canpeiobérgmh ders ¢ “wbfunyisted ht S,
and alternative | iPle as
defi ne cheP)%n (,?'tthe con%ro 1%1(119 %1 gll'h\(t\ﬂ %(Ql'trﬂ‘%g)hl% 1’?\1@1’1&01141 céﬁlt}gl sﬁ“&%g%s & e)tanlﬁle lﬁﬁ%ﬁ%&ﬁ# T ON
11 st rbeehevaendsristoupitharpaicaioninie PR o é?aéllywé%?@t‘tlec?éﬂprb%ﬁe’éﬁﬂlu%ﬁlet’t?éess

| Bt er esfa et bRkdidckd aﬂ@gmﬁﬁﬂulaﬂce@@hhﬂl@Sfth@cfonﬁdl opeeditkal i pl ement ation are

d bed in_t hi L ithhe
tbe devel IoBWE%Ifesf%?“E B l'lﬁé"h atg?lcat fsm‘ﬁ" tpol 393 ”%r%% ré%es%eéﬂﬂt &) A& Hiake T N

i npl eneitibsattivo emisPizeit decribed hedionis Fianstl, b@h?‘mﬁ%"lﬁ‘b of o %@P‘ﬂ’ éX?@mtl Pois derjeerdother s
speci fi fystgﬁ)%oscomﬁm aac?MF Q)Gpi o adﬁlﬁ&rowgi {aotsms e Cﬁb&b@ﬂu@n@b brhs ionvepsiseined at ed

constrai'nts, 25 which var t|on t o .an
Nbr eov efclude anpruf P%@“é&b@éﬁ"f’%\‘f“}e’%‘ etsﬁggttrat% f?ctﬁ q’POC r?énﬁtlt poril QE? Of KceiPe e

conpl exandnaribd sEBst@BN skemitegCMb ptoces0is Icctnpimﬂerfﬁtéﬂé% @Obéloafulttf@mqmnese&l AREEESBKI ng
for t hoéﬁml%i 13‘%&%&? rt}ffee%lé‘hghing bl@teﬁsh% 3{4 anfl @Vd %cﬁ i€ algﬂ@@xfrédtto prlateh ILplaten 11,

di scl osure. mbodi nent's. des bed so E]g 51*“8 118
enbodi nﬁﬁtp@tetl HhtreswcweIYbétEfé%&frttewéﬂ&nt H4tHe an thr %Bﬁdr‘ialda‘f“éer s PRE
findi ngartd Ilaﬁohdhfng ihSad 1OS Sk Ptoided Armiarch dl, A melasstameny maand 120 io siramgedahd pafigrdddd

| ayers Lo @8 e en% 011'th 3t rﬁ/ttueFrm?elsjsC r&*’oﬁﬁte rlﬁ(%%h Lﬂnﬁﬂt& %Y lﬁf?t){&rn%ans%cfu‘?édnfo; by set

tolerances propria e over time in_a CW cess.
Gémonl ylbstrtat%fr@vtbﬁ plélllt iperkort | o Rlaﬁ@ﬂc‘é &8 plafsaf topfaifa Hp@‘rd POY: Fsorell dhiny H‘e{?‘ﬁg"
process febding gﬁs‘amlqmeﬁdﬁfs veter, QurfYRAS the Bkt ndlasided di thadradng hat the materi al
|'s renoved a&; ceﬂelgé??ng% éhbrgtra? liﬁg ngnh ?orrlngépee oﬁeu QIS Jhgrg%%falhza-tlt_lax? Tla'%r? %eﬁﬁclfg& to the

detectlngth peci region Is also re erred to as
endpoi npolidetgaetd aiplatend. s @shsaqueaythatéhmquwetd 17 lnreprRgenthp FEBEE cgbsie fr #48ich a
manuf acfihuied T\Tzﬁia%ie lok @ Edn@B1L JrRY:€ EoSve dBAAIIRA VA be c3tablidlic@Mhd isSthy menkplagii nedblet he

35 CWP process for damascene tallizati [ d
A% cui t ?Plieieméf‘ p@ﬁesﬁ%@ﬁmﬁﬁ%ﬁhoﬁ% alue mlane%l C%o obta1X gl %esxred vq ugg'f a C@I?Té)?_ &El)%%é&%{& as

t he | asts gdhiap eofsiot el tpr foeldsst thignesy Atmv@allmttoallaytryf ﬂlemww 12bt§lﬁt i%{bp gumedi-

oper at | QLS e by B rCWtUEﬁ d100 algﬂ@felgéd% %@tﬂidt ﬁletlalﬁbhﬁén layRE Wﬁé’rdﬂs BgInétallidytion layer
adj usti ngtht he process

degr
er osi on S“Bﬁ'tr%tﬁ |l?'tlg““fjr%{9’m§ g‘e(,ﬁf)sﬁt“f’t%}”fag?i‘a[ayle‘ﬁ lc?fédy %d rtqgiﬁb g Fﬁp roc% (§foi8ea
sui t abl & v edcpalniesliizitiomigera Naifeover, aprsoesegs th'@tI hpspaireagty beeh eubfepthfh‘lo CMPPS @f‘“«@fﬂ ot he
| pvent ors n;g(}'&grggsrubsﬂ%!e hda%rmettgﬂgﬁlon ﬁ}/erg &%e%ed@fg@ﬁlﬁ%e doR@bonitg Qaﬁﬂﬁtztﬂﬁaﬁohe 40

t hi
et al |1 KRS it G5BT SFmiene) ST HT e OB oS HUPP AP Gt PN Bl

t he proeesmciipher ent nmechani sns are expressed by two or nore sensitivity

paranet ers, (fll? %jatg ?%%8? ccjD ggﬁiyﬁg %ll\lﬁﬂ'tg&gss o%iaﬁ%ﬁ‘l WRY prQﬁﬁﬂi@Ex‘%Ee@ﬂ Iﬂ%ﬂle’@ﬁé

eXperl ment and/ or Ca. culation experinment, wherein in P gg% mnts
the aceushacypredelipddsluge papresijont Bfe‘ﬁ%‘ﬁé FRMiNG oyemery Getweep thejpglighing pgad 115 an

SE CesShldlen CRANAIAIon GREY VP PRdcad) endlile 1ike, iRahbstrato NS isfaewad to platke 3l fgre sefond HMP
contr ol f \nes 1:b1?/6av1t8 dt}' erePW%gc@%&g‘rrﬁrXeters il 4 rtlﬁ{egsme grP%l:vm(éqa(s {nﬁlil:ate% ttl{a@'lthg QMI cﬁ@he for

exanpl e &L round secti on ['ication
present pioprseistréagiied. ﬁeatst}/lph}ﬁlyaéﬁlésﬁﬁh il @s willdbe slisersted #t ‘}Ftaétdjl §°tf%{f5‘|°f‘et°rf'ﬁ%‘f?e?s éheS

par amet %51%111% 6r &€ Llﬁgtﬁa%du@ﬁs tdagnubmsH patbratl €6k amagverpdlisie sme T, titaeis cleminietl by the
operatio erence t t a

descri béﬁf‘trt’lllFétlsor‘ra'g P gagﬁ ‘gnﬂteﬁg‘tr‘?to(ﬁs}‘]mﬁa{j@%é{r%écb %aet%%gp%kgnt S %Eeeggl?s‘@e}e
has ei n. pblshikg gfithe idsulaingsohiehivd te irse wmelizaioCiAversiy sarsipd 90 0vithsePprapsiaiet BeFesst he

system JpQer&QHE&ch Si Qgryaco%ltfoﬁ) Qlyatild Qoveﬁterﬁ%&(nﬁgnqwmztt&oﬂ 16 4R0haRddshtg GAMR 119,

control I'er 150.
bearing pressure apphed to the substrate 121, and the like. In the embodiment shown in Figure 1, the process

time at platen III, also referred to as 7y, is determined by the controller 150. Afier 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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30 wherein the equations 4 and 5 are accordingly secondary conditions for finding the minimal T; and TI;, .
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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 3 and
thus destabilize the control 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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is given by:
T, =AT, +(1-A)T,,
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 = pTy + (1 - :U)Tp,lu
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into account nore effectively than any "aged" process
out on a lot-to-lot basis for a large nuinber 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 illustrative embodiments described with reference to Figures 2-4 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 output section 153 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
implemented 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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t he SUb%&&ﬁ%@uﬁHé&%ﬂ&EMm%OHQEmQ&ﬂﬁ%éaﬁﬁméﬂﬁ;k%%ﬂ&&ﬁﬁ&ﬂhﬁﬂd%HQ§&Q&%@ma are
referred to as single substrates, but, in one illustrative enbodi nent, the

cli¥ rent 2LTHs P mediiedand (Fesuph dwrBiR e SUBELTHaVidindly sonsrmd shft & BF JPERICRy of
subst r atAesordisplicthe prdtedioh etuglo herasinidy 84 sefbresin thekieimebatowt. he control vari abl es
Efrs,, Epfrst, Esecond, Epsecond and the nani pul ated vari ables Top and Tjp
represent the nmean val ues for the corresponding plurality of substrates. A
correspondi ng arrangenent has been proven to be particularly useful in
production lines in which an already well-established CVP process is
installed and the deviation fromsubstrate to substrate within 30 a defined
plurality is well within the acceptabl e process paraneters. Accordingly,
process control can be carried out on a lot-to-lot basis for a |large
nunber of substrates in a sinple, yet efficient manner. In one enbodi nent,
as shown in Figure 1, the controller 150 perform ng a control operation
according to one of the illustrative enbodi nents described with reference
to Figures 2-4 conprises an input section 151, a calculation section 152
and an out put section 153, wherein the input section 151 is operatively
connected to the 35 netrology tool 130 and the output section 153 is
operatively connected to the CWP tool 110. Wen the CMP process is to be
controlled on a substrate-to-substrate basis, the netrol ogy tool 130 and
the controller 150 are inplenented as inline equipnment so as to mnimze
transportation of the substrates and accel erate input of neasurenent
results into the input section 151. In a further enbodi nent, preferably
when a plurality of substrates is controlled by a nean value for the
overpolish tinme and/or the platen Ill polish tine for the plurality, 40
the nmetrology tool 130 and/or the controller 150 may be provi ded outside
the production line. -12 WD 03/072305 PCT/ US02/ 41668 The controller 150 nmay
be inplenented as a single chip mcroprocessor, as a mcrocontroller having
inputs to which anal ogous or digital signals may directly be supplied from
the nmetrology tool 130, or may be part of an external conputer, such as a
PC or a work station, or it may be a part of a managenent systemin the
factory
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as is comonly used in sem conductor fabrication. In particular, the

cal cul ation steps 220 and 230 may be 5 perfornmed by any nuneri cal

al gori t hrwoionobfa3ds ng an anal ytical approach for sol ving tReTiUsODIs6R
equations, fuzzy logic, use of para LELS in tables, especially for the
EWVA, and correspondi ng operation codés nmay be installed in the controller
150. Moreover!; the\ abokoldeosealiingebe eheiiseli mashanisal pglishing oif |sybstntes gld b pheedethad any
known GMBEptsp@l since it is only necessary to obtain the sensitivity

parameters ¢ and/or R _which descri b rent erties of
P r espondi nd RS 861 =B HERB S TR Sl PRh B st Rt 10
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manner s appar ent hose skille benefit o
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performed i n a di fliyareEmpre@tidgsubstrateyir t hernore, no limtations are intended

to the detai Ic§1 ﬂeftm fﬂpweﬁpgﬁs%ltﬁg ofthe ﬁl‘?t%a%galhi gr%ioﬁll aqﬂ%gﬁode?%ﬁﬁrch%]&nn&ﬁamcal

described in th alms erefore evi articul ar
etbodi nent s di scl @gl@am&arevﬁés wﬁ@ienb@e modehyt {east igludes thesentpl vadabigriefated tP the greppd
variations are comnsieariedr, whe fistschshits 6@M@RteH AL &Bdnﬂls'énsﬁfnt}l ﬁh&meﬁﬂe%mﬁiﬂad

Accordi ngly, the prot n.sou her ei n LS, 8.3

oot one 135 w0 037 BuSBE bR BRM I BaheH Reliin As 3Pk Lokl Tl bl B &

the cheni cal nmechaniabllrelped fosths prgondfmataipdaviern tedsthg pantrok Yeeiatierelatsd) to the second
conpri sing: obtai ma&galaay&iorf&gprg&a%;ui,gﬁia&y par anet er quanti tatively

describing a relations etween an over rst

witor al P ayar S S SR rorhy e RscsT e PERBRLIRE of b peellndiont |20 1 ayer
obtai ning a sdisdingths eveiotishvime yor i fastrebteral gy Atring &k ichegliopl rasbroicalipplivgngof the

rel ationshi p bet wegRrfe ©9RéteHondiveAb ihd Pl&f@bRipBtntiRe2 Second material |ayer
and a control variable related to a second material |ayer of a preceding
substrate; calculating the overpolish time of the first material |ayer from
a linear nodel of Thheetbderficlial 1, wegtinmidahtrol @iato répsdinng lqastones srosiahdistirign
the modely Alied:B33E micpglsudes the control variable related to the second
material layer, the first sensitivity paraneter, the second sensitivity
paraneter, a command value for the first material |ayer, the overpolish
time of the secondheraicod af cldiayefurthdr hemgising Hadrminingrai Risk ener &leaksion disting hel
second NRLS&HLALs F}ﬂ}{eﬁgu’ren%ﬁ't%f& he%st%ﬁ’efbg'éhg sl LBl e e§41 Qofttﬁ% e@e% gﬁ%ﬁ%
materi al "l ayer o eprecelngs strate; 15 ca cu t|n ted novi ng
average of the overpolish time of the first materi al Iayer and adj usting
tie overpoli sh ti mae fwethod dfecldich N Sivherst @€l &l thd @Yol valisbleN@predasts 6 AR @mk for a
rrechanl «iaulﬁahg, ki ghi,pg of the substrate 121 corresponding to the cal culated
overpolis 3" The method of claim 1, wherein said control variables
represent at |east one of erosion, dishing 20 and nmaterial |ayer

t hi ckness. 3.5. The mtnbmh &ffclaﬁlll al Wherkin tﬁwﬁrﬁtharsnﬁi@rﬁafahxs&mp&ea @lrmea@it B dtthe

| east one of and er .t hi.ckness nt of at
| east onae Of%ﬁbsmftesrai% ave 5;9 il Y %e?‘fmabfr Of HUFES th?q%rteﬁe er??oé%sse ing

s@fbjstrate. 25 4. The rret hod of claim1, wherel n each of the control
vari abl es repl esenths memsEF tlahdh, UhefeRlthePchemical mechanical polishing process comprises a final

polishing step carried out on a separate polishing platen with an adjustable extra polish time.

7. The method of claim 6, further comprising obtaining a third sensitivity parameter quantitatively
35 describing a relationship between the control variables and said extra polish time.
8. The method of claim 7, further comprising calculating said extra polish time from said linear
model.
40 9. The method of claim 8, wherein calculating the overpolish time and the extra polish time

includes determining an intermediate overpolish time and an intermediate extra polish time such that a combined
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plurality of substrates. 5. The nethod of claim1, wherein the first
sensitivity paraneter depends on at |east one of the nunber of substrates
t hat haveWbelemz}sDS)cessed and t he nunber of substrat es thatl)car&sozlmme
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hani cal pdFFERINEG SETROF Rapameterypthar apgniiaively slesegps an pifeotpf a Sopyet Yol BHg,
the nmethod conpri sdiag:to deetcafdmierhilngloalasemsmé bubstitale afibd eoned] @tiriaBle Ehal,, related to
quantitatively desgcr Vel in the
CWP after an endpghﬁ“n cgl%smegaq bl P?ag& OPJP ch@du?ﬁs J\a/%nrstp%{)bﬁ -rl--{r‘;{@e & “é%qt ed to
the first meplaaing ke |0mm°|héyf@?° Taa_@rd@t @Ftrﬁwﬁﬁﬂﬁaloa layemient B ey medel At deasty
t hat quantitati veli¢naescrilbene amnef f ect of a control variable Eseeo" d
related to a second nmet Illzat)yoc | ayer_ of tihe substrate and a control
vit i abl e Ep, oL die efdtet! 1 V%eewzcsechmdmm}et allization layer of a
preceding su [ r | and cal cul ating the
over polish t:%&r%gere# ?{Eewlﬁ) ﬁ%‘% ghlr}ree%qgcf(ﬁgsgbts?%{i% ayer froma |inear nodel
t hat at | eastseleciipgcharaledatedryepelish b ﬁgaslﬂteéﬁtu"flrﬁ"em"h@GmE drring gheychemyical peghanical
a(Top - Tpop P r( bsieEiag & thre fEpmesi0zatich BesT e BubdtRte0p i S the overpolish tine
of the preceding substrate; and selecting the cal cul ated overpolish tine
Top as the actual overpolish tinme during the chem cal nechanical polishing
o¥> the first 1Aet alTh¢ methodrpf I%ﬁ}lerllofwh@rhie @lgmttng afoe Inclpdes 1 @lculyting e infsepdiste

claim1ll, wherei Icu in al_cul atin rredlate
over pol PSWPHF tlme[l% ﬁtben %Fggdg(’br?emea &t Vauegt"’éﬁ(’?%he C(gle&v?reg}e 4B E, or ge,

of the contr Qlalcﬂaﬁﬁé ﬁ-,plisea \Eé’lih&d mo@ingl average from the overpolish time of the preceding substrate T,

and said intermediate overpolish time T, 0:, .

30 13. An apparatus for the chemical mechanical polishing of substrates, the apparatus comprising:
a polishing tool 110 having at least one polishing platen;
an end point detector supplying an end point signal indicating the end of the polishing; and
a controller 150 for determining, in advance, an overpolish time for a current substrate having a first
material layer to be processed after the end point signal has been supplied;
35 wherein the controller 150 determines the overpolish time on the basis of:
at least one of erosion, dishing and layer thickness of the first material layer of a preceding
substrate,
at least one of erosion, dishing and layer thickness of a second material layer of the preceding

substrate,
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calculating Top as a wei ghted novi ng average fromthe overpolish tine of
the precedi ng substrate Tpop and said internedi ate overpolish tinme Top . 30
13. An apperoapuwsos or the chenical mechani cal polishing of PENhSDY/aK66%, the
apparatus conpri si to 110 haV| one |sh

pl aten; an end poFtH%Std’@? %cetr?ﬂon g’%F ya/rl*d(rjllgyer s °h 0! n?coréél néa%%{'lal RN égtg currentt he
end of the polishing; amhedrats, avdnt rol [ er 150 for deternlnlng in advance an
overpolish tinme fgr erﬁbn%a!lw %nﬁé&b&ﬁﬁtﬁﬁ phYaNdidd GepResdrkifS tn inBBER eHanibn@YLhe t O

be processed after the @%L 4$| nt signal has been supplied; 35 wherein the
controll er 150 det er m RES™EPEBVer polish time on the basis of: at |east one
ofs erosion, dishing and | ayer thickness of the first material |ayer of a

preceding sypstr ?‘fle a@'}tus oFf @?ﬂn %n RuBdr o6h dﬁ?ﬁlhé) B indl bﬁﬂhlﬁ'@plﬁ&gloéa@cﬁ QleﬁspéaExKﬁes S

of a second naterlal er 0 e prece trate, - 03/ 072305

PCT/ USOZHdet 6% O%Ftpollséegp fsrhévhefmémeiﬁaﬂer s Pﬂangd taﬁlafe%fs?él?e H"Hﬁhélﬁ‘ﬁ Qs Jpali e
second pakiedg pidten] ayer of the current substrate, and an enpirically
determ ned sensitivity paraneter representing an inherent nechani smof the
polishing process. 5 14. The apparatus of claim 13, further conprising a
final polishing platen | ocated downstream of said at |east one polishing
pl aten, wherein the controller 150 is adapted to determ ne the polish tine
on the final polishing platen. -16




