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SUMMARY OF THE INVENTION ,

The following presents a simplified summary of the invention in order to provide a basic

understanding of some aspects of the invention. This summary is not an extensive overview of the invention.
It is intended to neither identify key or critical elements of the invention nor delineate the scope of the
35 invention. Its purpose is merely to present some concepts of th'e invention in a simplified form as a prelude to
the more detailed description that is presented later.
According to one or more aspects of the present in'vention, measurements of repeating in circuit
structures formed on a wafer during a semiconductor fabrication process are taken by a system employing

scatterometry based techniques. The measurements can be utilized to generate feed forward and/or feedback
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through a semiconductor fabrication process in accordance with one or more aspects of the present invention.
Fig. 5 illustrates a system for monitoring and controlling a semiconductor fabrication process
according to one or more aspects of the present invention.
Fig. 6 illustrates another system for monitoring and controlling a semiconductor fabrication process in
35 accordance with one or more aspects of the present invention,
Fig. 7 iHlustrates a perspective view of a grid-mapped wafer according to one or more aspects of the

present invention.
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explanatlon, numerous spec1ﬁc details are set forth in order to provide a thorough understanding of the present

invention. It may be evident, however, to one skilled in the art that one or more aspects of the present
invention may be practiced with a lesser degree of these specific details. In other instances, well-kmown
structures and devices are shown in block diagram form in order to facilitate describing one or more aspects of
30  the present invention.
The term “component” as used herein includes computer-related entities, either hardware, a
combination of hardware and software, software, or software in execution. For example, a component may be
a Process running on a processor, a processor, an object, an executable, a thread of execution, a program and a
computer. By way of illustration, both an application running on a server and the server can be components.
35 By way of further illustration, both a stepper and a process controlling the stepper can be components.
1t is to be appreciated that various aspects of the present invention may employ technologies
associated with facilitating unconstrained optimization and/or minimization of error costs. Thus, non-linear
training systems/methodologies (e.g., back propagation, Bayesian, fuzzy sets, non-linear regression, or other
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35 processes for pattern transfer between various media, and in semiconductor fabrication a silicon slice, the
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semiconductor fabrication processing.
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mitigate thermally induced mechanical distortions that can adversely affect pattern transfers.
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formed ther qua&&daﬁéé%p&ﬁ oﬁﬁor@ztsp&{s of tﬁ'«ﬁﬂ?@ént R@ntloR sGbtdr&hbicl bas&l ki@t 302
that can be megsured in nonitori n]% g\‘ﬁﬂ?ﬁ%

ontrollin m.c cto i
fabri cat{CSRPRFRREEEP fie RAGFHLNE %‘ﬁeé‘“ggatY?B‘g’épc’mtsmgte%g?mfﬁhe present
i nvent i amocestraletsiming whayeftess, i@, different choponaass affis fé)rw@mmwtﬁéave bawponkaiing of an
SRABD e NBrdkpde e lstrode e BRGSO, @1%@‘1@&00@.&@36@&8 405' %ﬂdﬁﬁﬁﬂan&&@loﬁ@ﬁ[ﬁcﬁﬂk@-t €s
t hr ough the 19 fabrication gfgo €ess. vva,? ghﬂ? %e‘{?!;ht as br oken
away so FERIG DS IPAWsH o eeigie SIPPL sightfugp 6‘@&‘3 eéwcﬁtfvef) P e BCtUT 88°302. The
area of mrévessinafompong@Chatiepiperping vithin parficoler reumeigyd aes baying ndhedebrichtionpregespor t i on  of

a di e onpyeRRasudadn@kigiiRE &h be ﬁﬁﬁe@{o R feBAMIBITRY M iS6krhfon @R Lab® fOrmed. |t

will be reciated that die fer can
aﬁBEed to adjust operating parameters o? processmg components to which the same or other die are/will be

35 subjected to mitigate undesired results. For example, respective structure heights can be measured periodically
to determine if the structures are being formed uniformly. I not, one or more fabrication components and
operating parameters associated therewith can be adapted accordingly based upon feedback/feed forward

control data derived from the measurements. For instance, the volume, degree of abrasiveness and locations of
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i ncl ude any nunber of integrated circuits (ICs) having one or nore
repeating circuit structures fornmed thereon as the fabricati on 2k 9RESS
progresses. Aspects of these repeating structures (e.g., critical

di mensi onswendésais7sd overlay) can be neasured periodi cq,lclrmsg(;@yd@ggr mne if
the fabrication process is proceeding as desired (e.g., whether the
repeating structures are being produced unifornly). These nmeasurenents can

be util gl&rgydselgc(ﬁvel)ﬂa?s\éﬁlltgdoonio(?h%Q/ 8&58)’?1"’(@ d@ﬁg/o9§resglﬁeagﬁ@@&tv@%tpﬁﬂhné@a ghat 0 adapt

the fab t1on ‘process accor o mtigate  undesired s, Fig. 4
illustr %@gferalmwratc?eaﬁalaﬁcham@y@%lw ﬁ-‘é@ B@Fﬂ?ﬁgfafb‘ﬁﬁ‘ibb%ﬁ’ “P‘&a‘ﬁﬁ% gWWef g., via
scatt er eRetubtiy haghwaf er 20 402 matriculating through a sem conduct or

fabrication prOGEa% M ﬁ%%%urgeazﬁ&gr Vi RrGne U mTLEy ARRRG Suliccbiie  pr esent

i nvention recrate % portion é‘l a single
di e)5 of lighyél8ipsident togig2eppatingie pifcuit sectyres 4f4 fgrme onft%?rwa&m% ihrdfatgipati %%Fsis city. A
Cross s Qﬁbbﬁééabreﬁiaﬁﬁ the h@ﬂéo&%e 4108 awaduedcy 4ibdizédease fosever, & @iyl @ apdedateddint t he

waf er havi.n uj t neatd Lructures 406 f Jhe
repeat i nra' I%S?Krpﬁ ather %1? O%beée %.T aeser df"g??’éz‘%]mm necinﬁﬁe%\,\?aggsq xi%u%ﬁ)‘rl f&raﬁfyﬁlh Gutth
progres wsemtmmgmxbh efloypsk: Thalighigh8 is reflected Srom Bre piugrerercA8s wmefleqtyd lighy ?‘%) 25

i ntegr at'rﬁdm&aeﬁmgmuﬁe nﬁas) Be IE!@IEJdltd)d@ aaetelf@ernméam aa thubiBe phak Aiitensifyhdl/ar epeat i ng

struyctur s40 e .u S or nmenor
cort ar &4 gnz‘atg)P P}étge r\%&erf: € beam hoY {a I be 10, _ed in Qmaao ur%éentg%?eﬁxqu t§EAMatg ﬁnl accor danc ey
with on Gomlmfethals}%tﬁ @a@ ﬁ20t(h£e Vplr%sfé*ﬁ% compayieY: A8 e fabrcAin SFORRATR" WFsBhsed

t ?C h nlt q lﬁ%%n%%deil the f&ﬁe&wéhom Horh Bhe FRIBELY 406 Qilllgm?fn aEBdeﬁlchﬂiB]R&V(ﬁml% of the
structures vario n_the a

det er i HEOHIA Of%ﬁ’s%ué pires fsJ gﬁ%‘ﬂ?‘y 3“3 ey i"P[hase e (t()}%fiezn Igélmeﬁgf% gx%?ﬁla%gt i on
process réflasel ligaid20may ampinhermilives G ﬂ@ﬁ‘@%ﬂ@@t@%ﬁa 7 ?rmedﬁg’é deficHignsi ons.
Differe QBm&)EénBQﬁwoﬁecQ i ghdcd #8420 whaliahiiitdihdeoRda@d wuht, sldopRe adddted aiy f or

t
Ie)r(l glmg ate I tk’fé")lbef’te‘flﬁgt’ tg%c gl&s %enrx,'nee rS3az'sO m 4Q5 ftne I;)xr?enor m§r|e H%r;ﬁ%e%u%g cotn@a;enm s@t

ne or onent s that are
oper at i rfer cevyirigiont agpeatstof therpresent prambgnaay Pﬁsenmbé@dlﬁﬂaﬁd’lphfﬁo Qﬁﬁﬂt’fh@mf’ diePdott i on
Pr 0Cess.cofedt rdﬁmlﬁﬁlﬁmn fl"l&/n&hﬁx@ﬁ&rk‘é’yﬁ&n %fﬂorbﬁds&ﬂc&hﬁﬁﬂoni 0e @enng at e

f eedback/ f eed forward n t h b operatin
par anet ef’%‘P"B?ntsﬁ? ?)%%cesé?r C%ma?‘n T m?tbem alws&ftﬁ ésagdrrfcén%%rs}tsg?%gjr %g% e gr el wil Ig

be 26 suijcessirecepignl prpqessgamt (CRID dsirpesanme oigprtrel andzgrry @ tigrysriens fpglisRsect i ve
st r uct urgschel ahtis 'ﬁl@-ﬂo&@orm@@&h' Beﬁﬂy 1R pluRGy 68prdcyssord hd € tn@dnbi ilehidhfthet he

structures are being fornmed ation
conponef E* &R 838& akily c‘maf’r e%%égeg%ﬂé&% &8 Q{hﬁ’e Peﬁc\l;\}@@@rgg% Olgec adapt ed

accor di righiys bdisekill poke aﬂé@dbméﬂ%ﬂfsgwmfmﬁw igreing Eherplispleddight42¢ran-fFed from t he
measur engitipte, befaRdly AdS tg&&ﬁ@ene b tord/sHnAtiYES, thabl@ ) beBm@fed dBhaGMORRRRS and

I f 7. WO _2004/.0 87 .PCT/
S glc 2&![ Io\r;szqng(}m&s t%%' %elmbmetwhatg O,n?r exafxﬁ €, des1 g’ cn% a? %ﬁmnsxoxisj%%%gg aglg% Oa?dfoéllehgg{j fe

appl i ed WmewmbpmfP@MWO@b(oPnéﬁas Wh?‘h‘é fmaéﬁpleofmdif%ﬁ”‘bm‘é’ﬁﬂﬁké’éﬂi nmechani cal
pol i shi r;qfoﬁ@@h shdAdDE Bn&Gatsihd Qﬁleadii(b)lgﬁﬂﬂr cmemna hdpiofle 6t @idrelsprirdiog m t yI of ) t he
structure el m a | |gt to
one or n‘i?fagleff’ °f‘e ‘gﬂ(’febgr%gn%% PRSI e nggﬁg%gﬁogm% ?E&MB ?t to the
repeat i ngpobolifhagraplpustdhing pplistingdepesiia0ieo fdant the Bbdsaiop BT Bhicwadesyy ffsﬁlé It

f abrpcat {218 &B@%&ﬁm DhOGER s&&&mé?eaafb@foa&hyn thd Veor HO2Gd/or SR Beewaded during A

frequenc lized 0 eai d any | aser
or ot her %T f@ﬁ?tmg BgreEd° ‘i“éd%ce any '}uﬁ%’é P st fuét?ja“%r c“ﬁugfyl U né% % Zlgn % }-@ﬁ%l{l% as | aser)
sui t abl esyfton 40®amrby bonggusdendiohatedrie. & sxirfhe roveseantio Pk ¥eapd phesinspepiy °’Ph e |light
418 i s rRfdifslifdhcdit @bl BroSihd within tHe QfeAR S, 1B Sacilitetb bhiaily bnifgfity £d0.

consistency of processing and structure formation).

35 Fig. 5 illustrates a system 500 for monitoring and controlling a semiconductor fabrication process in

accordance with one or more aspects of the present invention. The system 500 employs scatterometry based
technigues to measure one or more repeating in circuit structures (not shown) forming within at least a portion

(.., a die) on a wafer 502 during the fabrication process. The system can implement historical/test data, such
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The incident light 418 may be referred to as the reference beam and thus
the phase, intensity and/or 10 polarization of the reference beam 418 may
be recorded in a measurenent system 422 to facilitate |ater ]bMﬁ)ﬂﬂ sons to
the refl ecypedodaawis’r20 (e.g., via signature conpari sonperAR2dod)es26és3bri cation
process progresses the angle of the reflected light 420 fromthe
structures 406 w || vary in accordance with the evolving dinensions of the

struct ugs%% be s@)teld whalh Fa sibre 5bd) F6| fgcﬁﬁag%%é%’maﬂkbaaﬁgorm &glatﬁlﬁlha%@&ﬁegt@top roperties

of the spe ected’ vary in accordance with the

evol Vi n@j’nﬂ‘?lﬁ?éfﬁéli‘%ti‘?g Pm@"?én i “ﬁ‘ﬁrlg‘ s fojbg mprea!étﬁdéhaf °rf6f3°§3§lyc?8"rﬁ’bt8"r1fé‘?’?f§‘°ﬁ24 col l ects
the ref bﬁ@ﬁs&dacfuév@ bésue@&@ul@,n}dnﬁli BRSEbIE: iivaiot @h tniplily @chnblbgidstagsoctaed vt dat a

ass00! &ty bllonskalSa GO ARN Sliok duflitizads G SBFollE BRH: HFRD BB BTS2, Ay
one Oor nor etmlg Plrt aclin?ep 1 Ng onenzi for carryl ng out
aspéct stafing SVF@WF@@@H@MS H\?@N&’ Eﬂﬁ nqtfpited do bagkpropigatipn, Béyeé‘am fugm St WEEEL t o
photo d l'e@l@@iii oic' (ﬂ{er neG@l nkﬁ&ldhﬁwraﬁﬁﬁxi Baiag mixdngd vr expetibysichieetieBesodenent sys t em
42 2 for Waéx% ?c crrgl IRer rad as1s gcugr{estd(ler%c{t.'ed se%:ch neger)H(Q gil% %t?tlok tﬁnk%etpv[)ﬁ?& essor 426,

whi ch nma bé |n egra neasur enent 422. The 20
processor, oﬁn@em’rp Hght goprers é@ﬁsiﬂﬁgh&!iﬁoﬁ ingighent Jp the pafer5p% g4 precipted §t?r ol and
carry O!Hser b8y JIRF JudsB 151 Bfalcb(ORE be S8S65kd R €Lyl SsvlisPects dihie ppiaciessidn. B26 can be

22%1({3 %l ural tXatnO %Jg %1%% ?{u?%éq?%qlz d{]asernqasgelode orB mh QCOB B%Ne)%f’ OCGSSOI’

ohs
readily laeqe;pTaﬁ trbe anpvm@tm%the h@WOﬁ gpnde direpted ay subitntially lkpf thpy Eafe'af rS‘F““‘tSa&%OéﬂP’ 0 n t he

descri praﬁcﬁbg atQé’l&héﬂ pc@lﬂ)nm e Iwﬁfer tﬁr&@hd’uﬁtﬁé e Rien ﬂmbo@g to sfof Che€katiyctube® fonm@(can‘p |l e, be
anal yzed 0. 020er 8L, 00 0, TR0, S A0AL U ES LPol. SN BE ARy 0 one or

nore st de exanpl e, eS| red
criti cakemmmﬂmsn&maf%éﬁﬂng achl eved and/ or whether the structures are

bei ryg fornmed Thwgﬁt(sém héﬂecﬁméi r&ﬂa&d& mgid% the 1ﬁ)éucﬁ%&£6&lree fonfnﬁg?ﬁthfnoﬂiew&feﬂ and/ or

back ti
C gﬁt \rNg‘|r (gg%ﬁﬂ gggﬁg%g?ongﬁgessd)fogﬁﬁsF% q’geq%xg g tp e mten rl?g an%{) PO anzqtlc%n%f BE Jeﬁe%{e& ]Yg%
f abri cat5i®wil zayip eserdings Yith thy evolviple ﬂgﬁmq of the @glgturesx %ﬁﬁkéﬂlﬁk‘i SIJ‘%JIS Cﬂé“\?él o p ment ,

phot ol i t:h %roaxa&yhghﬁie@mrmz 'ﬁﬁ'hglﬁ hété&@»r(s)@ﬁﬂﬁﬁtﬂsé &8 )r thot 1REtAREchdvevifealndi cat i on
Pprocess

t eve a desi, res r t hat a
mul titu C‘f% 8t e%tgt}ltrll af ?d%né:e %1a r?c eror? 1iecl&lc%es %{lwfanufnpero %@d@t&%o?st Cfl ein the
waf 20  dustlizedyor detndngfonizprieciert o prespidryension. tsemwléaﬁhé@ecaﬁwcwéﬁwﬁé?“’aﬂe’@w%uu ts
and/ or Q;oa&qhdﬂwowaa@nents Accordingly, the system 400 can be configured
and oper at ed ) ei?eﬁt’e%]ﬁ&ltaﬂ& ;[s c-m?r umc %esci%o %Qr cessor%ﬁekhn% smpc?fﬂﬁﬁgp v\g%(ﬂ E?QE%{” ement s

from repeati e.g., to

faci| it aptectaier a2 rifbapraggssoirfild @Ppﬂﬁ}’i Vafhwee“y@mq%ﬁeg{'@ﬁ%ty aglyzepinsEE ¥R and

struct :J {c@nvfa@ﬁé@ﬁdc@@])ght 535m%|d&a, s&h lafJ foﬂ&%@& Sfnamre IYS heti&0dafaedior Ig‘ﬁphldalﬁl’ i ng and

contto onduct.or rication ss in_a th one or
é§ c%%& fact a?etrpﬁ S EE e ng’r‘lveeﬁtc?n ong?’miratedo%]r R %yocfl%n% o&s gnsd)(lz(\{'!;lt terometry

b ased tx@mm inforaatiop essqviatyd witkethegeftected lishipl @ 1?‘@%@%@%@‘@ ﬁla‘é‘iler%?sf"r s¥retfet ur es

(not shawagy of %Imlfﬁgof‘ﬁﬂo&gﬁoﬂg a8d thd ﬁ@ﬁ& inBwhiR8 th prodessor(cth 19 px;og:amﬁédﬂ() cafotwafl er 502

during t a roce . st.em ca i cal /test
ot . Os o ey B o0 G T RS TB STE B ek e o
st or ed wletcHition proidei beréit.or e 504, to facilitate decision naking and/ or

uti b Ze curr %ﬁenﬁﬁﬁﬁ?pb‘ﬂtﬁé%foﬁreﬁe@ungﬁ&ﬂ&ﬁt@&ucﬁﬂ@@auﬁlﬂz@dﬁyﬁ@kﬂrs&ﬂl spa) ocess in real
time.

ect. ation
process ]{bﬁmyééﬁ?aée\}%fa’g%%°rn Faé% MELS emﬁ%d - ada run%t{“e fabgial c‘% °°8851%) tHe °|Fer’f %%%{ *hg n can
enpl oy tseudmolillvgiaes indizsuiyét wore wetn#ble th meriitpring amth d@gbame@mtméinmse

opt | |m Z BrbAes BRHO highly THirfthte Akt: ) THY reRBtin® fn cEAR bidheturdiflliAd in FiQD ofianpl €,
non-11ne

=
=

ather hand may be able to be monitored without stored data since they comprise substantially parallel linear
35 markings. Differences between the linear structures depicted in Fig. 2 may be easily discerned, for example,
whereas the more complex structures illustrated in Fig. 3 may need to be compared to stored data to reveal

deviations from intended dimensions.
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5 training systens/ nethodol ogies including, but not limted to back
propagati on, Bayesian, fuzzy sets, non-linear regression, or other neural
net wor ki ng paradi gms including m xture of expert systens, cerebglig nodel
ari thmet i cwonmaisessy (CMACS), radial basis functions, dipgcqaisSshspaich
networ ks and function |ink networks. One or nore |ight sources 506 direct
l'ight 508 incident to the wafer 502. It will be appreciated that a |aser
or any other ﬁ§ Why 2BL5 {)IL 'aQB&césQHlQ@a(l%é pr %Mﬁm%ﬁﬁl&@% bl fhu&%wﬂn{gg out

aspects of t present invention. exa s? can originate
froma ﬂ“&?&faﬁ@;‘/ othqripR) pre PREPIS Heped V%l“eﬁ s?soéwmmaatew%ﬁaluas ks SRV HE 72 ( HeNe)
gas | asee malht‘amaid&nhe:naﬁetoxapwa&nha&ﬁ:emdet, fadxabfl€ adcépghit ald Ofhceptibidieveld pfveet ed at

subst an tulnfolnlu& r & u@{['x n&t‘x?tol%@I %,acBéﬂa e&aﬁ&? %! 5139’ wag %ﬂg/mgxr exﬁ&plestﬁé ;@&Es@(g port ions

of the out t at1on proces check structures
f or n? ng S&hean ﬁ%n%‘f'*@'fhef f@P?&“&%CW‘&b‘FP‘i“Fe&th@’eW@Fsdi’fﬁba fd%aﬂ\stbrﬁ%hﬂ%vebﬂ’é %uch as,
for exargpbier the Slatieed vaR iEiBRRbY mété thalbha@atrmintERrcertige, suclehip @@ ktuvtere| OCat i ons on

t he waf 15 Th is. reflected as reflected light 510 from
the in ?ﬂegsgol%fmxtmtcm%lg?ngglg'f%?(gn umalm? tlerqut%e wafer 502 as the fabrication

process progiiegrsasyred Ipprbofaigtugsl no'ﬂrhia%@“ty faHle wighisj apye-dafingd espepigble BrgeABentsn of t he
r ef | ect Q)Ebcéskogbﬂm car%@ex&h;hé divbxling vdaﬁr m ma&mamm:mcessh@ SV 0l howwangr, e MENSi ons

e structures. ref ecte 0] nor e
Pl il (AP hH Ry SR E8 eI el B R B ol Y ©,
det ect i 7§? @erprtivasthegef) to h?é!sqa@edtﬂ% Hese FhP &taer amwn%féwr“alé)ﬁ@@ apprefereting it er omet ry
t echni qu@sit stidireObas Rnddted e Hat@h0d dr g&iﬁqn@lﬁéraﬁmﬂeag&aa 1he deRdinitidibi to Aiedrdf OF
IC?I{: Ir ﬁldg% ?1!]4;[: w&)s( eC%a%ed%]b(ﬁl pré ex£n8 g, ¥ ro amE 88 cofq't—bfneﬁt &n ysis, B%)Fe%l}m%%e n?lg%llegt(::?re;
| i ght 5Petvpdks, relp haesieired sxstgmiets- Bor p*a@eles%vcog oiyepaigipg @ ﬁfd?cglg Bpemapifereity coupl ed
to tihe |dugieizhs id@bREiraki(@)ioR didh reffalﬂeth@meﬁs SeQetermindd @A WONSbeSRL cb@ br@et 'y

based techniques to erpr nd/or convert the reflected |ight
510 i nt glmﬁ #%HVG%S‘ ; 1scar¥éle\haée)€§(§2 W% om%ere? ure data, nunerical data and/ or

graphi cal 25 Pdlértlepakb@orfna@@ 41tFrtwatff'eth9 Brpqew@rﬂbweeeéﬂs@ielm glarkS'Pg#atSB% EoEA be

gener at agbreof 10f coR %A th@deteRYneGRANBIpObMAGuRRAS Qre&ﬂﬂb:@de to paftit@d Sablicatidnnf Or mat'i on

g‘? 22;'8 2E)red%o\ém 41 SQO fgg the%afmeeetgeﬁgcelssloﬁatl tr?n%l;[%ts the]§e a\é]‘rusé%leentsg goot?eg Bﬂr(g)%étg }aﬁrgca{!;gﬁf_] e: h Ie n
whi @8 t h:emmﬂ%sés% Seve &n %ewwﬁ%mlet@u@awwu@m% phrenuHgESEREIR descri bed
her ei N Wbinhatidagor b dhdediraRPRAESIRG, suclDas] FHOGEdiREYb GiIIRE 6litsitia baclithtld toledinctshe  ar t
based on, 3/ e%gcsu%gnlc%)t £l oqdpr ovi ded herein. 30 Dependi ng upon the type of
repeati ng b clrcul Ctures anal yzed by the system 500,

| i br ary/ dat a3 Brogepspioy freeri fey axagale, b eropragypadietificedon-Fpea Haipng Sﬁﬁentsltf’e fabrication
pr 0CEeSS. deBymindans a@ﬁrolﬁ&ams@entit@ﬁake Sdebridiad 14 i SnfdrhdtidSieteibdfebm the defe@or(sB510mY be

Sstr 2(3?3?2@?(%% be:[ r(e?fe rt]clh'r;[s %ﬁ(?b c(ﬂlf%\étl Eorwc?ra tcgrﬁrbﬁf gthaﬁfa r n%‘%clm%{;}n Sde{?x%c?re&ul nng I‘aCUI t

st ruct uresxapmple, ufsttmrsa:@%@s 2] nCFPrgfom;z(e @nhatfﬂw@rymé highis). Waw&cemﬁlb@ayalw@at% & be

NN t Or efrkdeftdiOpbitiond &3 the datelad @d@goaﬁmaahﬁbyhaeﬁﬂpdhhm f&ybsauamutaad,ﬂsyx ot al | el

::: gearz ?rtgn’ll é( (I:llscgrﬁ % dxlwgsfgrlgurr]tg grgor%) or \IIZO\I'Bé)C:eeQS();lt ﬁgmay %%%ce conlirollé Qt%gn b(J§gln‘g}: g)c(l I n
structu r@@lOqullm@ﬁlﬂaéPgeﬂd eiciprecpsgto egh h*’ﬁlysoﬁlé &fdmtlfss B‘Bthw??ﬁélﬁsé élalt dssizd pyd data to

reveal ienmkstdQ lﬂ&gtft)l’oﬂﬁﬂrnhﬁgtsﬁﬂﬂﬁg ﬂfalpfaswa@f £1A $nay chBtrol 2depiMitor?Q6Ess (MM 004/ 038787
PCT/ US2 Oolsclqule )2 a ustmﬁﬁ-i V\@ey concent{azl(cﬁlq}l)glor huxtture of Q&(SQS%JeSE%l(RCd 13(%" 34 prgc%‘srgmg &m%e%% ammed to

conpar e
cause more of the matenal forming the structure(s) to be deposited.

It will be appreciated that the processor 514 can also be programmed to cause the system to focus in
on/take additional readings at portions of the wafer 502 where it is determined that repetition of in circuit
35 structures is interrupted and/or where substantial changes in the structures are detected (e.g., in uniformity or
o'iherwise) since abrupt changes in the repeating structures can affect resulting device performance and may be

" indicative of malfunctioning fabrication processes.
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interpolation or otherwi se) one or nore neasured values to one or nore
stored val ues. The stored values can be maintained in the data store 504
and may include, for exanple, acceptable and unacceptable |e ﬁ“ 7 non-
uni f or m t ywothididsgay di mension tol erances, overlay tolagﬁ%ﬁﬁgn gig; By way
of further exanple, the processor 5 514 can determ ne er repeating in
circuit structures have heights above a certain threshold IeveI and/ or

whet her the str tures var
ot age. . ah e LE SR e b i BB S5 S s BE SRR i 1
t hat - of expublerdla l@mrne grioge, the systers §00 cqnfgengraysubsientially uhigupedattepdmetry a!ga@tmr@lwh

non- uni f gg mrsdyn tﬁédatastow 5bd)i e @atanoﬁ‘S@l@cfaﬁ Reputed eﬁr@Q{nﬁg 4 BRIG wakkd Bihet hE
processor 51 e wafer 502 o ad fl&%wotp?l [further
0

Ail r@ gldfr ect t

P oceas e e Sittpe. Ay e i Sty o B TR SRS Hanml e,
excedds be pppubnted eith amablndapepd §1g11atluemgm¢$ewl1mh@®es sioe mEdvkergeain cad by woparedhe waf er
502 (or RfadveRSor ﬁm@&&gﬁam&&up&smlﬁ%ﬁgg&uﬁé& RéREE aﬁdnearédagﬁﬁteu@gmu nt of

non-uni formt FD"(S’% g circuit structures g{{en er dthe
waf er 50?“%“‘%8‘? %"y"tdﬁ‘é?%?}?t tB%@EFwaﬁ%ﬁ“@mﬁeﬁ@“ﬂ‘@@W?‘f V8% °¥°3° di scar d
518 the webeed. Iisto treepprebiagdding enfriesrin iexdatrptoe S04capalogforcemamplt, esskd benef i t

anal yS' Swmﬁ%b{eﬁa‘iéd%h %ﬁ&ﬁ%ﬂ%ﬁhﬁaﬁ&ame&?s%%¥ Wnich'thél GerD AR €3 PREdinagSt €M et C.
For if the cost of repairing reduci ng the non- unlformty 15

out wel g h te‘ESPPé teB‘B‘?’iaé‘F? ﬂ"ef'sé‘éﬁ“%ﬂés&‘bﬁﬁ’&?’ﬁhgfﬁ{ﬁ"’r‘ie’ (RS e 1 ﬁ‘s PUE, QErPBAUPRS
det er m neelle bh@topdring mewiranee onorEdEest taka inth acdoimvthe s viliewgont o renpl y di scard
the waf ep eé@r% cordftioR Ahch hﬂgﬁpeﬁmrﬁégsfme, é&dgl'd Eﬂe QMS l;h){t’ theggcoﬁdgﬁoxﬁs% h?vkn% & dat ive,

the processor 514 can selectively he waf er portions thereof
for corr BRAPERPETF Gt Psirmer ‘\Rﬁﬁﬁatef‘ §’f}éh°81‘ta EG) ?%t"??éf?f@até}néat’t‘ S rade to
parti cul arhdiglini weliniehto cgompomR&ing, srapsotaigdsf debasdsivecis dnaps, lilkadlisprodassor 514
trangm t gpishese adjustnents to the appropri ate fabrication 20 conponents
(not- shown) for the purpose of, for exanp mtigating occurrences of
non- uni f or m st Pee EPECaFpama gHbe °8‘i‘19°6?nﬁé‘}°1“91‘ﬁ%f€"s‘?a%éf8’feé DAPFERRL T % uch as,
criti cal odiphysive brdepicalfdatidel (g, compussr, thecess) mﬂbceqytba&htebmedbm@ntwesrm@nd/ or the

occur r engiesof or WA idees (Ipedl&rdﬁx‘?&%%@&mélxﬂm& nits). Ofne %@rﬂfﬂo%anﬂtﬁ?beor ogramed to
utilize non-ljin€ar training systens to etermne gg (f)}grlate

adj ust nefAEROYEHC PRERE ‘%ﬂ%‘éﬁﬁﬁfﬁﬁ@“’ﬁ S FHRetiPHyaTs At FshTY @E‘@F f R ¥hE
det e} or hdyintaBehByer cadfenildnblsyscanthigdcitied enly ipdirettmeasrehapdbibcittitaiedprdees war d

control @st%ljﬁé& mﬁm@PﬂrMu&@L &«?as @f‘%ﬁ}'vﬁi‘éﬂ §6h aQ?c?i'bé 168, fo?é;'z!ﬁnﬁlé Th@{rstéﬁ’?é()o @xfls exanpl e,
if the structures. are not_uniform (e, ave varyi ng he I? ht s

pr ocess o5 aﬁ‘évméé’s‘i‘ebﬁ‘ﬁlﬂtéS"B‘f‘°°ndﬁ°éﬂf%<‘hag€ﬁ‘“l‘”éf5‘ﬁa“‘ﬁ6‘?"?‘?%‘%“{5‘1‘“ A& °F‘E“r to
under go &mmecad perfercdaani cal pol i shing. for particular durations in order

to mtigate dh? %qugiaﬁgagygi‘ém mff&&omgﬁ“gta&fd’omhﬁga;eﬁﬁoﬁﬁc@& £8r2on prbébssTBY
prodyce control data that can be npl oyed in regulating an et¢h process to

et ch“bac RS g1ePfRer psaests of the Rrgjest 1&%‘%‘@%@ walgr 002, haaﬁ?rbﬂ%‘é‘?’?"éﬁ gv%‘?“f)l al 30
t hi cknes 8epi{ced g.updetyeingtht Jabrivhtioh prowebsngl les repsating ingsseuittsinetugss ¢@¢ Essdthelsdd Thay

contr ol ?&u&@:@s@x?é thrr@in e Yafes e @/afgmatnm{ates %?Juﬂ%é ﬂﬁic%o@&bdés% tdaRgioke rate,
concentration and/ or m xture of gases distributed into a progesm ng

chanber ) BRI &E PRSTSRAhPOR ‘H%W“ifﬁé[t%‘F waffr ihoPsRy YR apEccest FARELEBEY) to be
deposi t eehppdritd anjalstagelve clayqxioR Gigatiedhedulint t he processor 514 can al so be
progggmed t OT&%&E sb@ﬁcﬁ&ééatrﬁéﬂu}eaen@ Qr&éh%eﬂo@or nf3fok d@%&ﬁaﬁ&@kstohﬂ@édm&tﬁ@d' ngs at

portions of the wa 02 where | determ ne repetitiogn of in
circuit B‘B"eéstaf‘i%?{“% F"é%a“Frgm?%ftb@Fdr‘EfB‘P@ﬁs Ehwe&?“r%ﬁ’&ﬁ%‘eglﬁ&ﬁa%%‘f ?fé‘}""’d‘ﬁ‘ﬁnges in
t he st r ugibjactiegsoars 6tiathe plofedt life 613 onto tespedsing foatond df the afuctwred d0b rTvik ®®) Si nce
abrupt chang&sd du—i?arly@ﬁtaﬁ@fl’ a?s%{ggb% téehlﬁﬁcy Ec?oﬁlzgﬁgseﬂfaie?&édeo HJnHe&QHQ@e Ice

perfornance and | functioning fabrication processes.
11 gas Jaser) can be employed for carrying out aspects of the present invention. Atlributes (e.g., width, height,

35 slope) of the structures cause the light to be reflected in different, quantifiable manners. Reflected light 616 is
collected by one or more light detecting components 618. Tt will similarly be appreciated that any suitable
light detecting components (e.g., photo detector, photo diodes) can be employed in carrying out aspects of the

present invention. Readings taken by the measurement system can be employed in conirolling the fabrication
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12 MAR 2007 WD 2004/038787 PCT/ US2003/ 032656 In addition, the system 500
can be enployed in populating the data store 504 in a traini ng Ssta for
exanple. In a training node, the system500 can generate subsltZahiR ﬁﬁh y

uni que scawbevredey Signatures, which are stored in pherdsdododiare 504.
The data store 504 can be popul ated by presenting a series of wafers to the
system for instance. As such, the data store 504 can serve, for exanple,

as a si %ﬂ)@elss (Irﬁérgﬂﬁﬁ Hﬁg\%\% fﬁ:ﬁ%@é rdeDds hglﬁlrcalﬁfop&alﬁl@eobg p@stsc%% Woﬂlﬂl @Ren@bu ndance

of si gnatur es agal nst or nore nmeasurenents can C?E‘E
Al t er natoflzaf gf°°e%§?d theppby @ droeets Hetelrernhiggar e "GB@‘E?W’HB“’?;"‘S‘?"G e Bl at | on,
nodel i ndorandidontol Agnbls for qrie at mdrmmchﬂog@n@@enti@dbrmp«qamegpmaerbasoempﬁ oyed to

popul at ehe&@ﬁmg?ets&b%thg{eﬁta/\gcﬁlgegésggaeets‘ﬁ r.es against which nmeasured val ues can

be conpare reciated that entries in the data store 504
can 2l so, f o PelesiepFBem s ‘%‘P@‘l“’éﬂsuwaﬁﬁle@%%?hé@éﬂﬂoéﬁph&ﬁ HYesPiRep @PPIRE o per at i ng
par anet atisratiei@imiddlond14 pRLY thweghe: ralbl GlotdREnf. &\ @sitionink bystt HHStid abo inclidsd

intensit rat ur ressur [ ng

par amet cia bRel Bl ol 3B e cERRRUTH By Bt 0s IR Baseh T "0

st ored dwfia the ghambenfs. j nt o account the present value of one or nore
operating com;hid@m&mﬁbb@dam&& li@ew@ﬁpmeo th§h@RBLE0E for Rle@ivelpgtchiditge ef f ect s

t hag?]te:]eggseougc ermc s em n?xﬁq}ag?elg'hew n? uariuges?o fgxalﬁ)m(a) ogihla %su&%@&%ﬁd upgﬁ is to be

fur appréeci a

st r uct uraeang ofherchingsithegesirpst fhickaess/thinpasy of el films todp Eorrepd ow? wafir; theysige of ghe W&@?rs

t abl es, AohaRRKESE theThRBES By n@aapmusuhﬂomm@asl dusel'b&oa@aexdazsalcﬂl&s civbesofal t wil |
be appr erﬁ(;ilecgﬁts Ien?déutél’ (%vapgrrﬁo one or mo e% e%ﬁ?tgggr@ttosbef %d%g‘hgglby;k? 'ﬂx@%ﬁ gStore can,

for exa ysica .g., conputer,
pr ocess)Praideld ige thﬁdiym‘k‘/‘ethm@talcplﬁwt B hpfdqrpiages I‘thz&ﬁ?’%ﬁ’i’@e fﬁlﬁ%‘?s?:sé?f or | ogi cal
deviiges t(r@}tsga sing@inSA¢1e @52 lyelswnma@es il to\bQSppreBi&Emﬁdjmththhﬁ&le nokh€or siatgasm 500 can

t hUS be eEVF% ed ! O re?lgllil(fj(ﬁtﬁ gl'OVl el télsu aﬁ.a? ta§va190us fo&gy&l%lon \Naf ers and

circuitry Theren vant ages over conventi onal
syst ens @W&Qﬁaﬁoai:l litate only i nd| rect rreasur enents of the fabrication
process via A@bﬁﬁdﬂ&%stén@@ﬂ&lﬁb i ﬁ}ommfopéffédmgbyhddﬁim&ﬁtﬁa&e pbcetshhe chambe£606. such as

scri be | }5 NG le, t(l)w oxu’?( glon ans?e{n 6;11 ca{x E %n e sys eIm mc]tug.l%cal ﬂo&oﬁ&%@o@%ﬁ&cﬁw ng

hi gher quaelX sen con ors er-_consistency wth respect
t o 30r uchmiceopefiy m'erfomdlﬁw@nweﬁlﬁ@wﬁﬁlﬁeén th? trafeﬁfizi Fhpopidatiopgstep &3 & m: 600

f or noni ihedidt HGwa ReEpEMRE Eoatd] | bﬂgchaonearﬂaasz flplehenicd fyalépaa@ tempianps gaases 25
accordin 9 leamggr esent i nvention. A wafer 602, or

a porti one{nﬁe toreg*kge tempem%mé’ %rs wifly o 1 the g% gl cted as undergoing the fabrication
process and Haeesweeceﬁei ﬁ?ré;mﬁwﬂelywwﬁqd tesselegiivly regdptedig propsgie ikt PedREShH. The

St ruct urgs peds@e g‘yaém rdaflinéite, mﬁﬁfpmaﬁe srh@rewart arndmsdaommﬂgams cdahmaotagh t he

f ab&sca%.llﬁ,%pen 2 orc oseﬁl o%ar\éﬁé Va%{élz% to aSSI W% rgg[afaéngg{' 5; @re th Cﬁ&?ﬁé&% cogpon t he

waf er ported on a
stage or chu e”kCI%’DS’StEIe 644 is inaJded tg &euretmhemls@ a“liﬁ’em%‘ﬁb@%c@ ﬁ?lﬁmlﬁ q9f fhe F‘{H?ﬂ‘é@ a
measur engnt SkEyS haimg OdAnd dagreelmtrhbfaﬁfehe@g:aﬁ hecpiepapgisd © fhe tvhter vicabhirgat i on

process accor ng to _scat.t base ment system
610 has %s enscr glﬁ &nd orlmoreﬁ?hshenbgrp s(n shown% S%LII)E %%@g%%gfgﬁt pgong&g?%"tﬁl ght 614

ont o r esyyest pifhs Wﬁ@? gofl pofpepd &aﬂteﬁ@r@tt% WPEIW@%"“ G0 the fhyrry; P§h9ch@a°6§’e sual3isoE et at ed
t haBoanywaseu bdaailchrel fogle BeRidh eeau{gece Sbn,unifor RGO N R npSd abbibm:Zg&?kteln&geiﬂ | aser

di ode o I’ lljlf.'xlﬁlcgl}decia 10 :rt]acxéxgg 'é{e]}lrrxﬁh? 8rov1d as Gl Qu% r@m«?s c@ce%&\(gf Rt%(c?}aﬁé Bxﬁﬂ ihp g out

aspects resent I nve it es
sl ope) oWanfﬁ@veﬂtaPeiehamﬂe@n@aﬁiQe t he Ilght to be reflect ed in di fferent

quanti fi abl e ARG 658 EikEaebierel ds bi@htive®1bnnkcted to the chamber 606 for loading and
unloading substrates (e.g., wafers) into and out of the processing chamber. The load system 652 typically is

=

35 automated to load and unload the wafers into the chamber at a controlled rate. A display 654 is also included
and is operatively coupled to the control system 620 for displaying, for example, a representation (e.g.,
graphical and/or textual) of one or more measured conditions, such as dimensions of structures forming on the

wafer as well as operating parameters of one or more fabrication components acting on the wafer. A power
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collected by one or nore light detecting conponents 618. It will simlarly
be appreciated that any suitable [|ight detecting conponents (e.g.,,photo
detector, photo diodes) can be enployed in carrying out aspedts"'ﬁ«ﬁf?ﬂwhe
pr esent inw@%MQﬁWSReadl ngs taken by the measurenent syghRRkh@s05% enpl oyed
in controlling the fabrication 12 1z MAR 2002 WD 2004/ 038787
PCT/ US2003/ 032656 process. Information and data regarding the refl ected
light c 0 ocessed
ther oby 15" sE6e SRR e AR BB By BRI B Bl 06 ALY
f eedbac KPoFgyREY (efgeéﬂ@ryif 99 DRIERTEIhs fRRimenpdgrid e PRt BRSO nore f abri cati on
conponent s anﬂlvilwxarﬁmﬁn@tmtagonp&rn@mmfssns&sssa@jeats@ﬂcludad}emmltahd/amﬂascr| bed

herein tsoleé’:[‘% ces ng c%nﬁi rx}esq's/f é‘lcht Sber é)éATtE: o&lar sgns& &8 %j&oﬁﬁl @oggmfnﬁe,lan(:l uded

such as T6 ef ograp I'C processing substrate
to iPl u@mtatu@ﬁens’z,@awgweﬁt&%hpwghseasor, e Tfkéanemhe@ﬂwmﬁ mﬂ’P&Y tioning
S y st ]gem 6@@@& s@h&@o théohtlGstem azodegm&nmaimeaghmmn mmb%m s?é&ﬂﬂdz@m?u )ppor t

08 for selec 0Si t r 0S| s

within tﬁglmcaﬁ%)ﬁ%vgr %8(8 ns i élca[éd{;l er relv Eglnaols to 91sce whe !h ﬁbnczgmngra ;l COUp| ed
to the ciesrsing aGBered. Ghre s@lr@estsiemé?%regyla@w@ﬁam:gamwocgﬁ%msw%@ﬂ& als into the

chanmber @deivVfoyhl i Gnefih@dRbnk lykt@l%lb Qndftﬁbfomexf skrdsé¥k 658 bPRaptiLons U@ﬁird’c?ﬂle 60 f2 . Ibas ed
S of t 1fms to

upo a other thin d. 1 hi cknes /th| n
b0 18 el sEPORgtr £ e R P S R RESIE et 5. (e
chanber . oxBgptiopsyptern £34; teipesatorecststegrt36, pryesurg spsterd H3B fﬁMbmtp@ﬁMmeW@z@Sl ncl udes a

source OfndfRr opgﬁﬁgﬁbbﬁe@ﬁgdsdéMeé ﬁeﬂ!ﬁfﬁoﬁ‘ﬂe c@tftroggléfenﬂfan ﬂﬁﬁrsﬁecﬁ@%ﬁhjﬁs%ns ofddd are to
be forned on t he sub?ﬁ 1?% gas Dr oV ded | iLnto (pesul% hagher through a
condui t BB BREEFES “ﬁ&‘t“é"é“i %‘%"6‘%"%"%"1’3 ﬁ”\ﬁ%‘i‘%aé““ P Blirposes Bf 15

br evi t y, wiorgitnef kepeatingzy $iguigBEeiires. shown in Fig. 6, it is to be appreciated

t hatysnore th@da@@%reﬂi@(i@lal@) RiudQANBE exBiRsie shéldl ih Moy THIRGH 6tk 66WBanRYe, e Ut | i zed
to prowde)g XL ures and/ or

onment e s R sl PR B st onpauat Dbt Rulla o R elumicn ng
oxi dat i ovrew md mpasutementy cocteseimatyd.chngivbie the 686store fap be stoxed Wi EesPectirrerPBistingat i on

sys: em F@aﬂmﬁ@@uﬂa& v@mﬁlmw%% ooaaamsdy(pg B8R Sy R, Ih&mezgmalaﬁbua@d/ or
vertica

e _ope erformdiffusions an oxi dat j ons on
the s ubs¥otlugte/éateg6§ re ai:ﬂn C gngiledgo facph cgﬁ%m Process paiarannéelteu d(énei b more meaS'erlTpel‘ at ur e
cont200l vatuesagety commated ty) Onmymlbenmmﬂew@ma@dmwe a by dipratreacbing ¥PElRETIr e System
636 eff &ﬁémseseto tgéélgl%@@hﬁ ﬁi“@rdfb%ﬂ)ﬁ& Shatetl] BatRBEARANE LRI B m:me Bﬂéfaﬂrxgtpﬁt@mefﬁd?e?dﬂ&?rh 606. A
pressure s s si.m | ar r ovi ive regul ate the
pressur e’ \f&#/ felﬂﬁeggbflﬁagoncpﬁm%mmp%%”éﬁ i eveageém% 785 %%eé@p#%th %cl ude, for
exanpl e, caevairaion apdioranixpusmef gesesriidbhyibuted 1@4@e braqstssng chmbemy %W@%’aﬁdﬁé&ﬁm 25 be

opened am{e@ra d&lr&lﬂ&z@l omm\ga)w ﬁﬁs @l%ﬁ%sn JaRa1@58b Sito a¥dokldthé Seket ddidedfJont he
presgure wth gurgg64€n|y|3|ncl ded Eofamlltate
S

P e ot bprchi Sp AT o BRpasoh s HR e ST E s SEteep b 20" | g
varyi ng okttigeémaugly teriopuatd thﬂehfestsre é@rby bieserving srudtiresddrpedgivrivigia spfningresige ffaf er vi a

a Isl u [ r Yexlaxqfﬂi mﬁ&%elﬁﬂltﬁm amente&naﬁmy%bgaﬁlng smem@immam nﬁoaafnng &h@m)ﬁcﬁag bet e
sel ecti ve rou I Nt O C sur.f n rotate
"ol at i verilere e PSR Rerieees pE M B ekt e

surface miueﬁhebe&@nmﬁer and structures form ng ther eon to mti gate
non-3gni f orm tnflstJHéEpp@e’éﬁt@@&lﬁthemﬁIr@dﬁbEﬁsﬁﬁé%&tﬁﬁuﬁéﬁu&&em&luﬂﬁhé Bfihyt 1 ncl uded

to faciljtate el Ching. oY Bl o IL0, YAl 04, J4ARL L 83 At E GAGEMIAL ons of

the data store 660 can reside on one physical device and/or may be distributed between two or more physical

devices (e.g., disk drives, tape drives, memory units). In the example shown in Fig, 6, the data store 660 is
operatively coupled to the control system 620 for correlating entries therein (e.g., with other process

35  parameters). The control system 620 may be employed to populate the data store 660 (e.g., via the
measurement system 610, other sensors 658). Alternatively, the data store may be directly connected to the

measurement system 610 and sensors 658 50 as to by-pass the control system 620 during population.
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waf er 602 via an etchant dispenser 650. A |load system 652 is al so depicted
as operatively connected to the chanber 606 for |oading and unl oading
substrates (e.g., wafers) into and out of the processing chapbenR 200he | oad
syst em 652wbypispad7ey IS 35 automated to | oad and unl oggriResyed8dsS | Nt o
the chanber at a controlled rate. A display 654 is also included and is
operatively coupled to the control system 620 for displaying, for exanple,

a represent aﬁg& @ 0@& fle, the EbhH Q}s@?tlm(ﬁ{i@!d%ra p¥o€e>§sro%b,_)sucgtas agﬁ@roﬁe?&es‘%? ke measured

conditions, such as dinensions of structures formng on the wafer as well
as oper &FPrfgunld fogmsmery 6640 fThereesser SpRgpeeives dp g informsfio ting on the

waf er. Ayspove and @rrdsponAROIRD Qifa AR (ROGEY BBETET. BEFLISIOB HABREBGtveuppl y 656
bl s : . vy t
IS also cb@%lh Fgﬁﬁq’gﬁ&e Wtﬁ%‘ﬂbﬁ&g%OC%E%!aﬁés?(?.Q%‘éﬁjécuoﬁl@{s&lFlﬁzf{?AHA MY ém%bgeabe system

600._Any sul | ower su ter i ne” power)’ may

i npl e islutign wHen §78 opiduisriysen pRfcipre e sy ChfePrestunIiEn 038 At Y¥¥%ed, one or
m)lr e ot gm tBIRRSRks 665 B falieteatiedvd dadolteds [Te provaistroir CAU d620mayrve ag uf

sel ecte .0cessing ¢ ition iLthin T r sensors
55" rmy NALP oAy S bin L5 il e U8 UAER ol ol g 08T 2DCST %
pr essur dunsionsdsperibed hesein Wi e spadily epparenstofiope hadngordioary gafkin gyt pedorle  respecti ve
si gnal s deQrifibepréaed teRln. Syst em 620 regardi ng the neasured paraneters. The
con{t ol syst 620 . in.turn anal yze th i fd i ndi y the
recggved sigﬁghngg%gﬂgog?ﬁe%ﬁgﬁﬁng¥ﬁ§r%ﬁ%ﬁ%%%&fgﬁggﬁg%gggg?%&ggfogressing
as desi résfor cpmgngoBipRe @ morspEthefipcgom deserived hateis The Fremera BrY ipcditdp-&% e PPt ess i n

res ponS&nggmﬁin@Eng (BOMJ A28 hdbhcdetsQifinby ];gzmvgam(r)aemmgi&ya&;o@mﬁﬂcﬁdemd t he( ot her
sensors tin e .0 re. of the . ] ats (e.g.,
ot o ect 11 e PR i EIB i oHRG wal bl b B GO PHBRRARL S L0
oxi dat i dhe mARemay §B4vhich fheprepatipg fyemsand wrplienips grosrpnsassderiel Therapy §8g0ay ovp
SYS18M Gdd ser@lasdbtonge Bedfb@sdahSrhrily A6tk Gforfia6d 2ad daRGncRaih paRkidmSthasaoe! at ed

ther ewm turs]éﬁﬂjl;lhcgncl:orgﬁtgr%lo 1?1 r% 1e-'ls.%ec %?gﬁe trpsgxg in§%'o%c Ir\xégsls t?‘s%r%%,tthe% or be4TOT €
operating paranerers of "Oneror ‘nore of ‘the fabricatlon conponents to

m ti gat emayaseisdydeghaddisy finivg (c.55 0 Figabyterha drivelning aysribarpy epmprise sasof HgfPs circuit
St r uct Ur 6 maih@ind wikeih e 8tz @60 1S al so included in the exanple shown in
Fig. 6. The data store 660 can.serve. for . example, . i signature
D acy that e 8 Soudpilo BaMaR kol i SHBRY EniclRudb BhARL (5 012 L1 )
oneZQr  rmecessing ashasdersrampleciyAropiorippiaiferity ofrspating & qrpnitshetgs id e¥ &r e can be
stored WilePsetisesqaRRtiohsyRsobited withi ttGrocfa MAERb@EE ddititRdhs pidvide Bard tagy upe ivaiclobt ai ned
(e.g., Itlll c%rgopsa g émO& }nnét ifennlgllné[nyfeed z%%g{ t%}w la$rocel srchﬁzi%f;'?g e oﬁ%%on%n?&olh lWiwt Ion

vol une/ rat e) A Bl A B RS an BE T or ned fo TacTriare correlating process
par anet e siqyfialaty so 3y seleqiipdsadans gneppmerafabrisaiop e ety HPRAPEH e FEBES or nor e
entries abotiktbdtheidd@h 1d adh@Rvéd deid feSultTuch abigpesting BGcuitBtuClile R forhity] Eitig@D| at i on or

ot h%vvi sdeM}1 Lo gener at eblgtglgrd CLSoarngv%{m%zbm %F(W%Ed control data.to control one or
nor & operati ng paran@?ers of cone of re the fabrication processing
conponent s t clugnin pewte Figs: ddsih pcsetdangestith pne oppere aspesiyp tee Prasepbinyention, a wafer

c ﬁ n ﬁg nt r-akie ane@ﬂd@l{rodie l_Biiaiéla mele%npiim@a&es stible $¢4l’hn:ia§9bbtl6gﬂ:ail}rﬁa@iﬁ6ﬂ66iln@ eOCHRRY P'g |
chanber ..he selectively.adjust.ed to ve a desir ilm

o oneh RBE pp Sl of ok A SRRl (IR Rt lEShOR o B L Y
one 25 ofebrisgiorpreqstsr Heid ey facilisigistlecavely detereying & hatigpent dftany. Ebrigafea Sdipments ot ¢
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may be divided into a grid pattern as shown in Fig. 8. Each grid block (XY) of the grid pattern corresponds to

a particular portion of the wafer 702 (e.g., a die or a portion of a die). The grid blocks are individually
35 monitored for fabrication progress by measuring repeating in circuit structures with scatterometry based
technigues.
In Fig. 8, repeating in circuit structures on one or more respective portions of a wafer 702 (XiY ...

X3, Yy) are monitored with scatterometry based techniques. Exemplary measurements produced during
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=,

implemented via software, hardware a combination thereof or any other suitable means (e.g., device, system,
. process, component) for carrying out the functionality associated with the blocks. It is also to be appreciated
that the blocks are merely to illustrate certain aspects of the present invention in a simplified form and that
35 these aspects may be illustrated via a lesser and/or greater number of blocks.
Fig. 10 is flow diagram illustrating a methodology 1000 for monitoring and controlling an IC
fabrication process according to one or more aspects of the present invention. The methodology begins at

1002 wherein general initializations are performed. Such initializations can include, but are not limited to,
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25 di nensions within acceptable tolerances and m nim zing of overlay.
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”“dez%' r egocy ﬁ‘n lfectcling s)can bel?eld%{rwan‘i tto p?szexpcje_sgrgb Et gnci or freg%pﬁlexg \%%‘gr%sn to gor% sirable

fabrication "Ton exi s ion o e mapped by
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measurements taken, as at 1006, can be compared to acceptable values, as at 1012, prior to determining

ﬁ—

whether measurements have been taken at all grid mapped locations, as at 1010.

35 Fig. 11 illustrates an exemplary scatterometry system suitable for implementation with one or more
aspects of the present invention. Light from a laser 1102 is brought to focus in any suitable manner to form a
beam 1104. A sample, such as a wafer 1106, is placed in the path of the beam 1104 and a photo detector or

photo multiplier 1108 of any suitable construction. Different detector methods and arrangements may be
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exanpl e, the NBASH @RROS GdhaRuaRApared to acceptable values to
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AddBOT ongkdoyrm in@kisith, Nva{rdlbﬂvtﬁz{nﬁ ﬁ{aﬁﬁé Wl can@a@raﬁe gguﬁtaﬁ@vph@e ﬁ@auda eoaéraddyz ed to
produce fespec
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val ues fpulgtien yé@mdem qgnt be@mﬂap‘b@dmriwye asqamsagaw whighmgasuigd a@tiSéY/PhaWat ionis

made as ggRabQhi R MmaRkkd. In one exemplary aspect of the present invention, simulation, modeling and

observed signatures are stored in a signal (signature) data store. Thus, when intensity/phase signals are

q

35 received from scatterometry detecting components, the intensity/phase signals can be pattern matched, for
example, to the library of signals to determine whether the signals correspond to a stored signature.
To illustrate the principles described above, reference is now made to Figs. 12 through 17. Referring
initially to Fig. 12, an incident light 1202 is directed at a surface 1200, upon which one or more features 1206
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events CI%}e ret?e%t? and r&ra%ogg{ t 319: dcxttEgh??&q_%aagmf{egf%tb%g@tgﬂs &El@cgngj lﬁt 1Fo't ﬂmtecl-g FOI’

exanpl e, measur ement s e conpared accept abl e
val ues, thegreggpcephany or parg feﬁt“fﬁts é4?é rddhapompasigon ofbesubwste 2R uRgR é(ﬁﬂﬁ’[‘“sfeﬁq‘é“\? e been
t aken at14R|rJ:s1dgl’Eodexﬁﬁﬂl@ gﬁp&ﬁam&ue SubStrated $203iicluditg] But néd Emitsd g theliflickinsh ofallayat es an

exenpl ar. X%Z tﬁ%ghgn%[:a? rgngé] {n\és o% Xﬂ? @1439 I rg%] Qy {119/& réﬂgaiwgg(ﬂ)g I&E %Ef!é %&2 Véﬁetﬁgckgég@ or nore

aspects 0 |nven I on. roma S brout%ht to

focus i rofalyr ]s“ﬁ‘? thg shemicpigrpawtios pigheleyprif2f. thpepasiy sopfnrefleativdty pijhedayerd ftdh®es 4
waf er 11kéknesd & a Ry 0428, thathduliRl ppepbiies@f thé BRr Do BdlikGbacinsld/e rgfhatvity detect or  or

phot o mﬂg%r &Q 6 o aftbct B e Ecné}l’l}(dli‘#éﬁ%}%ﬁ% “i\/%@%%{f 1%%3 1ot é}@ﬂ%ﬂegt@é ect or

net hod arrangenen 8787
PCT?QJSZ@G@?I%Z‘E@G“"@WPW%S o e Beiggohight A 1%%%@?"@8”%%]‘%1‘42’?’ &%t ed
power . AneMayers 0f22,Q6BiSE01426 Wlibougiothrediayers3 Uizt &MﬁddﬂSh@mnstratﬁmiy Figel4lisiet to
D O0es® HATREEhE! ok EAUME Sur bl ARG il cellUmbed FLLERLL: L 0L LY

propertie Specul ._polarization properties of
t he specul ar ITWéf‘Q“é“eF’édil@@ﬁfhepﬁmﬂt‘eaﬁ@]ﬁﬁ&r” 1S§E‘§’taie6ﬁ§feéfffd€ﬁ“¥f & ent

diffr actsetdua@er 1320 Gn belibuSd ofbre@hinort BfdrsaIG222 th2f ka NFA6 N EheBAIP1 560 A HB Geflamed be
accygat g é?or%%ﬁéﬁrhﬁﬁ 158 ﬁ%%ﬁ&?ﬁghpﬂcﬁé&%e%?nﬁ A9 &( ”o‘lﬂtl%ﬁé?se&f aLL, gl oyed

in accoraaance Wt nor e sent | nvention are
di scuss eaamgie; e Iﬁﬁ@éﬁé‘bt“t‘%mﬁgg]é ﬂ“?LPZ@SSE?ﬁ”S%‘EHIPf@?‘ ‘r1942|dsffe§ Sepdkareue for
ext ract i 13§p dué, rahéagtriaﬁanamhamﬂmmamcﬁausrsbaﬁeaa;upmmmmgqb an incident light has

been di rect edpy, 5 ERLEL AP il o P {agwmte}ta%&mf&,gms sg)%uttd';'&fa&%génet ry of a

sanple to its seatterl ronet
di f f r act"hésh 2t Bagsarigkidas beesé@ac% rGpiforgpatiengan ‘E?éx‘ﬁ‘ﬁ‘ﬁq Weaévz’e*éph&ieqeﬂ’ ¥e
I nf 80 MatiheRiyGRRILT R bdﬁglepfeﬁ@eﬂ trldRBdiffracddUight "The infddity B@lor thé phate@flhd ©flectdd

hor.i zont g [ res {5 ng,
er osi on, (|llo/(r)ro ?cegﬁ htw1|11 ]%f' C{O&P#tggrlrgélgg{rfgesm%fe? sur%hzhceglg%mr&gdfteatﬁ%lr es
present ip Wbﬁa“%lw fnaqye Sl"ﬂFW@S ihﬁP@errﬁﬂyﬁ?ﬁ tocdgigrmiing oRe,er mere PreRprtisy of S AR URY t he
phase &ﬂﬁi{h@femcﬁ&@ﬁ@t\bﬂyd@&e@ ref erence Ilght directed onto the surface with

phase and/ or T&sgltg gcgt elrc;[ etry m p. elmgntlgéc on@‘ orcn? nepaspexts of the present invention facilitates a

35 relatively non-invasive approach to obtaining desired measurements, which can, in turn, be utilized to facilitate
achieving desired results in presently occurring or subsequent processing cycles.
Described above are preferred aspects of the present invention. It is, of course, not possible to

describe every conceivable combination of components or methodologies for purposes of describing the
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reflected and/or diffracted light resulting fromthe incident |ight
reflecting fromand/or diffracting through the surface upon which the
incident light was directed. The intensity and/or the phase ¢f Myhéi7

refl ected wodbawosgsr di ffracted |Iight will change based ggipsBeskices of the
surface upon which the light is directed. Such properties include, but are
not limted to, the planarity of the surface, features on the surface,

voi ds i Npbd@ 1n$é1lﬁcfnal§1@one Bmmnaﬂtléﬁﬁ garthe‘%ﬂ gulprﬁcogrﬂg %xa&ﬁan} ﬂ%ﬁ%@m&ﬁ&a&@tﬂm the.

surface. D'ffere jnations of the above-nentione roperties will have
di f f er en?TBFFEE f’g ’%Pﬁ“‘f“h‘é"e&t‘f’aé@ P°S§Ha/éff°fihrﬁ%ﬁgprfﬁntawenﬁms ‘FtFR‘?chf%ﬁ’Ebfﬁ“? ght

resul t i ngflshgh akerdtistts amidifigdtions anthviaxptiens ihat fghwithinyephifced Sopg bRkipRaded dlaikhie conpl ex
20 reflected and/or diffracted |ight. Thus, by exam ning a signal
(signature or stored value) library of intensity/phase signatures, a
determ nati on can be nade concerning the properties of the surface. Such
substantially unique intensity/phase signatures are produced by |ight
reflected fromand/or refracted by different surfaces due, at least in
part, to the conplex index of refraction of the surface onto which the
light is directed. The conplex index of refraction (N) can be conmputed by
exam ning the index of refraction (n) of the 25 surface and an extinction
coefficient (k). One such conputation of the conplex index of refraction
can be described by the equation: N=n - jk, where j is an inmaginary
nunber. The signal (signature) library can be constructed from observed

i ntensity/ phase signatures and/or signatures generated by nodeling and
simulation. By way of illustration, when exposed to a first incident |ight
30 of known intensity, wavel ength and phase, a wafer can generate a first

i ntensity/ phase signature. Cbserved signatures can be conbined with

simul ated and nodel ed signatures to forma signal (signature) library.

Si mul ati on and nodel i ng can be enployed to produce signatures agai nst which
measured intensity/ phase signatures can be matched. In one exenplary
aspect of the present invention, sinulation, nodeling and observed
signatures are stored in a signal (signature) data store. Thus, when

i ntensity/ phase signals are 35 received fromscatteronetry detecting
conponents, the intensity/phase signals can be pattern matched, for

exanple, to the library of signals to determ ne whether the signals
correspond to a stored signature. To illustrate the principles described
above, reference is now made to Figs. 12 through 17. Referring initially
to Fig. 12, an incident light 1202 is directed at a surface 1200, upon

whi ch one or nore features 1206 18 12 MAR 2007 WO 2004/038787

PCT/ US2003/ 032656 nay exist. The incident |ight 1202 is reflected as
reflected light 1204. The properties of the surface 1200, i ncluding but
not limted to, thickness, uniformty, planarity, chem cal conposition and
the presence of features, can affect the reflected |ight 1204. The
features 1206 are rai sed upon the surface 1200, but could also be recessed
therein. The phase and/or intensity of the reflected light 1204 can be
nmeasured and plotted, as 5 partially shown, for exanple, in Fig. 17. Such
pl ots can be enployed to conpare neasured signals with signatures stored
in a signature library using techniques |ike pattern matching, for exanple.
Referring nowto Fig. 13, an incident light 1312 is directed onto a surface
1310 upon which one or nore depressions 1318 appear. The incident |ight
1312 is reflected as reflected |ight 1314. Depressions 1318
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will affect the scatteronetry signature to produce a substantially unique
signature. It is to be appreciated that 10 scatteronetry can be enployed to
nmeasure, anong ot her things, features appearing on a surface, features
appearing in a surface, features energing in a pattern. Turngqi @ﬁf to Fig.
14, conplqébgﬁ%%ections and refractions of an incident Iighi~£ adlar e
illustrated: e reflection and refraction of the incident |ight 1440 can
be affected by factors including, but not limted to, the presence of one
or nore features 1428 and the conposition of the substrate 1420 upon which
the featurles 15A systan () that nositorsieadsontrols p spricondistarffabriation pecesst e 1420
inC|UdingmoR#ﬁsﬁ%t limted to the thickness of a |ayer 1422, the chem cal
properties 0 ¥ “layer 1422, the opacity and/or reflectivity of the |ayer

1422, the thi clavassureafentisystne(1064322, 610pthatiamh4d vip scudefdnmets wiked he | ayer
1424, the opacity and/or reflectivity of the layer 1424 the thickness of

a |ayer 149¥miquedwithaeneating pr eipsaitstrastusss (1 Hu204302:40046%4) thatare fesmederi t v
d/ flecti Vi Lect | d/
Cofr et | ot BakbdroRbed Reter hENE GO RIARS GheH BE hiFicefiGh bRRST Y DY,

refracted dandght 1442 may result fromthe incident |ight 1440 interacting
with the features 1428, and/qr _the |ayers 1422, 1424 and 1426. Al though
three |ayers 1£09ntrohsystennd0246%0)) operafivelycovniecie themepgyrement systemand o " pe
appr eci al afhelod Hord Pl dilofy oAb 1 040 Uik dei6les & 11 BhERbALar R poRURDET  Of
such layers. Turning now to Fig. 15, one o? t%e properties from Fylg. 14 1s
i |1 ustr at experableoecatmpensdte far hn uifdveeptsbib meaamired 426 ofane drandrerimeicuif one or

nore |ayers 1522, 1524 and 1526. The phase 1550 of t refl ected 25 and/ or
refract ed YPGHEes 3ot b ome 10 Of$hEcht et QReabREation SPERLISNE o par
on the thimkRpemting paralndksd assbhted FiRE Gt 1edsPEnd BRtatibncdmpbibiistd N Fi 0.
16, the phase 1652 of the reflected light 1642 differs fromthe phase 1550
due, at | cdlept the fabsication pyocdse infiespagise ta reafiingktakesby thetrheasigyent 6RM i n Fi g.
16. Thus, (slﬁgg%fr&gjetry is a technique that can be enployed to extract
informati on & ‘surface upon which an incident |ight has been
directed. The information can be extracted by anal yzi ng phase and/.or 30
intensity signals of a conplex reflected and/or diffracted light. The

i nt ensi ty Zand/ ofhersystemrpfsdain 1, prherein theaepeating imeirauit sueturescoarise ght wi | |
change bass%ﬂst%ﬂi%&%?o%rﬁfeﬁ%a‘}fcsthe surface upon which the light is directed,
resulting 1n su fanth a I'y uni que signatures that can be anal yzed to
determ ne one or nore properties of the surface upon which the incident

light was directed. Using scatteronetry in inplenenting one or nore aspects
of the present Thﬁ/sé(ﬁﬂﬂcﬂig‘*ad@i b.itheredn the stmctuggs{d 14204, 392’405{@4%?% appr oach

t o obt ai ni PELAeSLb&Sht $ t i can, in turn, be utilized to
facilitate gchi ev?%bﬁggsﬂ}%ﬂge@gﬁghﬁﬁerbresent |y occurring or subsequent
processi ng cycles. Described above are preferred aspects of the present

invention. It i.s, of co e, not pqssible to i eyer oncei vabl e
combi nat i ¢h of @Wﬁﬁ@rﬁw’s"?%m ﬂ&h‘?%lﬁﬁgﬁt‘é‘gmfﬁr(?g(ﬁ%gggﬂég’ %/% cribing the
19 12 MAR YA J Ll onrcbut one
of or i mar e O B e e S e P CR L ons
and pernutations of the present invention are possible. Accordingly, the
present inventign is intended tq enbrac |1 such alterations, .

Todi 11 cat ibns At VAEMLQ! GG 1 Atherqin 4 Y5uefires CORESTIBI P PRs ARMOIRRBLRNS ¢ he
appended cdfainlSRAMZAfemory cell.

6. The system of claim 1, wherein the readings taken by the measurement system
(106,422, 610) are compared to at least one of predetermined data and historical test
data.

7. The system of claim 1, wherein the measurement system (106,422, 610)
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12P 82007 CLAIMS 1. A system (100) that nonitors and controls a

sem conduct or fabrication process conprising: a neasurenent system (106,
422, 610) that interacts via scatteronetry based techniques with repeating
in circuit structures (110,204, 302,406, 604) that are formed qn maatjpj7east a
portion of a&va r as the nger trlclatesthréj hefabrlcatlon
process; PSHAYSaIoReayresal sritigal shmepsiqng apd aysy a(3,’oupl ed to the

measur enent system and one or nore fabrication conponents (104) that
selects at | east one fabrication conponent operable to conpensate for an
unaccept alf. e nmeBwisystemvadicleamdy, whereeinthermeasuiement systaint (106,422410) es and

selectivel ts one or.nore of..th I C nponent
and oper at g"!ﬁ LPERRreS aééeéﬁth"ﬁtoéé‘e\ﬁsf &tﬂ(gh @1@@@36@8@?@@3 Eg’(el on
conponent &eﬁé&tm@ﬂﬁﬁ?ctﬁﬂﬁ‘ufzﬁﬁ%s'(@% D4 30D Q()@ 56045 fb fEHRANS Betb@nib@fgh 610S t aken
by the neasurement system (106,422 . The systemof claim1,

wher ei n th*ehqtl@gélmstwgtqres (dllé,éﬂ‘i,ﬁo@ﬂoécﬁ )@ge lumgoformedumfmsﬂjamnhmuhy

el ongat ed 1}<s. 3. The systemof claiml, wherein the structures (110, 204,
302, 406, ‘are oriented substantially in parallel to one another. 4.
The systemof claim1, wherein the structures (110,204, 302,406, 604)
correspond to one or nore portions of a nenory core area of an integrated
circuit (1%). eWﬁé“%%fﬁ%bwlﬁr%ﬁheﬂne%ﬁ@ﬂ@nhwﬁwgl@WRI@FWes correspond

to one or nore Qrtr'nﬁﬂékl ﬁf%@ﬂ?§Wd%m‘{§Y}eﬁ}%Hen g?i%%‘%ﬁg]r‘?‘%ﬁd aim 1,

wherei n the readings { QKB he neasur 0) are
conpar ed tstruettirdseagt one of predeterm ned data and hi storical test data.
7. The system of cl ai mii ei n the neasurenent stem (106, 422, 610) 21
12 MAR 2 0 9 7 OnS&rimpe ghqva}t%ag Gempongnty tb@tsqollsﬁélg& reflested &9 @€ mensi ons

and over| q'%%eaﬁng T@&rﬁﬂtssttﬁgilﬁés, fHedbildcted I‘(‘Qﬁ gt LIﬁ'%t Sonke %Eﬁﬁ%l 45 ystem

(106, 422, peri odi cal neasur es one o her ght '08), width

(410) and lsﬂelme', pha@)andﬁ)olaheathmehe: fabgcatmtrpromss progtesses tand dx 1epdAbing 04,

302, 406, 604%1&8 a%lﬂ_l | tvﬁtle a determ nation of whether the structures

(110, 204, B3¢ 4y °W¥ being formed uniformy within the wafer. 9.

The system of cl al m 1, wherein the nmeasurenent system conprises: one or

more light emtters that direct light incident to the repeating in circuit
10.  The system of claim 9, wherein output from one or more of the light detecting

components (424,618) can be analyzed to generate one or more signatures for
comparison to one or more stored signatures to determine at least one of whether one or
more of the repeating in circuit structures (110,204, 302,406, 604) are being formed
uniformly, whether one or more critical dimensions fall outside of acceptable tolerances

and whether overlay error is occurring.

11.  The system of claim 1, wherein the control system can control at least one of
alignment, exposure, post exposure baking, development, photolithography, etching,
polishing, deposition, exposure time, exposure intensity, exposure magnification,
exposure de-magnification, movement via a stepper motor, temperatures associated with
the process, pressures associated with the process, concentration of gases applied to the
process, concentration of chemicals applied to the process, flow rates of gases applied to
the process, flow rates of chemicals applied to the process, excitation voltages associated
with the process, illumination time, illumination intensity, concentration of slurry
applied during CMP, rate of flow of slurry applied during CMP, degree of abrasiveness
of slurry applied dining CMP, pressure applied during CMP, baking time, baking
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structures; and one or nore |light detecting conponents that collect |ight
reflected fromthe repeating in circuit structures, the reflected |ight
varying in at |least one of angle, intensity, phase and pol ariza¥ivillhs the
fabri cati on process progresses and the repeating in circuit structures
evol ve. The, s m f claim9, wherein output fromone or nore of the

| i ght det éE‘PP?f@ %ﬂcﬂ?ﬁ tscoé‘ﬁ ra§98Y can be anal yzed to generate one or
nore signatures for conparison to one or nore stored signatures to

determ ne at | east one of whether one or nore of the repeating in circuit
st ruct ur esl 1104 a@thod3op mbdBerigHad @miroBirigrgseimcanductonfabficatiohproosket her one
or nore critical dinmensions fall outside of acceptable tolerances and

whet her oV&MP: ?Nn@rror is occurring. 11. The systemof claiml, wherein the

control system Iﬁ@d&uﬁﬁ’%" Wa%batﬁérroﬂl@tﬁs Bas@ﬂ' €chhiquéd b UFere répe h%lrcﬁ‘i@ st
exposure baking, devel opnment, g hot ol |thography etching, - polishin

deposi ti orﬁtfué‘?eIis(MQﬂ@‘h r$92 486 194) fasmiing emef least a prpivmnf @ Wadendsthew

exposure vV nt via a stepper notor, terrperatures
associ at eg’&dg@&{hﬁe prcgﬂg g%cgsggssur es associated with the process,
concentration afeveloping o@ﬁﬁblcﬁﬁaba&edh@nﬂh&%‘@g@em@ﬁ@cent ration of chemicals
applied to thecfprocess flow rates of gases applied to the process, flow
rates of cheni dgpdingifisicoatokdata pidegst @%@%fOWélaﬂébﬁ@W%Mm mp8oci at ed
with the ntime, illumnation intensity, concentration
of sl urry%&q ?"éét’}é‘clﬁ’?‘ﬁér?gé rate of flow of slurry applied during CWVP,
degree of abr asieleetiedy adjubtig) mtrergt nacms lof e tdbnidaltlgn GMBpormhaS(S 04)oramp lor ed
during CWP, baking tine, baking ého P~, nper at ures and
etchant cdREEMPEEYNG Rarameters %@Sﬁgﬁfﬁé %Wlﬂhmdtaeﬂhﬁéalawaﬂwrp?@ﬁ f9ng a

sem conduclipch8hE ik ah'ulohABR HcasiRRANR aBbrdMEAS e il e Cal L er omet ry
based technldhes one or repeating tn circurt structures (110, 204,
302, 406, 604) form ng on at Ieast a portl on of a wafer as the wafer

undergoes ti o ss V control data, has ypon the
nmeasur erren s; %c’flﬂ éﬁ%%gflfé%’é’t“ OHwogents B’FW%F gﬁﬂ ®&ckwar d
to one or dflhrlﬁo etﬁ&{ &38Rl %sﬁeﬁag @?sﬂérﬁ AUt EGA R dy¥ihnY oRidhtis dyS@ndne Or
nore of the fabrl cati'on conmponents % or one or "~ nore operating

par amet er stemperstiire sxstenn ipressuiet ystem, @bﬁbsystem afdétchingtsyssempr ocess to
conpensate for an unacceptabl e nmeasured val ue according to the control

data. 13. The nethod of claim 12, wherein the fabrication conponents

i ncl ude at14. easThemetho@lof dlajih 02 SRikth@ tompiisiE: 102athd b drtfors Y§ieatihg HAS

di stribution system oxidation system
circuit structures for measurement.

15.  The method of claim 12, further comprising: measuring at least one of height,

width and slope of the repeating in circuit structures.

16. The method of claim 12, further comprising;

determining at least one of whether one or more of the repeating in circuit
structures (110,204, 302, 406,604) are being formed uniformly, whether one or more
critical dimensions fall outside of acceptable tolerances and whether overlay error is

occurring.

17.  The method of claim 12, wherein the repeating in circuit structures (110,204,
302,406, 604) comprise substantially elongated marks oriented substantially in parallel to

one another and correspond to one or more portions of a memory core area of an
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tenperature system pressure system CMP system and etching system 14. The
met hod of claim 12, further conprising: |locating one or nore repeating in
circuit structures for nmeasurenment. 15. The nethod of claim 12, ;H{t@ﬁ!f
conprising: neasuring at |east one of height, wdth and sl ope bt Mt
repeating .in circuit, structures. 16. The nethod of claim 12, further
conpri si ngntegefedrHcHiti)at | east one of whether one or nore of the
repeating in circuit structures (110,204, 302, 406,604) are being forned
uniformy, whether one or nore critical dinmensions fall outside of

accept abl el& ol éflennethodoficlaine | A cfurtheraohayisingr dstermntining evhethrer todischrd thehe

nmet hod of claim 12, mﬁre%élfth repeai}ig‘% incircuit structures (110, 204,
302, 406, 6V YRmEhonsdhargeihased pupcostberry spdlusitar ks ori ented substantial |y
in parallel to one another and correspond to one or nore portions of a
menory core area of an 23 12 MAR 2007 integrated circuit (1C. 18. The

met hod of 19 ai nitkanethod vhelpine dAprheseinghe strictwres qurresponiddo e ot mowi scar d t he
waf er or por ion? tﬁwf based ﬁn a cost benefit analysis. 19. The net hod
of clai m B2rIRE &t WEPLretGt'es correspond to one or nore portions of
an SRAM nenory cell. 20. The nethod of claim 12, further conprising:

mappi ng the wafer into one or nore grids; and neasuring the repeating in
circuit st3ct ubhesmethod péclgim 42 fupbedomprisingons. 21. The nethod of claim
12, further co ising:. diLecting lLight i.ncident to the structures;
collecting i g@gﬂrpﬁgglgtvgaééﬁlr%)n?r%hoé Y EET0PBE; and detect ng variations in
at | east one ofmedsgtigg thetpoasing ¥n cipduSstruatieesd i dricrhagped 0bcatibhre 1 ef | ect ed
light as the fabrication process progresses and the repeating in circuit
structures evolve. 22. The nethod of claim 21, further conprising:

devel opi ngysi gNAtdhEfod bPBfR $2 FaHth&Uofithrlsnght - and conparing the
signatures to one or nore stored signatures®t o determne at |east one of
whet her one or dimctnglightiacidapaeathiesgructurest rcuit structures are being fornmed
uni formy, whether one. qr re critical dinmensions fall outside of
acceptabi e tol e‘ioilﬁ%tggel‘éﬁae%?@ m fhestugturgssagb cur ri ng. 23. A system t hat
moni tors and cofidchg varidfits RS Bhe bARIgIE AltkRity PHIHSE SR pARRibR bPY:

the reflected light as the fabrication process progresses and the repeating in circuit

structures evolve.

22.  The method of claim 21, further comprising:

developing signatures from the collected light; and

comparing the signatures to one or more stored signatures to determine at least
one of whether one or more of the repeating in circuit structures are being formed
uniformly, whether one or more critical dimensions fall outside of acceptable tolerances

and whether overlay is occurring.

23. A system that monitors and controls a semiconductor fabrication process
comprising:

means for directing light incident to repeating in circuit structures (110,204,
302,406, 604) forming within at least a portion of a wafer undergoing the fabrication
process;

means for collecting light reflected from the structures (110,204, 302,406, 604);

and
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means for directing light incident to repeating in circuit structures

(110, 204, 302,406, 604) formng wthin at |east a portion of f
undergoi ng the fabrication process; nmeans for collecting |i gﬁ?MA%\e[ﬁ]@ct ed
fromthe structures (110,204, 302,406, 604); and 24 12 VAR 2007 neans for
adj usting one or nore fabr.ication coqr:%gnen,ts or one or nore operating

paraneters assdtfdf g?f affjysfing ae prmpreiabricatiop SAPBARHSO B QUH® t he
fabricati Qfperdlh paiadnetdds bRSHARRE SyitiPthk Bbric@idPCnftbnbhd ) adapftheRabiicatiGn t hat
nmonitors and controls a sem conductor fabrication process™ conprising:
means for pipeesein nasponseytetthe nelleftdilight repeating in circuit structures
formng within at |least a portion of a wafer undergoing the fabrication
process; neans for collecting light reflected fromthe structures; neans
for adjusti4ng QNeyskm Mt Enontbfs AicoRRolS AFBANBANSISH faB¥iGitiBh pfiRE® oper ating
par aneters. associated with the fabrication conponents to adapt the
fabricati SA9MPHSHEEss in response to the collected |ight; and neans for

sel ectively di i . r.. QF rti.on .t hereof based.on.cost,.

beno 1 1 anal ys; oS £t And iR inGhedd o b hUGHER R ARES B ithin.
means for aibakt@porton bLa wafdr@atiagoing g fabfic@RAPrédess;one or nore signatures;
and neans for conparing the sil%natures to one or nore stored signatures to

determne at |88 fonrollgetinglight goflested fepm therstrugiureshe repeating in circuit

structures are j : i or . r ptical
di nensi ons fal lrﬁ%dg? g?lgégjlggﬁqgg gg%’{ g’ﬁﬁe@’%@?&%@@? 89%5%&\,\#&028?&%\/& lay is
occur r i ng.opeiting iperasesdrs assotiateld avith tAb falfricatibreconmsunpnis 36 Bdupt thedbisridadon

| ocating one or. nbre repeati in.circuit structures for neasurement. 25
g Process in response topt 5 colrilgc:tecﬂlg(ilt; ang -

means for selectively discarding the wafer or a portion thereof based on cost

benefit analysis.

25.  The system of claim 23 or 24, further comprising:
means for analyzing the reflected light to generate one or more signatures; and
means for comparing the signatures to one or more stored signatures to determine
at least one of whether one or more of the repeating in circuit structures are being formed
~ uniformly, whether one or more critical dimensions fall outside of acceptable tolerances

and whether overlay is occurring,.

26.  The system of claim 25, further comprising: means for locating one or more

repeating in circuit structures for measurement.
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