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understanding of some aspects of the invention. This summary is not an extensive overview of the invention.
Itis 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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v ggt | Fig. 4 illustrates a portion of a system effective to monitor the progress of a wafer matriculating
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 illustrates a perspective view of a grid-mapped wafer according to one or more aspects of the

present invention.
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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.
It 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
wafer, is coated uniformly with a radiation-sensitive film, the photoresist. The photoresist coated substrate is’
baked to evaporate any solvent in the photoresist composition and to fix the photoresist coating onto the

substrate. An exposing source (such as light, x-rays, or an electron beam) illuminates selected areas of the
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t he25 primseandd cirduita(ti pofitns tBre SPdh theOiafen Mithe £‘e§d’z\ﬁﬂg@i*ucﬁ:fé§!4(i§ 34 forhnhplimile G €SS

Fig. 3. ﬂolu%ﬁé%tfﬁ@il\?t?ell@or\ﬁ@fg% con eaplgl\“ gxn %po%ns( ed[l%i%&%&’n Aot xanpl e of ot her

repeating in circurt structures asured’in nonitoring and
control ling aF‘%“éﬁi“&‘i?h"&ﬁ&‘leﬁ‘rm‘fr"a‘tﬁl’q‘:%aﬁctﬁl‘*’tﬂffs‘ﬁﬂé@@@s’ spaferomagiry brsefdgsenidaugiceh one or.
nor e aspeehsloyed totr@up bre $emdre ditdhEiBitsioDtRe su{(df&ﬁesa(oerddeahblrs@&m@ﬁ&eQcaiabncﬁtibﬁ exanpl e,

conprls rocd at cffe differcnt opents o J rnc n rocess ave I;)racli'éeet @s 1he
GOMRAREAL Sl AN SRAMIRIBL SR L od ARG, 002 8181 dl 280 Lhe

SéSOmatrlcu rou 1 on
depPtt e P EEPHE RERME diEynsiors: B e’feBt Sb‘l‘cé‘seélﬂ%ht%ﬂ%r“é‘ﬁltsl“ f’éﬁPféngéﬂlz\FPfeW of the
st r uct ureesnpB). meldoRd e fifftrae sipafuel ha @y Eiemcaﬁvedf thecefTect h@bneX 6P| €,

SRAM
corresp %Q{lfsglgg c%mB %Erﬁs}t%?aré)%e n?'w‘iatm? Partgnr}lar é)arametersr ar aﬁrﬁg[e %r&}e agncagon r{Jrocgsse

rrermry S Can recla a wafer can
i ncl ude BRFeaTHPRsET/sERUTeTiRRbfrAtlEe e Emerelp fesdbﬂdd@%é foryeand infeymesiva thesrcanhsr e
repeat i ngliLd toGtfudt offatidg@hrbifieSs of PotvREhg bAAPHRA o which the same or other die are/will be

35 subjected to mitigate undesired results. For example, respective structure heights can be measured periodically

—~3

to determine if the structures are being formed uniformly. If not, one or more fabrication components and
operating parameters associated therewith can be adapted accordingly based upon feedback/feed forward

contro] data derived from the measurements. For instance, the volume, degree of abrasiveness and locations of
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as the fabrication process progresses. Aspects of these repeating
structures (e.g., critical dinensions and/or 15 overlay) can hé Mipatir ed
periodically to determine i f the fabrication process i s proceedi ng as
desired (eW§.2004/03$78T her the repeating structures are b@CTgsprodoizewd
uniformy). These neasurenents can be utilized to develop feed forward
and/ or feedback control data to adapt the fabrication process accordingly
to mti gabeeledintiaisirbad one s wafsr anBoighe ddgréelof pdtureapmied @iwser d polishingyfad endsy st em
400 bel B oGP & hoh Qo TR A polifind (e oSGt B ARR o ndgs o Rimity 2402
matriculating t rough a sem conduct or Bricati on process in accordance

W th ong‘eé‘?“‘:%%ghﬁspects of the present invention. It will be appreciated
that only a E{mlsilstefh@ﬂd, b Tght so@cedil4 prdviGes Rght 18 otiothorolight didttewa Ghat di®2t aj S

dep'SC t e 218 1%%5\% to the?eg?ag i ?&E?sug%%umo&é%&){hev@f 1(:4[02§ssthesf9&1uu9rrﬁ&es§' de view

of the awngln circuit
f

repeat i ﬁ{j’ng&S?SuEfPfefP‘é% the byt qo@?%‘éﬂjlstatfféqué‘}ch“a@ﬁé lseghewaviniy ™l of e 06 are
formed by isher et Bt sé% (@8, 1&&%&1@&@5@%&@ r(feesrsgss iskr) @itghle forearyingbutibeat i on
process Eeoen &vg%gga ) em ? dm;)l‘LEh gt 41& s 8 gm thgétrﬁléi\&{'!: 468 a(sq e&é&ﬁi&ﬂt%.s thereof)
on the .Wal e BUCt Ur €5 or exa make up

porti on@h@m@wté@ln}asbvﬁefrﬁém &heéeéﬂf@ceéﬁ@a@dfbé%thﬂi‘a%“ﬁ n’g’ aﬁfg‘?‘t ions (e.g.,

di e)0 of pbi@ativabBke reflréhceeaR I 1B AE B Mdotdd i9 ARelendi bR EAIPRS Fsiliak latche present

| nvent i gn,, SCal! er omeLry, asedl Lechnl QUes, £al, A0, EIRLANGH:Af-RASLI e one

or mor e YRR ORYF et U arrous points in
f abri cattieonele gf thereBestsd kight 43 frem thp simctyel06 will vy in accprilanggith theieffvinge nt c o rrpo nents

of the faRhdicaadfieSruble D86 SSilBv, tikadensly, paﬁseanb gmrragms&o@meg & $p eetulade
stru Ct u I‘ d I dgletrlli#OOnE]a? vag[gn ];Jc?raaeng tw1 tﬂ{e%‘(/:o vm g.m{(],r%{ogsh b%e Qn%fecliiivg\% ?érxgzﬁ 410 and/ or

slo e neasur erer%t Si gnat ures
t hat5 rrayomnqnhéil@a]ﬂepﬁv@e @ﬂecteﬁ@héﬁme@maresmm@ﬁl@cteﬂrhghb@élor Jstegeesitt wip

CﬁWD]?ngrﬂﬁe&oﬂea&thg&rteth@ﬂ@&@énteﬁngys&mtm NAnp 3kelok ﬁaé Bt PREDFVuHEBEEe sdigbkd Ng on
the fabrl catlLon

pasur emen i u C lyzed to
gener at & FERHBSY E??C%C’d(ﬁ?r'msemm‘éfmonfng?' et 1t° f ﬁg &’}:o%t% Or’p%ﬁf ?ilg?egg to adj ust
oper at i regllepiing seffected ght 43 Bre@@@srsmwgsy@mﬁém\mf@ infosmafis Em pedeteeiBfe or ot her
di e ar e/gdhuponeni® a?p‘éocsssbbmp&m nlaPorBhaly h@&élﬁteg:ddldﬁ&hd'xﬁdﬂsufeﬁﬁulsisﬁm sBomexanpl e,

r eSB§Ct I VeeS?OtI' rO}.'J C(%i}]tl% I'OCGSSIIII ?CE&%QSLH?'(?%‘JI{EI!?% hg?l u?tﬁi \|7a¥10us I:llgctl ter m ne I f

t hest r BT TS §re PErh one or nore fabrication
c onpon e riessribed Berein Fbe Rieckey 4Pfenembreneeis pla@%%eﬁp@ﬁeéwmt 16 e fmupf i WHchie adapt ed

accor di Ngdedssdd 3 B6lprbiRihed @edﬁamﬁa‘fa@ﬁbni &Eaﬁeerdderelwmme ehdiigladp@red@rtiowed from the

measurenents. .. For t an e vol | i and

| ocat i onq‘gl ”&ﬁor%"a?fmkﬁ&% Baiéd\ﬂbgjﬁﬂ ‘u3878 ?U@%é%g %éjfl\gggﬁ frry

sel ect | \eatmpleglhesnalizisiie gseprarrmponiee sigaftees tharn ‘lﬂcm?lmfd oyt @ é“’fﬁswﬁ? essure

appbs ed s@ﬂitﬁi&%ﬁe@mﬂ&lvjh% Iﬂg ePaglealdshed drif€1 WadnQéns e bélﬁgglctﬁev&hﬁmm&hdﬁ'ec hani cal
pol i shi b a ed to mti ty of the
st ruct u s%(%cl g% e“lg Sy an&ié? g e e’hafnplg’g%? goé‘pag H/Bgrbca)é\%l(v es light to
one or @ailqnglkwldémeneﬁaéﬁdgnd@tﬂle@ Waflecme}yé@lm’l&nd?dluﬂgm or ;R opegpéifglent to t he

][ gg?lat(:: ;[tlgrghl&erg bffofdbr knors It fdﬁfecgfoﬁ Gorrﬂagxr@réti g Je, U%fm&ﬁt ﬂoﬁ@xp&ﬁjffahﬁ@ &vﬂ&pﬁ?{ei R
frequen pr tglftg g:am$ ggligmn ?i osmorg d'ilpt l%e a?lricath procsésg chisydy 8&3%1 e 1o

ser recl any | aser
or 89 herwilt bqﬁnpre%md ithotea sfuitnge of sirugsess cagbeyfdanegpn thesyafer 2Ry d’@ %Néﬁafeg%na aser)
Z l{ |8 t abl ethi ?wncﬁlaﬁ Fr¥dedd & pam&ce kY BumipH; Stscﬁﬁltsodéﬁm%@&um? BorfiBYentd! eA@ﬁPﬂilngy ed. TE e |ight
is refle t he structures as.reflecte i e
i nci dent™T }ﬁ) C%f %wﬁ’%i“e%%“d oﬁﬁratfle%#ee‘% vfaéhegrsmtsﬁé ete Fteaﬁég%)kabn%easur%%gnds & %hus the
phase, i mmeetnlg intejpcugt it tones forming within the wafer (e.g., to facilitate determining umformlty and

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
techniques to measure one or more repeating in circuit structures (not shown) forming within at least a portion

(e.g., a die) on a wafer 502 during the fabrication process. The system can implement historical/test data, such
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10 pol arization of the reference beam 418 may be recorded in a neasurenent
system 422 to facilitate later conparisons to the reflected fbj@ @i
(e.g., via signature conparison). As the fabrication process g? ses

t he angle W928Wé03$7éfl ected |ight 420 fromthe structur @ETAD0ROI2656vary i n
accordance with the evolving dinensions of the structures 406. Simlarly,
the intensity, phase and polarization properties of the specularly

r ef | ect ednay begtdred4@Bin Adapa stoser504, itafacildatodedsioroeaking 4nld/ot uilize evebtwiessgremintytnsi ons.

One or pRL& tﬂe'fzﬂﬁéau&%o%% xhﬂ:gluilré EQ W&Qﬁ‘ﬂ?&c&eﬁlﬁﬁ t&&fe&tﬁ&;ﬁ gk | hemb&bdact ed | [ ght
420 and transmts the collecte or data associ ate

col | ect B4°F9 t@?ﬂ“ev“tdﬁm‘fdrf&mﬁ‘e"&'é‘tﬁ @Heéﬁgftg‘i/‘é‘feé‘f?f‘&?Emplﬂﬁifh‘ﬁﬁé‘es&?”%‘?ié“F‘| ght
det ect i fuglieduypanentised 4ihi-stion ballok ininfizioncd extoy tasy swhids, fapaptesnopdinghe present
I nvent| QMB%?‘%EN gﬂg& P&S‘squcﬁﬁ%%but nﬁ'ﬂﬂh& SI6EEGE auonPéL? {2n, @llz%@% Lonflﬁéar

col l ecting e neasure em 422 forwards

i nf or mafeeGHiopeh e PF@I%YW@%{“EP@ gy Rpedingmigue ?fe’éPeﬁB?Yﬁ‘E?és‘ﬁ’B?el y2etel which may or
nMay not afiBmdtntodgiter (CMALS), thdibbasie RBAIHE R edSY:Bdh @WAIR 2nd filloitpn Bk prvogkessor, ofr
central procggsy E}Qregkglst Eom(:%P{aj%) odt ﬁg@&dﬁ%ﬁm%%e%ﬁ‘ E&}h b@dﬁﬁ’re&a%efdftﬁét@lﬂ the

vari ous functions Cri ere € processor can be any of a
pl ur al i tayer gFanyptere @il light soypre(sheppcbe Gaplprest injcrryiir P pspecl of thepresbiavegionc KB pe

pr otfy ameegiplk,OheQighiticyh ofipihatel @ afﬁ_Hc[h@ﬂcy aniizetaser; 4 lhedidiesrahdlinminéoh (HdNeygaadi | y
appar en .
PP fasdr O1: s ORG e%ﬁh& 4 10 Rlsh ? F}l.éect 4 &’ITthﬂﬁan?% 5'&@%& sPRidB sty

description provi erein. C can, for exanple be
anal yzed¥® atg@?f@? apreongefdhe gypfenypughayt G abrigation PlP‘f‘i’ﬁttO 2ok FheplsSrBHFS SBE 0 one or
nor e st @keefer mdsd faaidlidbngli@ertlBhhd Buthes, Wi etdhk, “ddiorpreiiel bjfidefect les btr ed

criti cal [ g achieved and/or whether the structures are
bei n or C&r%ﬂ)% rﬁ%mﬁ‘ gafg%gpt hus whet her, for exanple, feed forward and/ or
back i nfl"ber%htt%ﬁ re@mséa rsdefiseicddighidT Qi amrihoin eircabEPGER frping withindhe walr

cont roI sem 1t EhbtikGlionPreesOfroghiRe € TAPREIRphARE intdRal iRt @lafzaGdn obthereNdctetitighe | C
P S SRIRANGS: it cro s MR or R X HASUA S PRI 101 oINS DTN

phot ol i t hogr apny, ? %]o osit1on) rlcatlon
process ¥ regeRpreliaht deteefers P i o fhetighy é?“tc“”-‘(f)t51 sy pne B’én"aediﬁ}*té&‘?“&f‘?e‘&“t’%

mul tit udealefiheSiblit iCtdifdatke Ofitcdierotatt Flhiqae. hhyeor WadmBé: ofiQf dapthrotan B € i n t he
waf d t uits

and/ or t:& F]%zg%ﬁm{ érapﬁ“cgf o%*g e%%&lg’ 3P %{;:t%? ng I%ﬂp %%gecg{%" m gﬁ‘g)?gxgﬁf, lﬁgh%gnf i gured
and operdé’fi‘?éﬂn‘(@"tgdet Ba the pr ocessor) to seek out and obtain measurenents
from repeat |m<g:eﬂdatea:hghm10 s citniubiedidd@Sprbodds SIS witithlid UpetattvEl@ conplédd the Bghy. , t o
fact Lt ! bt 55 LG d BT s SRS LSLEREN ol LRGP0, N

structure ates a moni t ori ng and
cont r ol [PHE" e @@ﬂ‘ﬁeé Bt“@rdafﬁ’é‘l!?? Pef PeRPlh Flé‘@@%eélati‘ Aumegieabdsredai g plideh one or
nor @5 as maetosaoﬂitateIMem@essﬁgt Sightd@dd ban®8 gendried, foy &kueye, BQOmETM hyss agikat t er onet ry
based tures
(ot sh %ﬁ%&&%ﬁm&%&%ﬁ&wﬁh%é}gkﬁc&{ hgﬁ@%ﬁ&‘ E ‘%ﬁﬁ%kr&%eh Hlat%e d)gold%sgor gha%mf S 0o
during tbR@wfohbplvralist qfawcep%@&%e mWé“’é’XPSCP @PrPr@‘&PF‘“i Cﬁﬂdqe@wgmﬂm%t%‘fam PEDP/ t est

dat a, sueRtiondedcibdihBReir Ol 86dil3 BYipdrtdd BRiSehalbaldrdilRA QLB (nHR 26 bhicd cashemay be
stored within o data store 504, to facilitate decision neking and/ or
utilize current neasurements to control the fabrication process in real
timd0 1t is tRsrydingyppr BTYREOEEPRRRIN Cig st mplyzed By tedyism Phe fabricati on

pr ocess ibfryvalaabaeisrodt@son cade nphinboted in M&}fuhglﬂ@falﬁiﬁdﬁ&()ﬂr&es@f Byt W of 3t thon can
enpl oy t?&c'&n?e? Elﬁgr &3 m{i-l‘s &Ay%s% Te X%letn h)le to momtlorlint atdx &%basn &%&Jna}nge Se
optim zation For of e CBST S, For exanpl e,
non- | i nesEYCtumes eenaprips; Wﬁ@lys;ryﬂt%l?ﬁﬁ‘?%%%ﬁ@@iﬂégcuﬁ PF&‘FtBFEFi lﬂigtfatelémﬁsaél‘m Mmted to
back pr opagahd 943 .be BANE6d rtRitordd Wit H2ddSlata E16YS they d3BFse substantially parallel linear

35 markings. Differences beiween 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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regression, or other neural networking paradi gns including mxture of
expert systens, cerebella nodel arithnetic conmputer (CMACS), radlal basi s
functions, directed search networks and function |ink net wor KsMARHE! or nore
|i ght sour WO0BHESBIrect |ight 508 incident to the waf RCTHOR2003/082656 | | be
appreciated that a |aser or any other suitable |ight source(s) can be

enpl oyed in carrying out aspects of the present invention. For 10 exanple,
the |ight ca®y@rideraple tepomsar Ji# eglerregragted bi coinguede.b. g pattemapaiclasger  di ode or

a heli umtaﬁmoidfl%&%hsga&&ﬁ&%easﬁéd v!al§es Eo%né)& ﬁﬂ@{o@&bﬁk@@hémvm@cdnl ght 508
can beg)lrecteg Lc}s‘,ﬁubst ntlg yy he waf er S|rrutab 1gj}ég)and/or at
sel ect ed® PEPEFEHEGREFRE ~(eap t“?‘f?’“g"(nﬁ’ﬁ%‘[“plf - ARSeRtaRls ARITEICPoR R ?)’FVS &€t o spot
check stunifrohity @itical dimensiogtolerances, dverlapedlesances,atedBY wayfofifvithier dxarbrde, e @baisorg

det egni ngj éagﬁ'e?erﬁl%ea@nrepta e lﬁmmpéuﬁamsqt%ﬁa s ;&&tam mfeshoﬁ%@&sard/o ree” at

respective | ocations on the wafer 1ght 508 Is reflected as
ref | ect €4°PY GRpusres P dnbetshidy mpre ff’?‘facﬂﬁ‘?dfterg‘tnr“m%?‘@é’ B PTG Thi n the waf er
502 as tdvenfiabire oatdiroidenpwitchs o opinoiuiesdasus. The angl e, phase, intensity

and/ or pol ar Inzaqlsegsq%d Rbet bEuchE1 .#oﬁﬁ%muégwmm ;pﬁ)e A.eh ac\sgmme fRecafh@edance

with the evoIV|n I mensi gns o ructure ected light 510 is
col | ect &Sy Hr’fé“ B5F exApple dirseigetwalietR pyagdition ef‘PF?éesﬁnlgém ket 8F (s) 512
conpfi sdevelnv@ndpiunifonniey, fot eghﬁpldjﬁbeedstalpftgieﬁiemmgesheaﬂfd pro€eSdot H¢ tantiiret theivglet | n
accor da%@(oy\f)o;t{ansstﬁe@éob%’ l% ler} §1§ gihb@ 'thg %gf améﬂyof Qctn &fém%%nggé ezluh&nt

1 ze aspe t

detectors can be 2 or carrying out [of present
i nvent i cfr‘f"“‘t%‘ﬁ@re%'i‘ﬁ fea‘b“f“'é thy Ftfer ot §°ff~“ﬁ& fhererd nosflgpgeablg. o Fhs Hederminsigh ‘6 disgfddes and
phot 0 detiett B4fs may breedrupdnl fotdx@dble] 4 Igdsgtauﬁﬁ&)costs)e&ﬁtrmwsmp@dn dySenenefaloCeSSOr

514, wh'n%oaksfu@%{dae&ﬁe}e@}s%m o1l Q(Lr%gmg lhbe git L& mg& S ihe S ik mity NE

Lo

processor oys scattero ues to _anal yze, I nterpret

Bna/Sr  SusRgts e bpsEr g edom iyt Fepaim enatfeulﬁi 'Pﬁdétewéthatweﬁd Begmorggit andy app| e,

Si gnat Urtimectiictve tosimny dicad theleifa sema/pokiogmapdti cal 25 data to facilitate

further pr OCsSiildny S 0RAIMLES, 62RoR8AS0EL &R Lok oRXAIY For ik OTD! N1 10
0 te ere

phase and/or Intensit a/ rmat1 on assocl a ecte l'i ght
510. |t H§qof forrarregrionaad deerraipp vhpidtpe pladivgypegis e ode madedo pagfiqularfipbricstigp of a

pl ural i tegmphenpnodasorsne. Agrocder SERARni tsaitjugientshehppoeas tbriagm be
pr OQbam@ P‘;ﬂ tscifiﬁg nglﬂ(;r ﬂkgﬁ% SJ ‘H qgltcx 1 ﬁl:gg%ﬁr opc%g?nbe% oFﬂoQ oJ'n:lstrEc%uJ eadi | y

apparent_to those havin I nary base description
provi ded®ayes; o ot %G“%‘é‘ﬁ PRIPRYIg fﬁﬁhastqﬁlaca% dpesiorr g eutdenbrorereis PlegRcs

st r uct uradoraiabyzede dyvile system 500, |ibrary/database information can be
i npl enent ed i, gdant, ﬂggaﬁa*}&leiaﬁﬁ}r’g bggxfogr DD Son Mo Win G TPL € L DE

structures illustrated In nore anena to monitoring with
dat abas el HPEPRPH2tE i‘dﬂft?‘émttﬁ%‘é‘c a@?rﬁla%tmhegéonemwf%d e dytestertst 71¢at e
pat t28r nsTmadaebdrap&atd A8 Geedbackifded Drvatd cBittioLiata tHaeiacilitdds diteing d@elred fasubts. giy wdy on t he

ot her hapd.0R g{mq ey
conprise s&ost ant| ﬁl{& g;tdgra %g%g%%gp&%) ﬁlteglrog%g? ces {g{]ween t he
|i near STAERCHINR RoEiopRS t”éfEf 19 ypdqegoghemioal papshapieal é%‘éliﬂl‘gyford'r"g’%‘@i? ﬁ’é’&f’ns ik xanpl e,
wher eas b higmodi@artiogpé eafer SFuittiihdie, @S prloteksistif abygEodude chitrgl daid thayh taeed t 0 be

conpar e | O ns. 10
12 AR 2500 e 030 Bol bR Rt BhBR" Lbelle PhERARLE) IR

pr 0C8s s gPickse (g heighd °ﬁﬁ°6@?géﬁﬁ?@ﬁs’fftﬁ PREFEPRT 6 meiéﬂog‘ml a %?yoswa% RIS (erﬂalbl’: h i n g,

i nt er pol sekétiodly @fusthi he Far, SRdentfid affor MXLE: JTERS WseiButddahtdl £fiode QinHE@miRE) taT0r €

stored V&Lsg fhdre oﬂtﬁe%a%e&iglrf&'gdng @kL, éﬁ%&urg@ % 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
otherwise) since abrupt changes in the repeating structures can affect resulting device performance and may be

' indicative of malfunctioning fabrication processes.
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be maintained in the data store 504 and may include, for exanple,

accept abl e and unacceptable I evels of non- uniformty, critical dinension
tol erances, overlay tolerances, etc. By way of further exanp]ZMik Hé
processor WO2004/638M7 det er m ne whet her repeating in cir ®OIUSEBOEEI €S have
hei ghts above a certain threshold | evel and/or whether the structures vary
in height by nore than a predeterm ned percentage, such that the structure
di mensi gns aﬂﬁadﬂi];ﬁﬁn, LOkyRi&h sbalrasn %ﬁﬁy??ﬁbop%ﬁ@?ﬁ?a{@s&or@# ﬁuhmmhg&m@a&lfofs_. IL a
measur e e .structura -uniformty.fall.s within a pre- ne
accept abﬁx%%ryeanhgagr,mi%%gﬁ&t'ﬁeesyStep?}n%Q‘éag ec])l?ratgﬁs%%arlll,ym’fl 3 sc%%?frnrlﬁ e Tec Cht he

waf er 505 saged b dete eipra P94 (The date tomp pRécsensheipprylad by, prefsdntingrageiesof prafers fedhe 10 | evel
of non- U ioinitatce. FAG Buck Xid BRA Rore X 6B 8N, Br dUireSRh LipRAs kARG ibra B cah he
procgssagr 514teg%glaghrue t the wafer, t53.1f2h§0r %OI"[I ons t her Ofl}u to be

di sc3r de’d PHPBUEFINAL P RGue RLLP R RSEHE OFCR RS- THF PEPRTTYS Ghes ?areeg'eati ng in
circuit Altemgiyelyonig adiition oenpieietsetving valref, eimuls®a, roxdelippmiliooriiciplwelliserfce

unsal vaggahifs cad WmBIBc8 i Poplikd tRNdath Qorfl bt furesAddhsvihRh WekkiBdd viRY cAdsed upon,

for exanple, .a_progranme ost-benefit anaglysis, ,Bayesjan system neur al
et wor k. P BRACTE BB DRSPS e gty SR Rl St tamp s B bt - of

repai r i nyjithserrefated wigh lagedtiveeoperating prvinerrs Riderywhich thexwaneibginel (b hglllvamedni t recei ved
f r OrOS U CiedsfBP Binperatied) Hibssied, g&équdﬁgqﬁbﬁvo%@@alfepﬁrﬂﬁ%jpa{aﬁégr?! hs ¥QUHRRaeRr € cost
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duratlonfs in order to mtigate discarding the wafer. Furthernore, the
processor 512 “H‘g‘i? Pr&tce control data that can be enployed in regulating
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r eadi ngs™ Bt gcﬂ" PR Grok O i eP882 where it is deternined that

repedi ti on of The pystein 6AUinclud@% n@tsnromednt Rysisn 616 for mbretoring [t @obgrass of terfabribedipe
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resul ti nffUEEs Q8 FE RO G o CHigEs OLiPs sreetss O "PURRE | oni ng

f abr i cat apprcigrddipess agablellipht houdce (BAR i2fdENLy stabilized laser, laser diode or helium neon (HeNe)
gas laser) can be employed for carrying out aspects of the present invention. Attributes (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. It 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 controlling the fabrication
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t hat30anywae pdgmicere fogripe thesepp toanitigate pon-uniforaily, fof Rxgmly aﬁBP!"‘ingé&PteF‘éé | aser
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aspects LNy ion. Attributes (e.g., width, height, 35
sl ope) o?'aferh&%m%% s e“?:egét}ge the light to be reflected in different,

quant i fi abl e 4airraen 65?%@1“43@@?916@ 4 PRyfetively pepapaied ol dhardhpeld0 foylowiine 2% nor e

l'i ght o FI elnRaditgAhsEMT RO SateS) i3 8nd ohtlor tHd Prdcessibgdnhritiel. YThORaBPEIE52 Bpi€dy shat  any
SUul tﬁ e

W

antomated 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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| i ght detecting conponents (e.g., photo detector, photo diodes) can be

enpl oyed in carrying out aspects of the present invention. 3@\- t aken
by the neasurenent system can be enployed in controlling the BRIt i on 12
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Er essur eor?ﬂb&tﬂﬁ%bﬁéi&ﬁ@ﬁ)}!esén@(‘cbﬂﬂﬁentsft@d’cm% aaaairﬁ}resﬂn @lo&&anmf @e M@Nt con d uits 640
avi ng val ves .624 .t ha an cl os egrees

to assi S‘f ncen?aﬂon and/or 1;tu.ns- & 18?]5%18&1?%%‘2 Br i %octeﬁmﬁq?xﬁberm @ é usﬁg syst em

644 is i wéllemédqudée"flaf:fﬂmlgtoathe T@hwomdmﬁakm@rq%%m prgfeqt vausictge of t he

sulthZSr at &momgerauﬁé ddﬁdiﬁoﬁﬁsu&lﬁyieﬁ&réﬁﬁé Yreddge, 6. 08uB R uiddbe agiamm@sse can be

sel ectiv nser or nore

pol i shi ncgwa nedh Qﬁtél%gp SIhUlaEB edV@storE)(Sé() b&Pbser}un%/str\meb?oonnuﬁﬁldm}g I,a%ttrgmn%sestsmn {orWI th the

surface ehmplhelliopgtiady. arigaddigenip @dnuﬂblomemevaﬂqq&ew@vldmt»@ﬂod‘fhng wd/hy aifieiel on with

the sl ur miligReldchiyubiaeive bRfloetliofhasRietfe didRordPitWahRires ARchstSnich ikai@s f or mi ng

t her eon L9 rgat gat e Jon-uni formty, for exanple. An etching system 648 is

simlarl y h T e“dpmio facili.tate etching by providing various quantities

and 3@oncent r gt is torbe anpreciatedthes fhe dataptprasop ¢e storpddtadp daFRuciiirey inglydieg, bdhemt  di spenser

650. limited to one or more lists, arrays, tables, databases, stacks, heaps, linked lists and data cubes. Furthermore,

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 so as to by-pass the control system 620 during population.
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A load system 652 is al so depicted as operatively connected to the chanber
606 for loading and wunloading substrates (e.g., wafers) into ang t of

t he processi ng chanber. The | oad system 652 typl cally is 351 ed to
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20 val ues can e data store
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result. For exa concentration an m xture of gases

di st ri buf08&r preropmerpidic lasaisd @grgqnhﬁm%mﬁﬁétﬁge Addymap be legiqaliinartifiened intg grigdecky ¢t o
achi eve 1a td@iGie iedurbyeds repdatidgiil difodir s@idulics askil vifetl@intiated tRbigh A scfondatte0 t ake
L0 ACCRMMch BEccR! B3ERY AXRLUSghBNGeRR gl RGP RERA A A I ONS Such
as tenperature, pressur ub: uni que si'gnatures can

obt &P nedrrerrsamI 9@@%@@&#%@@10?% g pgisidn QYFeém’BHPr‘I?&?mG{%SéFSW‘ﬁ"& vdth uct ur es
formed ddbricA@n prodetsésl Ni ng session, for exanple. Alternatively, or in

addi tion to riﬁnzeﬂust%te ) Cp% }%ethvE Giew gil a4fe ab1<§ %anyjldaglipgor}ﬁné a Wg.fg ‘fOEl g)fh@‘ ngférollb?.

artificial in ques ate the data
st ore wi Ty bg plg]ﬁgltlm @@d aggmﬁgschowp Fig. SH'E&‘@ gcdpc (XY) of the gnd 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
techniques.
In Fig. 8, repeating in circuit structures on one or more respective portions of a wafer 702 (XY ...

X2, Y1) are monitored with scatterometry based techniques. Exemplary measurements produced during

15



val ues can be conpared. 30 It is to be appreciated that the data store 660
can store data in data structures including, but not limte !‘?R?ﬂ@

nore lists, arrays, tables, databases, stacks, heaps, |inked SAE nd data
cubes. Fur MOI0MYI38787 the data store 660 can reside on df(&/lpﬂamemBﬁ devi ce
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35 Fig. 11 illustrates an exemplary scatterometry system suitable for implementation with one or more
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photo multiplier 1108 of any suitable construction. Different detector methods and arrangements may be
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be 17 12ayMH426200affect WA 20B& Feéfréctio di/ T aehBlidd B8R 60 Ahanpdoaplededeaedet er m ne
theygcat 1’«9& ?&a&é&q{oﬁl%{z i gﬂn RO }%ﬁent ﬁh{?éz?or 18&&9&%&%% tehtreO1428 bndRRY

sui t abl e desi gA e use pro tector  readouts, including, but
not |i m“E"’éﬁerf 2241?1%4@%14?@/ A&F??ﬁte‘?‘{e? ’é%elsdfmt W4 ap &R0 pralinsrated i Figglét 1B j ght |
pol ar i zak bprecipEdpee b fubiGte & bt fofnes piagicthiar dr sstrefhiecdtedn layeght , and angul ar

| ocati ons of [ d fromthe
sanpl e 1106 %g@%ﬁ 8 OL%J@D% & T&Eg&ﬁggégﬂuﬁmae&ﬂ eat%:@%lg?gﬁetry and how

t hey ar €"RsHH B9 beformeded P‘Efé’h’@%‘e WGE*h‘S%?n E52¢pnd r‘rf?ﬁe“%f@b"é‘c’cséo effhegqiiectedny esent
I NVERt | end/@teragéddights 42 drombnkibient BS{ISE cati @epénll Gleastli@pait/on tBetadkhedy dAparyori S a
techniq Lé?ﬂﬂ{pgr th@]ﬁ;fe B’ge 3198 igf Rr Q653 Qﬂh‘éretﬁct?&ﬂgﬁt%ﬁ dHRQ @ro}ﬂ’ﬁie Bﬂsea”

i nci dent ?Péig en cte catterorreuég I’s a netrology that
rel at es 1P adragiin Rprtde th%ld‘@f‘é“r‘i‘b‘f”élmﬁsé"ft’t‘eslaYgrclé%“t iBl§ effects. Scatteronetry
i's based opt iThey scaliefolnéteyidd i@hnidue HPEASE Swploy @ bivak @ifRihityn Man 2 Befaenpdnoyed t o

acquire v'«th}Qr( B eh g@m%{%’%& %i?écéé?gﬁaé @Rﬁi‘a }nFcén bl naﬁ%{% plﬁs%mflc!rm ted to, 10

hor i zont vertic nment ression/stre Btg di shi ng,
er 089 on, intypifyrsienads oap ﬁP“EPi‘ teflectad andforrBiffagteg gt ‘B ingposity prdiop e Rt PHPe el r es
pr esent aﬁﬂormfsmea Bghewill Slagpe biédon rmwrm oﬁmuﬂm@e ¥t \vmiue aigrb;e docenpadsiltg t he

phase Qaﬁmzh?hlg(g\'é Elg%tm% th&fz %I‘ gﬁg% dete: Igun% m%lo% ?rgda htelaﬁf &LﬁF ) ace Wi th

phase and or 1n act ed
light r #Fﬁ’@ld?nf%‘faﬁé‘mpt%l dent i ght ref | ecting from and/ or diffracting

t hrough the Using scatterometry in implementing one or more aspects 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

19



surface upon which the incident |light was directed. The intensity and/or
the phase of the reflected and/or 15 diffracted light will change @ sed on
properties of the surface upon which the light is directed. SUMAR perties
i ncl ude, bWP28MO3%8T linited to, the planarity of the SREATERG3/032636 ur es on
the surface, voids in the surface, the nunber and/or type of |ayers
beneath the surface. Different conbinations of the above-nentioned

pr oper t i B&seRinintignalupond pf drdimagyrskill éxftiiean 8l reogtida ehapivags Brtheamotibintions atdensi ty - of

t he i nci ﬁk@ﬁlﬁaubds gﬂﬁe ﬂi‘e@&lUint'dnﬁlﬂ ate BosﬁH@SAc@(Q&hg?}l h&!prUs@ﬁt%‘J&n&nq; gt&ﬁk& %érﬁga@ﬁ

si gnat ur ipn. th | ect diffracte

exani ni n%lssmh alterano S “Cog}l%iéaﬁlgllsﬁ?d Var&“‘“g bﬁﬁféjd”‘%l ﬂt?élﬂm‘l andyyeope §f t’é?faPliePﬂ%‘éﬁ§’i“% y/ ph as e
signatures, a deternlnatlon can be made concerning the properties of the
surface. Such substantially unique intensity/phase signatures are produced
by light reflected fromand/or refracted by different surfaces due, at

| east 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 conputed
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

i magi nary nunber. The signal (signature) library can be constructed from
observed intensity/ phase signatures and/or signatures generated by

nodel ing and sinulation. By way of illustration, when exposed to a first
incident light 30 of known intensity, wavel ength and phase, a wafer can
generate a first intensity/phase signature. Cbserved signatures can be
conbi ned with sinul ated and nodel ed signatures to forma signal (signature)
library. Sinulation and nodeling can be enployed to produce signatures
agai nst which neasured intensity/phase signatures can be nmatched. In one
exenpl ary aspect of the present invention, sinulation, nodeling and
observed signatures are stored in a S|gnal (signature) data store. Thus,
when intensity/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 may exist. The incident light 1202 is reflected as
reflected |ight 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 l'ight 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 nmatching, for exanple.
Referring now to 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 w | affect
the scatteronetry signature to produce a substantially unique signature. It
is to be appreciated that
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10 scatteronetry can be enployed to neasure, anong other things, features
appearing on a surface, features appearing in a surface, features energing
in a pattern. Turning nowto Fig. 14, conplex reflections and refractions
of an incident |ight 1440 are illustrated. The reflection EQQM@q[naction
of the incCHAmSI i ght 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 features 15 1428 reside. For exanpl e,

Phi ckness 5t o Nayaen a0y far tiaton e it s3hidBlucortehBf ol (e
opacity anchnaprisirgf| ectivity of the |layer 1422, the thickness of a |ayer

1424, the chem cal %Sproperti es of the layer 1424, the opacity and/or
reflectivity of2TRESUrSRRI system (196,422, ¢4i0p fhabinderents wia seafieromerppbasede

chem cal pPeaRBEtds St EnddtRe i : ' ivity
of the |ayer q426 canpaaﬁi?%él?xﬁlué ﬂé@%ﬁ@éﬁagﬁg%@¢§9 ?)gtg tlo%r% (gﬁe?%é

i nci dent |atdéast 4 parfion Hfia vafer as trpivaler mafricabitesdhdOgla thd/ fabricatibn ardces; | | ght
1442 may result fromthe incident |ight 1440 interacting with the features
1428, and/ the |l ayers 1422, 1424 and 1426. Although three | ayers 1422,
1424 and 1426 & Goritlol Wtdnd{ B, b520)RipRratilély dobiplkd td e nRBs habfdnlihat 2
substrate can be fornpbba%_ofta grea)t epfgraolr P]ess%r nunber o‘%agﬁgﬁy%ygaﬁg.

Tur ni ng noeietas nRrg fabr@atiemennaponents (pO4)phatisetlests bt least Bng fabti¢ation ¢dmpementat ed
in greater 1].. The upstrate 1520 can be.fornmed of one ar nor.e |ayers
1529 1550t sehinegt 1% ah UokecgBaPIeRRE VILE Bl oS oAaaR SHEHS act vq
l'i ght  1542stiucains andiselRblively 8djhstd A9 ofMBr SRR leddt ohERBEicAtdnRBfdpongt t he
thickness of a layer, for exanple, the layer 1524. Thus, in Fig. 16, the
phase 1652angfoperating paragefess|asspejated vatipthg af feast on¢ fabrication gshepoments 550 due, at

| east in -dl at _thi ss. ;of e laver 1624 in Fig. 16.
Thus,  scar bapbiefatiefustproGe sBRE 7 R i ke b7 Ymeetfitniehy it

i nf or mat i of1064221t618).sur f ace 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
intensity qand/ &5 8ai . L ed: el C pght will
change bas%d o(r)lf%%%gtgrtl esalgil’:‘ﬂgeréslgfrt %‘%3%&6‘82‘?%&&%@% %’E’ﬁ’r!sé di rected,
resul ti ng substastiddlytedortgatedimparksii que si gnatures 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 inplenmenting one or nore aspects

of the pregent TRV&QHehP 1 [ NS | approach
to obtaining desi r%gkmgs%?gin%rﬁ%a%%c ggﬁ%sa@?\dtgg%r%@b%gbh?@ia}z%d to
faci | it at eoreatddi substantiallydin parlleltswing snothempr esent | y occurring or subsequent
processi ng cycl es. Described above are preferred aspects of the present
invention. It is, of course, not possible to describe every conceivable
conbi nati off of THeRANGEcIAM NRIKRLSARIURR I (1D0IDONSV2 406, SR[Cr i bing the
19 12 MAR 2007 WD 2004/ 038787 PCT/ US2003/ 032656 présent 1nvention, but one
of ordi nar§preerpand tp ene pemare parfiphs ofsrmgmorecorharea pfiay inftegrated circwt@Chat i ons
and pernutations of the present invention are possible. Accordingly, the
present invention is intended to enbrace all such alterations,
nodi ficatifins anige systeirbdf ddim 1, Retleréialthe hichirés dobRssdRidrtb bond BEmDEOPSiOs t he
appended clains. . 20 CLAIMS 1 2 MAR 2007

of an SRAM memory 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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1. A system (100) that nonitors and controls a sem conductor 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 on at |east a portion13fM® M#Hfer as

the vafer debaian el ¥ Rs ore W chigbhl GALhRM:ARAGESREy  and a cont rol

system (1 620)" operatively coupled to the neasurene system and one or
nore fabrication conmponents (104) that selects at | east one fabrication

conponent o operghle to ensate f.or, an unaccept abl e r val ue of one
or more inci rcwetSyStS?‘r(f}gc?‘ﬁWgs W&'ﬁf?‘%g}eéﬁ?qswwn ﬂ'jsﬁg’t(slgggéﬂcﬁﬁ%?mre of the
at | east QqRreoliblly frRhdued &W@fhe@ﬂ@(mf,rvﬁﬁih"(ﬁl(@g%?%@"(@12@%?9{3 at ed

with the at | east one fabrication conmponents to a e tabrication

process i HePeALPS Heireuit sagresd$19.20b 30,406 94 tafcilitatea teteymination ¢f106, 422,

610). 2. efel he repeating i.n circuit structures
conpri se subﬂz(%@rrlﬁel a| F?gge@g%é‘%’égﬁr@gk@‘f)fe H‘ng @%‘?@W@W g'iltlmrlf,iGMer ein
t he structwafes (110, 204, 302, 406, 604) are oriented substantially in
parallel to one another. 4. The systemof claim1l, wherein the structures

(110, 204, 302,406, 604) correspond to one or nore portions of a nenory

core area f anfﬂe;kﬁrglgﬁla&f? ifn! T, Sllefeid {h%)measﬁrepl;ggﬁssﬁ%gx# ceoa%rp%ﬁ% aim1, wherein

the structures corfespon 0 One€ or nore por M nmenory cell.
6. The system amneor aare lightwineittersthdt directdiphit igidehedsehe Rpedting inersuit ement
system (18}6?1 422, 6d10) are conpared to at |east one of predeterm ned data
and hi st or'PUEMSe®d gata. 7. The systemof claim1, wherein the

nmeasur enent sy gn@Hr b6 liéﬁt?detefé@iﬂ% co é?{é‘;%%?ﬁ %&QS@‘%@E&Q‘? P,gf'ﬂ tjh%l measur es

at least one of critical “dinensi e systemor claiml,
wher ei n t epaating i eingnitt strypiresnihe Tefecteidight Yaryingnarni keditoat of amglasur es at

| east one.of height (408), width (410) .and sl ope (412) of e repeating in
circuit stl?tﬁﬁlﬁ'r gEaS(: %Tg P%E?a%zﬁsg’é%&ﬁsﬁjont%m?eé% mogtesics aﬁé gﬁt@??ﬁ“ﬁ&ti on of
whet her t g chbuitistuohess ébld,. 204, 302, 406, 604) are being fornmed uniformy

within the wafer. 9. The systemof claim1, wherein the neasurenent system
conprises: one or nore light emtters that direct light incident to the

Lepeat G o, R oo 0, v DO S PR o L
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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repeating in circuit structures, the reflected light varying in at |east
one of angle, intensity, phase and polarization as the fabrica;#on[@ ocess
progresses and the repeating in circuit structures evol ve. 10! £ ffyel @sten1
of claim9, wherein output fromone or nore of the |ight detecting
conponent stefnperatiRdsSandciéhalifcoieahyARHs.t © generate one or nore signatures for
conparison to one or nore stored signatures to determne at |east one of
whet her one or nore of the repeating in circuit structures (110, 204,

302, 406, ) a i formed unifor whet.her, one.or, npre critical
di mensi ongl%l al IA&#@(%&;%I gr° néqgg%%do?oémgm@raasﬁﬁ’é%mdﬁﬂﬂr 9@%&?‘”@?‘ RSt ay error
i s occurridvpriking: The system of claim 1, wherein the control system can

control at least one of alignnment, exposure, post exposure baking,
devel oprent, pHBEaSPIIRE Bigrssatteyometry: hased techpigipsonenyy, mete pensatingin, citsuios ur e

o- magn 1o ar C Rt B0p 080500 Srlin bRl Ppr B AMHBes hwen o

wi th the prdergessthe fale&atioe progesspci ated with the process, concentration of
gases applied tp the pr ocgﬁ, concentration of chemcals applied to the
process, flow réveloring contekdata,based ypemthe ppeasuemeniss, f1ow rates of

chermi cal's. app! | b e Wonf3EPBER Br1eR 514 8¢ oarahl BROR AT ROGAAGehee i L 1 e

process, ill um nation tinmne, um nati on I nt ensi concentration of slurry
appl i ed dulebmeptiovepmpanentsfand| ow of slurry applied during CVP, degree of

abr asi veness of,sl.urry.applied dinin ressure applied during CWVP,
baking tine, bakih V§§¥‘§Jﬂg %Tn(’f?gﬁgg&a?rgﬁaé@n SPRPRcatA1P4) or one or

concent 1 alm6idopeiuding arilciiadladstialll M-kt A1 0 HUrRblioibhoBos 8511 conduct or
fabrication process "conprising: neasuring via scatteronetry based

t echni quescogmensate fasan unagreptablegnéasurei velue accading ¢o theamnralldit204, 302, 4086,
604) formng on at |east a portion of a wafer as the wafer undergoes the
fabrication process; devel opi ng control data based upon the neasurenents;

f eedi ng t his. conlieahetlad af clhirh @ASVhA&A e fabAENINEoRPINERS IRIAE af RagRGe OF
more fabrication conponents; and sel ectively adjusting one or nore of the
fabri cat i o a0BAISSiEhIYStepL Poyitigning sestem, gassistrippionasystan, psidatiet systm,

associ at e i f jcation process to conpensate for an
unaccept agFltélB %%%ﬁ%éﬁ g%mgcs&ggﬁf ﬁgﬁt ??’Sk%a%‘g B8 SEMFY: 13, The net hod
of claim 12, wherein the fabrication conponents include at |east one of a
projection system positionjng system gas distribution system oxidation
system t¥hpe rﬁ?elﬂl%tﬁg‘} ef gaim g?e‘g@b‘?@(’mlﬁ@ﬁi locpfimgsgnet asmera denseidng ing

system 14 i &riBhRS PordhedshifiniBnd 2, further conprising: |ocating one or

nore repeating In

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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circuit structures for neasurenment. 15. The nethod of claim 12, further
conprising: neasuring at |east one of height, wdth and sl ope of the
repeating in circuit structures. 16. The nethod of claim 12, fu[th@;{rzggy
conprising; determning at |east one of whether one or nore of the
repeating 'h%ﬁdtécp@{f&ﬁt(ﬁg)f uctures (110,204, 302, 406,604) are being forned
uni formy, ether one or nore critical dinensions fall outside of

accept abl e tol erances and whether overlay error is occurring. 17. The

nmet hod of ai 2 rein. t eating.in gircuit stryctures 0, 204,
302, 406, 604) @Her‘F‘Ftyé Sﬁ%}&’%ﬂ?’i@ﬁﬁv c&"gﬁﬁﬁ%aetﬁﬁ?‘@g&he@ﬂ%ﬁé‘%‘if ntially
in parall e&vafeﬂor@?ﬁoﬁlﬁé@@ﬁba@éﬂ%ﬁﬁ%ﬁ%@ﬁéﬁah@lyﬁ?.e or nore portions of a

menory core area of an 23 12 M AR 2007 integfated circuit (1C. 18. The
met hod of claim 12, further conprising: determ ning whether to discard the

waf er or ti st. benefit anal.ysis. 19. The met hod
of claim Fl)f? vmog?eellglgt% ﬁgf %1? i?ri??,u@gesrgig gﬁ? é%ﬁﬂ&s OBreSRRAAP ORG PLMOKS, 1t ons of
an SRAM nepostignsosflan. SRXM nidiroyriellod of cl aim 12, further conprising:

mappi ng the wafer into one or nore grids; and neasuring the repeating in
circuit structures at the grid mapped | ocations. 21. The nethod of claim
12, furth co | Shidd ofl } i el dent to the structures;

col l ecti ngzol'i gwdrlgl @g%?ggaﬁ%%ﬁr@ﬁié&gﬁnyg?ﬁ{tgés; and detecting variations in
at | east one ofmapmhgtheiwrfariniotone opnasre geidd apdl ari zati on of the reflected
light as the fabri cati&% g}gocess gro%;resses and the repeating in circuit
structures evolYEASUEBE therepeating ycippultSiyciwres at the gridqaapped Aorafignsag:

devel opi ng signatures fromthe collected |light; and conparing the
signatures to one or nore stored signatures to determne at |east one of
whet her ordd.or Thermetbpd pheaine p2dtither domprisingui t structures are being forned

uni formy, whether .ong or. more critical dinensions fall outside of
accept abl e tol eJr}%le Bg%ﬁglg[ﬁﬂc%tt%g’re SHYEMISSy is occurring. 23. A systemthat

moni tors and cagllleetiny lehs RifieeRRadibi tHe tAbRk&akAPN Process conpri sing:
means for directi n? I'ight incident to repeating in circuit structures
1n

(110, 204, 302, dptesting ganjations in aigeast one of angld, euetsity, Phase amipdirizationbsr
under goi ng hgrelafl rlfgﬁ?arts' R 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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process; neans for collecting light reflected fromthe structures (110, 204,
302,406, 604); and 24 12 VAR 2007 neans for adjusting one or RN

fabrication conponents or one or nore operating paraneters associ'dted with
the fabrication conponents to adapt the fabrication process in response to

the coll ected |ngdis forddjustingonk %mﬁo?@fabﬁeﬁi&l%ﬁwgﬁ%@@g?r{eg{x?%cg& ng 1 ght

sem conduct or fabrication process conprising: ans
i nci dent tPFRBEDArameters agsoeigtedtwith thedabrication compangntaite hdapt thetfabriaation a

portion of i he, f.abrication process; neans for collecting
| i ght refl%rg%éggilﬁes qﬁé&@ ?glc%%cﬁ?de@@qheans for adjusting one or nore

fabrication conponents or one or nore operating paraneters associated with
t he fabriczéion conponents to adapt the fabrication process in response to
the coll ec%al d 14 gritemthat maniiges andrconipls @rsemigopderiterdabricatign prasessaf er or a
portion thghgggh%@sed on cost benefit analysis. 25. The system of claim 23
or 24, further conprising: neans for analyzing the reflected light to

gener at e one ormemsdosdigreahg tight ineident toegseatifeOin caOmMp stEhdhges REmsh iHres to
one or nor 1stor ed .si %?atur es to determ.ne at |east one of whether one or
more of t HE '$ASHRBQTIAR Of A Wafer dpdereeing the fabasationgroressig forned wuniformy,

whet her one or B4R 61 ddlle&@ g%méﬁéc%sﬁ&ﬁltﬂesﬁ‘%ﬂe%e of acceptabl e

tol erances and whet her over IS occurring. he system of claim 25,
further conpri sheaps fomadisstihg ont or atorefpbricationrconiporents @@Rtdr MgoreN Ci r cui t
structur esoﬂcepa{ting%%rsa%e?g’g Qés'oci%?ed with the fabrication components to adapt the fabrication
process in response to the collected light; and

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.

25



