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;$) A Tj] J EpRESf NTATI ON RELATI NG TO A NON- SAMPLED
WORKPI ECE 1. TECHNI CAL FI ELD This invention rel ates
w@ewa3dshy to sem conduct or manufacturing, andPCTDRI06/032744

par PATyl FpRESER0A BIORERINOC IR GO (AR nNas AN P11 WORRHIEERJ

data representation associated with workpi eces that

were npt rgefRiEd rpa pBACKGROUND ART The technol ogy

expl 05| oﬁ_lﬁ"f'ﬁé_mamf acturing industry has resulted

e e bl Te A L S5 528y, 0 e
and appgretnd fognehifitzdnta represehtai®n agsodged iith eeksiess thaalete nbtaimed.

| ar ge nunber of inportant steps. These process steps

are usyaghykerodnp &gl therefore, require a nunber of
i nputs that are generally fine-tuned to mai nt ai n

ope nuf act ur. i control.  The ure of
R holTRe TSt o1 B Pt thon (D Er Y ey gy @nd innovative
manufaqtirog egerestse psToley’sc meatfstugng pokeged pgteiadp nduictminctor manufacturing

processéd EXHl £€a fafo® Hﬁxﬁ‘t@)/\()fm&@ BQH CHIREe ;ﬂ@:@:s@ Ede;%lare ug-lﬁﬁy Vied, eralfférefore require
cesses, %t he initial grow

a numbeg 8%3{‘%‘8 i %?Pef {ag-fuaqd to pa{daid propsr ﬁl@nusaftufnﬁewntml

sem conductor crystal into individual wafers, the

fab miaﬁ\ﬂchﬁnofs.%ﬁgaﬁlm(tc&td’éhéeﬁ gequlﬂcﬁpii xﬁ@'xberi (Q‘ﬂilébﬂé?é' p&ﬂ&sis @@ps to create a
Rl KBl 8,05 RABKPELA A0 oL 8L Wit v
of the S@tweqnﬁléfor avariagheilisiog 2%@16 ﬁqﬂaqonim@r pyted dnsos individeay whters, the fabrication
stages (§dink Qfoﬁ'ﬁ@ 1dnrlm§|lh1fti§1§ roEﬂhE 111&@ 1Y fh@%ﬁcﬁivlmﬁgncl %ﬁkétﬁé‘gf thmtnpleted device,
are so dl‘%fgrentZrlé)rgl ogeI anotsgr%rl?& stecm 1zed%b]; gcggs?sdg d@gﬂ% nb(? fferent manufactunng
locatlons@m@mmﬁmcwwgnessonet imes referr ed to as a |lot.

For exanple, a process l-ayer that may be conposed of a

\@ﬁéraﬁlgl,ya Qf ofCBrctofesgﬂlg Q&ps%r exlrr%h ZorlBY g'p)ﬁlf Epsreﬁxﬁ%ld?&gr%ﬁers sometimes

sem conduct or. waf er a patterne
referred {1 £ & ST SEMPIRy? PERSSF Brribet g DB S PPIG offrveriessd dﬁ%v@ﬁnatenals may be

formed agisg) sdarowductpheifal I']lhbteeg%xaﬁ fpyttet‘re@ Rpdr Qg @ﬁ)toréEiémeyaﬂ)el f¥smed Across the

process E%? Dsu&r 1AGRS g;ﬁngt!oﬁthcg 1'fql(1)e£ n?yplc]g I‘ OS? ch:plljoeces {s en performed across the

usi n
process gk Nsmwagerﬁqdéwmj pbqt@eséggs arrersly | Tlss sughing oo el fnghe fofmation of

various féﬁﬁﬂe@d\t&)bj‘eaatnuﬁéi‘ﬁro&ﬁs 1@}@} esdch fdafirel Hﬁy BJ QLSS for @ﬁtﬁiﬁible Sbifdlelectrode
e ele

at ur. at rode
structure ?}r 1lsJ (r)ré oapy ?urneésh g'ensc cl)sPléitlonﬁatruc)%ur?s are glso fo‘g%ﬁ Qffoss tl(l:e sugstrate of the
sermconih@@r a’Pfie’bW ispfate dectricl aAreas ecresh sGeifumﬂMr aefeos On¢ remple of an isolation
structureShiD&h betlised 9 stallfy &8 kRS TOknk@fcer to isol ate

electrical areas across a sem conductor wafer. One

of an isolation structure that can be used is

& h%%% ﬁamgrt%%wﬂi%feg’eﬁowterswwfagw% dretlitsetypiqaiy communicate with a

manufacmamjﬁmwmmngndtmlk of prictRinfmadut NELD fdhificring tool is generally connected

to an eqlﬁaﬁwﬁf lf’i}gl%aléé‘ Iﬂg et{uﬂ)ﬁfeljltl éf'{((t,e)é?éogx?e Jexy to%(ﬂgzﬂfrglnﬁg%age 10 w}ulgh a manufacturing

manuf acturin ranewor roces
network frGRFag, ey e waﬁﬁﬁfa@fnuwaﬂ@lswwn ithe n@@ﬁ@ruapg ol ‘and the manutrcrring

framewofO NTHe Giacidnet ifker@ide &ﬂLgb:&P@fr\ be pdit @rah a@\ﬁnc_ea_ Bﬁce@ﬂd&htﬂﬂ‘?&ﬁ@ system. The
APC sygtéﬂ; g[tlgt ce ccln%olcsggpqe c%d artl ge a sgﬁiware C}%r%%am {hﬁt au%gatlcaﬁ)y e evelg the data

actur| network 16 conne
neEdedt‘?%‘?“Fel&t@fl‘i*fm}ﬂe@PmWﬂ cations between the manuf acturing
tool and the manufacturing framework. The machi ne
Fﬁﬁr@ﬁ ﬁlﬁ@t?ate@ Q@pgaﬁ @%@nﬁ%top@a’f&qw Bk seﬁiﬂcoﬁﬂl\é@p&ﬁg 188 QFERY includes

Turali % é C system systemlnltlate a
a plurality BELP igflua %\P}cmductwﬁifeclm &rgﬁgesén agrid 169\ Using kﬁq’“@g)lh%fﬁlfﬂfoﬁfét’hy processes

and equiping rpttieoad layer bEphoiossig Snal he fottaddaciseded hde EX@GUyers ghat are to be
panemaﬂ%%aﬁ%% #L {)ﬂ%g)hﬁ)xgﬁ&ﬁ;‘ Erocess, an exposure process is typically performed by a stepper on
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Figure 1 illustrates a typical sem conductor wafer
105. The sem conductor wafer 105 typically includes a
Wbwrasissy of individual senmiconductor die 103PEr/UsIvgees2744

Sirdld 6 mgaplg it oﬁ@@ﬁow D m& RPMRRNALRY gptm%@t&mék @ﬁ@%&s e paterned

Eatterned l"ayer of photoresis
ph°t°r"'sl‘sb{a¥Fé Ba“a’i’é Pi5e & B S?T‘Hﬁﬁ?‘@“gp‘?r ?féﬁ%ssw‘ft 89%‘? PR med opythe ‘t“Seﬂymg layer
or layerdxd mp@tidl ergn e thyer A pabailitonohetdl lneingtadignhdtdralo greayey the @B @IgBitern to the

underlyx@{'la}%}( PAR gz!tgmpd 1935%?& (it(ﬁ'?sky Y l:&xﬂ)lnLe}‘i opﬁlﬁrgftMeaWes G g Ilne-type features

or Opemesetpf@#enﬂﬁﬁ thghprg tﬁée @ §E‘F‘¥ ipgn ‘ﬁ‘ﬁ?ﬂyélﬁﬁ’é’kes%‘ﬁﬁﬁr oyed. Th e
patterned photoresist |ayer can be used as a nask
ctufnin@ go@&mgdwz rarﬂa@aﬁﬁ QépictiVRSf 0 hllubtiaive RRF ArOfrbdRe ﬂaa id ﬁ@med A

manufaclf{glnn%)sa/rs VS IH%?' Xessr ?{g troano Sernﬁci?]ogl %? ?«Vﬁtérs %% @F cr‘lg%IO) ?'gxese waferb may be
part of atbatginerfadet. Uh@ pdétmnmedt Ippsitoneprpeetson i pbiralitydé whiys.nig rhaayfeqturing system
may acherméﬁ@foEyeJaﬁ@Qating%%Elec‘gd V\Q{‘éﬁtfgﬁleasﬂat%ﬁ ol 290t GOWRE &85k £40). @Data relating

al feature |net efe ures or

o the syl B e 6L Bt o £t Feprtpa it . Baed
upon thg) mﬂg}atey mrq@ﬁpntxg@e@gibhc&)p&lustmafusr mayn@ mlmnbrmedﬁjpgm p@ceBses performed on
subsequdnt @MED@LK #gpi ction of an illustrative prior art

process flow is depicted. A manufacturing system may

process one or nore sem conductor wafers 105 (bl ock

They mayhkes eevival efollemmypsspridigdarith gt ethedplagies gelptipg, to processing
semxcon&wa@ﬂ w@l@tfsf Q8 oNGe @foblk@aauu&m Ghe [TE0 ﬁﬁﬁﬁet&ﬁ)gﬁ ad, l;lﬁa9|nbttﬁé dilable for
substantla df everly ’wa}e rgat waf uroc%gsfe&] r hlS a\xé?sul? anom% t{c%ﬁrr%en anallyg¥g process

elatin or a
results. Eherwlénbsva(nbvsm%@nz@@)ﬂwamu & arresuly pf th@nlsmgtda,@ Setrepdmepdt, post process

analysis Wa¥ 8¢ ﬁlpé'@a/ b}bﬁla&k&ﬁ datd Qlaﬁlfgl té b@r@ﬁl %ro@&ﬁ&i fafal 008S el may be a desire to -

t s, ‘Based
oo GRS P SRR e SR SRR gLy i s or

the-art nyethodladazien eyl onlp pravity wewbge datpier applve vatsrs. JibbrsforLsit process analysis
may be ﬂéﬁ&%@@wﬁlﬂl&@ @h}ﬁn &3@%ned§!ﬁ&[n?ofm§t)( éugt%ntﬁﬁ}yr%{uﬂln eraqgl( gfg%curacy in the post
associ ated with current methodol ogies re ating t
process ";5‘?12356 essing senm conductor wafers. One of the pr obI ens
i ncludes the fact that netrol ogy data, nmay not be
Adaitidnalp)l, @hdnGerfGibg b @6]& prad:eks)/anﬂys&[ %m%f | saHﬁEﬂ WH\BIS that were analyzed
to acquu\%gl]egg 1%??’ F‘i{e avanfabcle ?l‘lg% b Spors epsrocle{s] st%ef’rﬁe regan? raw%usly samrptle% wafers may
have beep é‘@@?‘i’d\ﬁé a rewﬂll q ét&)ﬁqqmnsprmss arrgre sthienefoest atﬂw@nfiﬁfélsq of@ sefiss @f processes

perfonnek_l@ﬁ the wafap) sSme m&tsarﬂﬂéae)@ﬁfs @i ﬁd)t)l‘@ hv%ﬂdmy‘orkﬁﬁ’thbrrﬂa@-gﬁﬂesb%al@sls This
may leax@cat SI e%lq{c%rg éa m the a%%%s[;]sgof %I%ggs? esL?tS ég%].?ﬂél?l A %orrgz e‘?atfeéﬁ xﬁay be diverted to
rework stpg¢sap ftogfler d@p@s tt@gep ttetops; the emaply waferb gy hay bp evaflablemat the end of line
stage. THERAM AG UbtinSh R ALMRI Rst-pkeeMREsis. St at e- of the- art

rret hodol ogi es may onl y, provi de netrol ogy data for

npl ed wafers. Therefore, post process anal ysis may

b"@‘e‘b@ltafffﬂmnsébs“\m“tﬂﬁ alf wfers.op dif oE RS RS okt i ef¥ilally acouracy relating
to post peb@és@ analyeit eyt dusfbrl yﬂot‘ve&i,l bdthﬁ@ inétrofogy @EKerdd cadiCErbdeREY wafEt may not be
an efﬁcul,;nt1 ??opegssgnd Qﬁag%ﬁgrzlo% ?18 }égééagl péérb]\gqu% sthQa Adthxoﬁlé?)g r%zﬁtory resources may be
°Vertaxe% Hhl aemnkag ©rasauirn eetralasy dathfigm 962% dmfeese%wvefar rigerefareathpriggustry lacks
an efﬁméﬁOEoldﬁSn AR ﬂrdbﬂnﬁ stérﬁlhinél ﬁoxﬁ Iﬂﬁ 1&@ st re@ﬁt@é‘s&‘&r&ccﬁﬁrﬂl’ @hetrdt&Yy data for each

processeg )v(vgigp mlaus VI Iséc an s 1en§ ol an % the ems Y S de h discrepancies in
scrap up }ffr 0 § dPForE

Fedu sequen ces

the metrofgges ﬂ@# @ﬂﬂéﬁd frgm S@ﬂﬂémemnprf@ﬁl Of ] Snteof ofocegsed wpferes of processes

performed on the wafers, sone of the sanpled wafers

Wpr&% 1xQ§nt1§ﬁ’§'dlr&%$o <§\91rcoﬁ‘uh'£ topﬁ rleaQQéltlcu&r RE €FR4s of one or more of the

anar¥3|s his may |eave a significant gap In the
pr"blemsofﬁ'af?)}’saib%"eof process results. Additionally, some wafers

may b e diverted to rewdrse29fiyes or to other process

stages, therefore, the sanple wafers may not be

avai |l able at the end of line stage. This may al so

detrinentally affect the post-process anal ysis.
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When data from substantially all wafers, or die
regions on the wafers, is not avail able, accuracy
WO 200803287 t 0 post process anal ysis may suffer.PEDUS066/032744

acqui ri ng metr ol ogyscEl@duRE GMintaNTION0cessed waf er may
not be an efficient process and may sl ow down the

Q‘K@fo%\iqngpﬂ’rég&%sisjnﬂglﬁt% sﬁgﬁaryAaﬂé In{/e%?&}} 1L Xx’derf t@ﬁx%\qua bas1c understandmg

resources mnma e overtaxed en at to acqg
of some pepgctsoF Bl V"%‘%‘?f‘a Thi gifmeadhnoprorbagive OYﬁﬁTeé’rOf PP rlés mot intended
to identifylkey brieeltiat dlé(nehtaﬁiktﬁe 1aﬂ:nt&ﬁ1fot RideliibatSMé stbpet the (ihvhhhen Its sole purpose is

to preserft) go?n%'cgnrg%ts ntl § 1m%li}xgd Fo a gre udle %Q}lx( Oofre d;eglgée%i%rgsgcre 1\,% ?mt is dlsi:ﬁssed later.
ndust Iso acks an ef fi CI e t soI ution to
B PE: S BTt B PP B NG PG value rlatn o

non-sampied wokpery. dEbsared arcirdeny daeorhtmanpi fingwakper tis oeeived. Metrology data

correspo§cﬁ‘1§g @fa &E&lﬁe\:ﬁﬁl&@cé’\@f a%ﬁx%mmg:cgﬁbﬁgc@%mthé Bé’tﬁ)ﬂ)ﬁ/ qgta reclatmg to the first
directed to oyercom aga | east reduci ng,

workpioqs 4 RS = gHOGRLMBIAIORG I reping f?éhepws‘i‘ wPEEL for h
above. DI SCLOSURE OF | NVENTI ON The foll owm ng presents a
&1 spptheriaprset of thaweepapt Brentities mathedis Promiddnfongpgerimpting a metrology value

relating ﬁrﬂﬂdnéﬂn;ﬂedb@ﬁkﬁecﬁnd&frﬁtpﬁﬂa@h ROpeShmSo Hﬁmaﬁﬂﬁc&&kﬁe t bl%trology data

relatmg tX? Ers Worl\?mec? resultS ngn?g?n Mle 515 { Qr%ié-etss: {% d:gchl;]rfc*'] Sf‘%g‘%?t?p}lég% élg/on a second
Workple%} ris parfornjed.q A rela@wém ketvegPn thiy dirst prpeast dnd hegmetiolygy édtd elatiteeto the first
workpiede NEmSERPE ARfstilARd hﬁﬁ‘(ﬁ@'dﬁ’t@ -relthxtagc' oS Rcd %%ﬁce‘ Ssuftife from the first

process g dgt'%%grtgds ﬁigtgr%}ea ondléltbgf:c? 3%818?4618{; % %etr?ﬁ]ﬁtfonggp between the first
process 2l the ms'sdaddy Hat.er. I n one aspect of the present

invention, a nmethod is for approximating a netrol ogy ]
Ykﬂdndtﬁerraqieatolf g pfeﬁbnﬁmﬁhﬁfbnSﬁﬂf&h@lds WBYAK@I M@prom&ﬁig ra&ﬂ:trology value
relatmg tlggthgrp ldmhxd %jgrzc@ecrre e!A?roa u torq a alura 1 %ec?s is gerfozmed é set of sampled

cel vedl reS
Woﬂmle% fRPi th alufalty 05 p’roelsmepmt i del‘ts&é € quyt}@b merdlegy rdetar wladngyto the sampled
workpiedd@is@cdu@taat A rxi@tr&lﬁgyt daR rélétfoﬁélanBéf\x}é&i B€ BlufaBty RF Q¥ikPiceR and the acquired

R . T
workpiecgs mm@tﬁd basedornow ihe @@deﬂ@rrela]@pﬂhwx iTire priofegfecametmiogn flaegy assigned to the

non-sampléd WiBkpic@dsat i ng to a non-sanpl ed workpiece. A first
process is performed upon a first workpiece. Metrol ogy

ﬂla:;n é'reaLp@&t offe égsetlpiﬁvegﬁd'nsé mg\%gdlﬂghr%g ?edrfglsalﬂ 116*1919& a%{pgrolocy value

|rst process Is ac rocess u
relating tg_ a §@b%ﬁale%?rk%?0@cé pfogesb@op B Pl ohwerknieces %ﬁ@feﬂmﬁd A set of sampled
workpiecoe o ahe plaality i deiorl@l’e&G as Selard. tMam&ﬁmg@ gmtadaraﬁlg to the sampled

t
workplecese ls %%:]dat < R n}e!'x]oq? IJat% del xonslf et;V:v%en tﬁ? Buiaﬁté og workwapes and the acquired

approxmmrmﬁp@aedqtae% Iﬂieumfeﬁs rlbWP‘iel?é fPquwted pretselegysdajagrelating to non-sampled
workpiec@eis %Erfﬂa&& Based Ghos ﬂ@%&l@l& RAtSKp. | $hebﬁ§€&edl-iﬁ@rﬂlo§)r@ta relating to non-
sampled ng ng_ of the rel ationship between the first process
Pled WP RS 11¥FY ol ogy data. In another aspect of the
present invention, a nmethod is provided for

B’IﬂBPtB")U“?PﬁT‘ ofy &w areﬂeéi Wmn%cﬁlya RS Prng%Ffllf?fgapfraxngatmg a metrology value

relating 10 @ RenSsamfplbdeebripiaek pihe @ﬁtemAf e preRttSnviafidn malupﬂs d pBlalifypf @brkpieces and
e [ t [
a metrol% t&ﬁ) lto &Sﬁrl lﬁegf?i@%yf @a(ar@ %glﬁ)gcegﬁpll%ggg ect e 1t}pote\go%fp1eces The
system ah%tﬂl@blﬁ?ﬁgawoataqﬂar ‘i"eﬁpﬁf”ilﬁﬁe f%re%m@i%arn@rsqobay 5% Felsiing ot jlegst one non-
sampled %ﬁphbxfeeﬂnn e Ijiﬁfahi)ﬂ ARrkgRtea bﬂs&%] afoh Qﬁbsﬁiétﬁéo@ﬁﬁﬂi@ Q&Ihuﬁé']ﬁ the sampled
s and the acquired approximate

Workplecgl provfdea%/;mﬁmf&mefm’%g% e process i s nodel ed. Projected
netrol ogy data relating to non-sanpled workpieces is
generat ed based upon the nodel ed rel ationship. The
proj ected metrol ogy dat &283 °BKsi gned to the
non- sanpl ed wor kpi eces.
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I n anot her aspect of the present invention, a nethod
is provided for approximating a nmetrol ogy val ue

WO 200a0328¢7 t 0 a non- sanpl ed wor kpi ece. A pr ocesSBCT/PSIV0&032744
im;l Mﬂq@l@ dsihl d;@;ﬁ’ H\é}@x@iﬁﬁ’t‘ iRe@dn,! aﬁ a@%tﬁxﬁrs Hﬁﬁdedﬁbx&%mﬂ&mt&@%ktﬁﬁogy value

relatmgé alngg fa&gﬁaﬁ Xgr&(ﬂ\gﬁet E}éﬁtag uarg.lgy% b%/;erger}t &Vg}tlﬁlh@d?% s ¢ Wgtroller to approximate
correspopdinphedlogndaeptlaine ® it Bashag nerredpledwaigiccofragyiumdiy of processed plurality
of work{n@de@gds&nﬁ)m Qet%g%ﬁy reia'ﬂﬁ‘g Bltﬁérs@rhﬁlg&/w&fcplée@ fokﬂ?b\@&edspr@&%d metrology
data, he acquired approxi mate netrology data for the

process is nodel ed. Projected nmetrology data relating

t o non-sanpl ed workpi eces is generated based upon the

b ¥re predieragnegitof e BT inveKien. g cefpruter ieflablp progrpim gigragiederice encoded with
instructibif lisgdrdvitigd foﬁapﬁfbﬂﬁﬁﬂiﬂya%tr&ﬂ@gryk/ﬁlh@x@l@ﬁnglt&a &)‘h@in@ﬂ’ed vdofkplece The computer

readable p}lg]rg%t}*pme Etar ?ep (%Vlce gnco&eg tFrms rgcrex%nslt Trv]hen CXécutf({l }’ 2lem,!

or  appr oxi & ef"ﬁ?‘ﬁteﬁ’gp erforms a
method, fcompgising Wc@ﬂm@wrmev«plpyc@a rqrﬁeg sv;@,iiré mod<fp1eceh élhp mehedyso includes
approxnhdﬂﬁ»f@ﬂ@&o@:@y Hdibﬁdoﬁgg&dﬁg Qlaldécallld WorkpRbe B%éﬁlﬁﬁﬂn%%traleg' dBta relating to the

t ool trolo ta froma sanple
first wor%?cﬁ 5 pé‘g’}e/de]a Pr&%ﬂf etrﬁ\% (ii a'r%m%?o %ﬁg%/cl?‘ﬂﬂa Ppieee-The syst em
al so includes a controller to approximte
correspondi ng E%#@g%3§¥§#ﬁ§§g&§h@%§&§¥%§ at | east one
nonsanpl ed wor of workpi eces
agsed q@@n ghe netrolo data relating to the sanpl ed
f RBTEEE 3° Brgvrdey & %?*»a? Bdrddopive F‘iﬁf%’@?f‘ tefsp B calﬁunctm with the
accompaapipadrawines, ih $/hipl like rdle@ched mea)d plemify HieiclementQanded widthogy
val ue relating to a non-sanpl ed morkpiece The
%%B%r O| tra?es a agxz?% )§( H:g ne o{:] ¥ res?%llg&o%d L ﬁvlséa errre ?art onixag %{octessed by a -
Sﬂm“m¢§PaWWW§“W§%érm$éast one non- sanpled wor kpi'ece from
plurality of processed plurality of workpi eces based
WROR 2RRLEak Q8Ywdat @pk&hdtd J}Qr $0ndalR@ £ QH)HJS&% sme&gﬁcﬁ)g @afers;
to provide a prOJecged netrol ogy data. In yet another
aspect_of the present invention, a conputer readable
B rgafg PalsEaies raé%fék diagyine f HHeR Bhesprdanpe Wik opa ilysitaive eqaodiment of the

present ifiNettithded for approxi mati ng a netrol ogy val ue rel ating
to a non-sanpl ed wor kpi ece. The conputer readabl e

\%}r%%% r4aﬁn tra% at 31%@?‘2%1‘(68%@8&{1 %?agne B%JBQF[%Q%&%% 1gure} J] ?ntdccordance
with Oneéldmi}!ﬂﬁb'%anbgdlme@ efl thd piggemtrmaeptiored netrol ogy data r el ati ng
to a first workpi ece. The nethod al so i ncl udes

@%ereéjﬁ g@hiu&&te@én[p% %?hgﬁtﬂﬂls&alg&[s ©P \39 ngcl.leﬂgﬁ $f9ne§ol§§'crgegglrements

kpi ece based upon ata refatin
in a°c°r‘{aPF€ vith P’%‘P“WR%W%‘E@W%‘“B%@\W@@“& lb‘f%']“’éct ed metr oI ogy
data relating to the second workpi ece. BRI EF

@éﬁ@@ﬂﬁI&a@Na%w RRAVMENCASN $HiBe iV Bithd BEhJIRH a@x%rdar_xce with an illustrative
refe %ence to the follow ng description

em&ﬁm? ?ﬁm m%%bﬁ¥ﬁﬁ%tp n with the acconpanyi ng draw ngs,
in mhlch I|ke reference nunerals identify Iike
Elgangrithgirat@radmere dethiled Aow Bhagldeictibn iof thel Stepsadf @&foBming a metrology data
expansiof b¥bds R HighleR] lgsac&aan&fwﬁ o gmtﬁ%%}ﬁ%d%?enmfth%gregéﬂ%vem
be processed by a sem conduct or acturing systemn
Figure 2 illustrates a flowchart depiction of a prior
Sthile the ioentorf is pusgspidhieets Strivys Bedificetiontiand rltamativef ferms,; speRifig ymbodiments

thereof hdvd HGEM&BWEﬁ&aﬁOfQL‘Q% idi It&gﬂ%gg tindaaresh'e‘ﬁé@ﬁ@sérmed in detail. It should be
understoof'goweva wi.th ane il tive enbodi nent

T, thal thg H?Sfrgaﬁon erein o spem ic embodiments is not mtended to }umt the invention to
the pamcular forms dlsclosed but on the contrary, the intention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the appended clairus.
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Figure 4 illustrates a nore detailed block di agram
depiction of a process unit of Figure 3, in accordance
wawdaonosese7 i | | ustrati ve enbodi nent of the preserPtT/US2006/032744

i nvention; HopEESFORCARRVINGIOUT FHE IRVENRIEN Y
graphical illustrations of the nodeling of netrol ogy
qﬁﬂ%ﬁ-g{vg qgt{lwtdl%e?tg ?fhtﬂcuq reétg)gﬂ ecllesrc]1r\1/beed Pé{&avtr; I Ig S Iteresy%f[ c[anty, not all features
of an agtya] {plqmgptation gref 468%%%&@@8 wegilicetidnont wil, ofnemsq, &psppofeiatefi ghat in the
developﬁli&ft hods, &ubh a0 Eﬂﬁﬁ%nty\hﬁtﬁbr(ﬁﬁ 1dlﬂlénké§tﬁﬁ<ﬁtsbééﬁc BGHk TR te made to
achieve %e deveF rsr essengtl tc alps sug elas%nrh 1a nog te relaty cle né?)t rates 1 ad
B a PR h B PRl R c?i’ Of EI’? F&ond PRyyessgplated constraints,
which Irpé Wtrb from nge 1apphaew«t)brogynmt aMexqemi iwdhbeppwredsss tigf such a development

effort m@h@ﬂd E&nyﬁ’ex ah(f‘tnrﬁec&%ﬁiﬂi@ Rt Iﬂﬂytngveﬁiﬂzlehé te 'd%uﬁ@etdn&%alﬂng for those of ordinary
sent i nvention. Wile

skill in tgerﬂftg‘ﬁ‘t’?got ?egef%ﬁfhllt‘%&c B2 to various nodifi cat | ons and
alternative fornms, specific enbodi nents thereof have
bitbe pregrGivantioy VMIBI)b_WQfe deseatEp hvgh feﬂ:rdnlfb&o dﬁ&tﬁcﬁh@&igﬂ@dﬂ V&FiBus structures,
computeEse En%&;s]s 8&? %5& Q@tﬁmé %e gc%grgaltlcall Idg c%er& 1 the d?a%vm%g 0?{;)%%0869 of explanation

wever , SCri erein o
only and:§ot76 ¢ B ﬁltsgmr e prgtent lme’etwa @eth tiesalls it are ppibkriopyy énthpsoskitiad in the art.

Neverthdl$3€ t}ibadtﬁidhedl Hxﬁﬁnnﬁﬁrﬂ&clﬂdeﬂ% @&&@e ahﬂéxp@ﬁ ilRRatie® BlahmBley of the present
er . al

mvenno}l hﬁle Iv)%{d? rid gﬁrgsels lzseé )I(l) {em sng ld be unde s 0|0f1 anr? dr%worfatﬁ? tﬁ hf‘ﬁ a meaning consistent

ernati ves
with theslbclefsratldlm thegegpmeds @ Rbivees by hesstskitkrd imthe cisfinhet Nyspedind definition of a

term or lﬂﬂa@@ nel Qidleﬁﬂltﬂinrt‘lﬁt Mlﬂ‘&ﬁt $Hm lﬁQ%rd%BRXcEéé@ox%]J myﬁﬁg as understood by those
MG I N
term or phrhsefie atended 9o b#ve arspetl waduinigipl, ermesatiag ober thamethal esdersidoé dy skilled

__ artisans, sﬁbhtamp&laﬁgﬁﬁitlt)ﬁ Q}ﬁi e F]rerB S ftrlthv in ¥e sﬁ&ﬁfé@)n iDL definitional manner that

reci at int devel opnent of any such actua
dircotly aé‘ﬁ’gﬁeﬂfl?‘ﬁ? Y pmﬁﬂfﬁsett‘%ﬁﬁ%“ail PRSP ErRPR (Bt PrEer g‘ﬁ@&l fic decisions

may be nmade to achi eve the devel opers' specific goals,

Poiibns @6 the rfaktiba AR ondsfidadify/ Eetaaéd de@kipiod Aredifented in terms of software, or
algonﬂuﬁ)sug'id Icex!etgrgs%rgatl ok %é rﬁpaelraﬂgq%borne%a\t/ gpﬂs w%(hlr\ll ar on%\ﬁtgrmmgrgory These
descnpﬁarps ﬂP‘é@P‘ﬁﬁle@e“OPh aie the gedy by Wishy losspkerdinar ki rin thmarg lnffectiesly convey the
substanc€ Mu&%ﬂ&ﬁdﬁﬂeﬁs FEor8iad sl iﬁ@te aRUtAn %Untﬁlﬁ € b gk %Sﬁedh@reaand as it is
used gener?dt'(ly F]S concelvgdte tﬁeaklserl] xflst(IJs n% se u%itecg o{ﬁt F!:acgltﬁ,% asd%(slﬁlg E%“Ets él“ m steps are
those requizipg plryisior) lelbllllattfmwf tvlysttel spantitied Usiatlh thoggherroe neessdrity, thae quantities
take the Rtk 8iCIREA], Elb@ie §r magﬁyhb Qéhils %gpﬁﬂié:&fl%ﬁgqstor&pg P £ddSoombined, compared,
and otheRJS%cesls t‘coc(l)v‘I S are sc eqat i cal 'y depi cted

R G s PP 5P SRS B S B ok Foat P pmaeee,t refer
to these walag bitp valos, cbrsu syenbblehgacesseintms ) nndag, biothe ikt h
details that are well known to those skilled in the
IlOalldl\% {1)12 IﬂleJl’l§§ %bw%xjgxe th%t? lllao% ege d{l %Vm\llﬂ grmgrr% to Q as; c1ageld with the
escri be an i1 Ive exanple of e
aPPfOPmﬁ? Rt qqawvemnri Ch met%emmma@ laérﬂa anphiedeie dhgse lsxg@dnqqe Pakesy specifically

stated oB&1@14E, orhR ikl REREST GO BN dlséuﬁklidﬁr EHE‘@; @Qh ta@ B@Ue@su% r@?a@érﬁfﬁltmg or
calculatlcfl%n()srl ge‘terrnnm\M ! bdlsplpagmg? d er {c])Qhe a%t iR ﬁx?ds pé(}CfssesNga computer system,

e rel
or S‘mﬂaé ﬁ@éfpfm cmﬁftftgldﬁ\rlqvnth@fmaalptlmsmnd) trangflamzgleta repregented as physical, electronic

quantitieS@dHidind bdﬁ{ﬂ)ut%xhﬁgterﬁ § re@isibh BXdEdmotiésQid big dkh glhﬂﬁ{yyreﬁ&glted as physwal
as understood b

auansie ST Copa e B et CEEE R P St B BOGH Bp ey Bangision o
display dgjfices.he term or phrase herein. To the extent that a

termor phrase is intended to have a special neaning,

i.e., a meaning other than that understood by skilled

artisans, such a speC|aI-def|n|t|on will be expressly

set forth in the specif8%Pi°6F in a definitional

manner that directly and unequivocally provides the

speci al definition for the termor phrase.
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Portions of the invention and correspondi ng detail ed
description are presented in terns of software, or
W(ah(g)omiszsmrs and synbolic representati ons of OpPCHUSING032744

érg %ﬁl@)@ &ﬁr&ﬁé‘ptobés&s %a&%%k@& in @ﬂ&ﬁﬂucto?ﬂ%ﬁcmrmg Workpxeces (eg.,
semico scriptions and repres entations are th

e es b
‘H’S’é &aiges 18y &?‘Wgﬁnﬁ“"g’k Idfvlweﬁ ey At Ygeleyterred tg\?%g ‘gtﬂﬁjf\/@?’“facmmg
process tdals. Fubslivacef die prdsai invandorkprovddedbriyeediotiaf andfod hssigniyg process data for

wafers tﬁek IVJCIIB nb%éamﬁeda rlJchesABroﬁiég %{:océsp at@o%s %E%n&&%‘i“tdﬁ 'as%b%ggg with certain

as It 1s use enera ,  1'S conceil ve
measureg v;g@rs]c eteofey e wed toseé%@%cegfdagtr@ﬁfglg |t<ég_talileﬁsgrefi &t gon-sampled wafers.
Inline aléxs offi@d nie@Slodyt data Bk bS e dedaihd® mbBRSBsigned) toi Irohmxp&hmfe&a:lased upon

measurem&cﬁ(zgg%éa otné?l sgfe d?% ya%h/&aétheg wac&rlfg-rﬁlaé? ﬁa I¥1 on glment inline

metrologyrﬁaﬁa ezg}udes @}e@@lggy datg |acqu{§qdci)qﬂ gﬁgsta]oee xgqct@]@ay @o]cym d@ta @fsociated with a

partiouldd @lobegsitt Pér@ifbn of hiAnsh Qirﬁ@dr pro@BED IFBL&amBIE HME ﬁl&rol@? data may include
roven, canveni

data rela%n%}ﬁg HM t%lckness ”th lxc@ﬁ (% certam feag.lres or? %rf)cessed wa ers overl gy meafurements resulting

sons
from phf)@h'é?grquv trh@sremmtSQ e §16 aléce bile one vrabqsle@nt efﬂewetmt@logy data includes

metrologSJYdm(ﬂLaS 1s s@dﬁﬁﬁtﬁﬂ} 0t part &ﬁﬁé’@@duﬂ%ﬂ@@{/ %um@ rpchgbﬁné btks@mlcclntductor wafers

105. ¥ ithelenPRip el R o ab Slenl tatr i R e semiconduco
wafers 18} pield|of thaprecepbri gifaaknddledit-i t i es and are nerely
conveni ent | abels applied to these quantities. Unless

glﬁ!) ahyc QLtLt%tlc%f @Lﬁgncg tfégglt ySo% ’cqlgﬁateﬁ %as%&su @P Bﬂu@a@&xrnrgrd(;@ current or
i ng"

I SCus
hlstonca} Erﬁ‘i?ﬁflflﬁq‘l ﬁl@d th@ Pke' 8‘ 5? w[stg,tillcwﬁider@? mam?v&cﬁp H‘lid)ﬁﬁlon girthe confidence level
associatcdOWith e el me@blodylieta kdldify o hef @fplkdwdflie action and

processes of a conputer system or simlar electroni c,

 FOPE R B Rl LB PORT o PR CRORRY ey o

associatqdhvdthgompuirkd waipst dirt sssigwypns tfghsestmadednisline ridig offfiteometrology data to

specific 9&&35‘3&plg(ﬁ$vﬁ"er§ Hﬁ%h@ﬁéﬂyﬁcfaﬁ erﬁ:égfﬁ'ﬂﬁlﬁdzalﬁﬁs EQMCﬁﬁAg related analyses, such as
uantitires wt he conputer system nenorie

post pro&:ésgqng.ys& Rroggps paff?fgxfmcg EIIEHSIF ﬁcro IR PSS agflﬁsfsaa% Ac?dltlonally, the problems
associatddr wifhsyaingied onfesrdreppisp loatyfrahe v ipc@satip jifie mpyTh ptrematefl @s ja result of the
avallabllﬁir é%éstgﬂatea Eelﬂﬁ&? géac'x%ﬁtlﬁgh@ﬁon%&ﬁpléd%%- ved in
sem conduct or fmanuf acturing. Workpi eces {e.g.,
sem conductor wafers 105, sem conductor devices, etc.) ‘
draing oy éafigyre 3t blpéfddutgrﬁnbépghnmf t2] Spy$tean, i pagpranesy it g illustrative

embodm&ﬁﬂﬁ%sprés&eh%num%th 'Hw@f/ste‘hhﬁo REBFBRLa chitdPIbhkd Dnit 310 that is

capable ?tr overseefné ?{ﬁr edi tﬁc} rleg]]p Ctl?/g] o/egatlons 0 a Elrah ré)? %?esgfsé?l}ctirglt segments in a
vvere no asure roces S,

factory/fafy. &9@3@1&1@9 fagtoiyoms comprigprvatiays ersceéﬁmgtt@@shaa@s @@irdkéw ane prhmore tool
controlidtthiei RhybePRASHApRAeV R 81Snit. €1 C., MY b e used to

estimate process data relati ng to unmeasured or

non-sanpl ed wafers. Inline and/or offline netrol ogy

a‘ 5? %ntﬁaéﬁOnB‘OIélnﬁé]d)elF :‘eaaabéerfa‘ rq,?ﬁym%daéa agg/gxi 1@%@10@s(ﬁom external sources (i.e.,
sources dx@malsa Apbweg/ M faewal 45 &6a thtapdsuRBdsd stk Rtemal tﬁigféctd@lfﬁ) to affect
the oper%l%ﬁ’ lof &afxégs %oxgp%g‘l%%s o@g(ycg;y oi‘ﬂ%@ntﬁ?&%&ﬁ%&f 10 rx‘%g aﬁo 9om%gse a computer

odi nent’, inl
system 30, et o engatirent perfasgipes trtows taky ok aticalsulgting @fiﬁlﬁﬁlavsmﬁ garious parameters
and gendidih En@E Yarkdrs er@bdikeng vARlPxRHSINGH/ alifenaMdiitd) These control parameters
may therﬂaar %eld goucilrect th%rooegae iz)rz <|>fn v%mug) c%gnggnefqtgo e cltorx]sgfarre t ?Ol ogy data
nay include data relating to f|In1th|ckness l'ine-

Whaktyktenn 8000y tatad ponfpeiset al’™ svcanqu%@,@eﬁé“@obcmﬁretr.’éﬂ thoonglr dnely” process
unit 380/TE@Ee Y# @%@1‘; Rt %&%L %89366 5%%&9111& o'ﬂngrﬂ'E}Q;{)rocessm tools a process
measur enent s, and t he . I'n one enbodi nent, of T I'f e

nmet r ol ogy dat a |ncludes netrology data that is
substantially not part dRsadrlproduction flow during
processing o f sem conductor wafers 105. For exanpl e,
offline netrology data may refer to electrical test
results o f the processed sem conductor wafers 105,
yield of the processed wafers, and the |ike.
Addltlonally, a statlstlcal confldence factor - may b e

Y I T

T | o o
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hi storical process data, and the |ike. The statistica
confidence may provide an indication of the confidence
wo eaelo3mesoci ated with the nodel ed netrol ogy de€EHUS2006/032744

t congr(pﬂéﬂfélgcﬂ&rfoﬂﬂr' JL@FLW For §@mﬂhﬁ§wé&&fpﬁfc&sngM$ré Edtd'llgd &BRREINIBNLS1* through

proces? ‘?’f‘bﬁg 8%0: re %?wc&eg %ure 4 ahd aec%(;mé)algm %%slcrl tlgra %\llﬁav'\{.‘] ﬁ/ or

non- sanpl ed mafers The aSS|gnnent of the estimated
Cohtinmieg effakingrto Gfghiei3n the mptamo300 gyay chixd @orbyoiss peaa ftbrage unit 390 that is
capable m&eﬁﬂEWhﬁéjan%r‘ §fime E@tyolcgr @atp %Q@gli z%'t&ll stﬁt@ 4t 1&9 &@vﬁ‘g)us processing

i us manufacturing-rel ated anal ySes such pos
units 36(]1,)17’ 880 &3 §neaﬁ‘i‘§?‘§}’§?”§ togf, F%‘E 84y m@@’iﬂfebfoﬁ‘ﬁ%‘@ d&ﬁ‘a¥a§ §P‘§ rate data, temp erature
data, hurhiGin| daitrelbting | OG@BlRr slales vih 2 fbessinfdebl. t Tieath biyrage iR 390 may also

contain rPJnQQJ:tmg Fl%%%%gx%\gg% 8{3\/18\55&%3)%&%@ lwggrs m@lﬁrﬁxgrs thgj ﬁaQ'cps%r%Q ul %90 tmay store

att enuat ed
estlmateé)plnteﬁed/g\pg]u}emrplpgyyiata felaé\gg to m%@plﬁ@r?%qsgpg\ylf@%tfgnce the combmatxon
of actual ﬁil:tﬁildgﬁ gata @emﬁgl 15 QPle@ tafdR] @i Sestintakbdl nhdﬁ@ogyoautat Rlafhe0d l'Bn-sampled

wafers, 1%&8/' 91( atgrfa m deo?ngf el sotnof %‘etrﬁ S cfis ga of, eac prﬁ%ssed wafer. Inline

an I Ive e ment
and/or o@rng g@mlogyﬁ@t@ relatipgto sqbstgntxplﬂprlpa@g waffy én ahptch etnlptgm be compiled, sorted,

and storé&@rﬂﬁé iia‘Eaes‘ﬁora%e Glﬁfﬁ% afheCai Etfn@ﬁe UaR B30 %anﬁdﬂ@@oxﬂpo&nﬁ ﬁﬂﬁlﬂbﬁ for access
er seei n ve Oper ations

o corf i Gy B ) Gt B K P BE o s

factory/ fab. For exanple, a factory may conprise

Ther syoens 300 moeg elssiomgride @ @lodelinfadit 380 @at¢ompablelof @aieling)inlima end/or offline
metrolog9 rdatqqglgtmg Q9 ITIOIPIQ&EL[I‘&' J)ref{oﬁ sel:nl})?eh \fﬁge%( bV&oQ@FaLtoxg Jucl?as tool state data,

process control unit he cent contro un
metmlogééﬁfafﬂlﬂé%ﬁo SPrERICS; WA Sta%ftl%l HAYIH Pistopst 4%?@%%%%5 ci., may be

used by @6l uni B340rt6 PG fofnh & apprE:aMAtDE Sr @KElQIon af inlin® dfta and/or offline metrology - - --

_data relaIu%% 2 n)éénfl %)Wafe?s $rid V‘@’st!n? 2% o??a/@}l{e% Ia{ngl ?%fi'r H%F]&le sa%pled wafers

internal to-a

for readify 6@1‘%‘?&)‘#%@“‘\%’? the pap- Sé’é?ﬁf’dﬁéﬂ*ﬁ s of a factory. The

central control unit 310 may al so conprise a conputer

W&ﬁ@%ﬂ%@t@n& RRktrated uptﬁp@yg’tlerﬁ 364, m@ﬁﬁlﬁéaﬁm:eﬂgal ‘éé}ﬁxb%ﬁ 310 the modeling

such cal cul ati i fications of varé

unit 330, 6§P gxﬁ%(fog)lpgse &ﬁrnga'ee ﬁ(éfi,w&er g/g%%gvaFrS r.mlB,aqr gxﬁ;élfeé:f)xgpx?% of any combination
thereof. ThsPorIpegt Mindad mauSmptee mrabryaordibhortion tewdlias a damhery storage portion
to store difd€S€ control parameters may then b e used to direct

the operation o f various conponents of the

factory/fab. The system 300 may al so conprise a 1st

PRy tp Rigtre $g0lock diggign frpistienss thy progess3mpiss AP HLig Accardansg with one
illustratileMB R RentidTide pa3éht 1n§rdﬁﬁon]1§§ro$1&b605@h oNh@ﬁr@&SSSﬁlthD-B&) may comprise a

tool contro(ﬁer ﬁ § gxat IF ¥alp%b?enc¥¥co ?.r[ollm% &e o%:r 1?n (9] ppr;c%gsgﬁs 0{3119436 and/or a metrology tool

er processi ng.
440. In %ﬁléls@éveeambe@m%§1@mrqypsplem@oldﬁ0 mhbebe:@s Ptch teplougginosiion tool, a chemical-

mechanifl RESHS ((CMP)tt&)l %@Qota&(bgﬁﬁ}@ g&lﬂ ,@¥dndl e@lerltm Ebi £ pAceéﬂg semiconductor
C npan on el.OW.
wafers 1?58 Xe(iia 0 q"‘? ﬁ% ﬁw"%%?@“%;}“la? §‘b‘i’ ¢ 8%‘% ‘%eé“"agyd‘iﬁaa‘elamg toa

processed seguicanfactomyvater 300 'lthh aktralegy camp el vey bf a stecieiont tagl dr itlnag de integrated

with the ﬁx@% ol de' A %Eaﬁﬁh@ﬂ%e %trﬁay r@&vé’\@dltal frofi aﬂd%? Len§ bt 0, the central
dat a fron1t he. vari ous Processi ng units 60- . In one

control uglﬁ%}&d ITh%q?fa rectelélﬁﬂ byé]fleac{a@ n&ea’fa&e ﬁgylay Ecr t@iﬁd tp ﬁonrsrPlevggﬂxls gomponents of the
process utlitt 340-3 Hamclidigwirdibethesteationtof thp poabsiiz@ootieBdand thakdudiobytool 440.
data relating to a chamber associated with a
@%rﬁip%n S {ggﬂ tuoe(s) sfxu FEP Hano%s;«%el%glor ax[g?hmamtﬂustranons rréP yméato %he modeling of
metrologp ﬁ%fé@%@do mfsem}sled ‘Fﬁﬁf% i depictedy @h@awsaatgvmwgbd @rﬁlgures 86-5D may be
calculatedBY 1% {rJ16linE Shit ARY @¢hgl vatidud Q1RO TR delaitsHifR (k9| e B¥sed on actual
data relating to non-sanpl ed processed wafers. Hence,
the conbination of actual netrology data relating to
sanpl ed wafers, and estifA%t’@4' et rol ogy data rel ating
to non-sanpl ed wafers, may be grouped together to form
a conplete set of netrology data for each processed
wafer. Inline and/or offline metrol ogy data rel ating
to substantially all of the wafers in a batch or | ot

may be conpil ed, sorted,
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and stored in the data storage unit 390. The data
storage unit 390 may include conponents that allow for
w@ewem®sef its content by various conponents eRCEUSRNG6/032744

'meﬁsbmﬁiﬁﬁé Qf w{é]lﬁa% %‘L@x@vjal daR, 1l3€n RYHBMoB W1 valiltBnsS WSt B0 330 Q)rcﬁgs\é variations,

SO conprise a model ing unit 330 that is capable
andtheﬁi’idel ing inline and/or offline nmetrol ogy data rel atl ng
to non-measured or non-sanpl ed wafers. Various
fAaGiuetkSed iSEIghe 2§ atsﬂ@thntﬁﬂ}aﬁrﬁard@itlanshlﬁﬂfay Bd &g@lopécﬂﬁeﬁveen various values

relatng ;laﬁ%cexlg}gm ttrgl %su?gne fas%gcic'a’teds’tb"z-il cfl §r tcof%lwa ersalAX a s llﬁed illustrative
al - dat P iged

ocess parane
examplebg/bafch er Wevlafueﬁ ey ?ﬂntpn%@fer ot ﬁb@ﬁgbd’raﬁqr aw ép\mabwfﬁamut@rbawh may be
selected Gdr aiill Mbs@bhe@R. Bdr ekdiﬂpleﬂx@af&@l BvaBRAloOwar@fibd, hﬁlﬁvaﬁ’@#f(ﬁﬂo@fb}’pamcular

lot may ge sela %tedetjo aa%%l[;]sgxo}ﬁ c_?f n?e nlf) GAT{/)\/a Sse %ll\é\grgtﬁéyl g%guxligzﬁés Zt et{loay measurement of
wafer #l/\msereyteft@m negelelyl \yﬂuﬁ a¢ the integelpaygneatieseit ittt itowaff#10 gy result in

metrolog'jloﬁhé@nﬂlxﬁ‘éd'ol‘ﬁ@f BbSureny@l fe@h‘dﬁ’% %om&[vﬁﬂfn%y r!:slul‘tlghf fn@&cﬁ’%y'vﬂlue -C, and
e centra ontrol, uni

metrologgwasu{eﬁ%& a&gq tP ﬁ"@p U%?H {na%% t néxpi:tro ogwe N %FSF gaéa points may be used to
establishherrcalwdates lisaf klagmehip bbb the frietrolvgrngayreine®s andrthenwmyiods gvafers in the
batch or@& n’ﬁﬁé él%n@lfp r@@)émﬁc%@dﬂ%te‘v@&l}ljﬂm& beh-ghgr aqaﬁ?iatﬁ);l@f @791@11 may be

may. C rise a nmenory control tion as wel
a factor ﬁéetaf%wafi} T e S ow

to Figure 4, a bl ock diagram depiction of the process

Uknt a&erddiOe chfbOdiineht mfeﬁmfsﬁﬂlﬂﬁs&n&\ﬂekdﬁlpﬁﬂhereia{eh WSHiguads 5X8D may also apply

to indivﬁ{gf? ?gs m ers énstezgi rde Véchglt Velrﬁ other wgr s %lrec}l\ll Itr?l%%y measuc%pments (ie.,

I 0OCess un t
value A 4 PP Hspraen Fighst SA- @mqo%leletema ORI HID st g0 K. Additonally, in

yet anotlﬂzpﬁfeﬂlﬁtlv@ Qm&fdm@ntpﬂl@ﬁlﬁs‘&%ﬂldﬁgaﬂd QeXLrifhid r@nel t@ Fxg@e&fﬂn%@h\fso applyto. . - -

ati-ve e

t
71nd1v1duaF1Jl regé)gss cg’ Ia Harllct‘ 1lar nggéBStF?é ¥ zBl een%rﬁ wg 0191 og;gr worc& geezﬁ?%)}ogY rgﬁlsurements

(i.e., valyegp|B, CD, (Ehélmﬂefati mr@tghlaﬁAéQImapmr'reQmmgregl@NP) regioo}10, region #30, etc.
phot ol i t hography tool, or any other tool capable of

1A odcgsw a}qhesslgaeg&wah‘ardewp%%elﬁém ;I;Daﬁon%é e Jin Figure 54,

t ool IS Ca achIrlnglnlne and/ or oftline
metroloaéfewa fslgtgzngd%uaaw? ErRle At & ga O EERsBY Wemidily Arpedgted using the
graphicafhiifsetitiod OfFiguld 6. et dx g Yhe hdampldDwata 1 ﬂl@yaoﬁ&&ﬁﬁh alefI6ey value-
E, whlcl; rgg be ggsg}'n%d tgr%{fe 5. I pgs%gg Esgagalywﬁ 8p wgtle}%l? %1%? te € 1ato coun? l[he fact that

ta I nter a
the metfﬁlparﬂalu&ﬁdw 6 estiwpied Blinecant/ey, ofﬂlh@meté#ﬁgv a#luq:reh@rrgd@ Wafﬂri #15. Similarly,

estimated LQtrola_gh'evadlai RlHRC R WBE MY-sdniped dalias iy 8¢ Fagi8 4aRxiB¥d using the

111ustrauvere1Lhon%@ ntﬁol g/[g\rl ous conponents of the process
i I 'ACT Udi ng directing the operation of

t he proceSS|ng tool 430 and the netrol ogy tool 440.
pitt uilhn'stqu okigro SHFiagxulnee sxelplatylpodelar caaubti@xdfiphgathy relationship between
pmlculagﬁl&f?) [g§ Qlleasﬁrlerlnéﬁ?'\;a[u@; aln@ Qacho[lse\!vﬁéré 19 bLth &h& of‘(!?ﬂé?é lnﬁgbeo(jeveloped The

netro dat a relatln to non- Sang erS 'S
metrology élﬁ?%fe@ams TPHREPE P NS #bt“fa%ﬁﬁlop%fer oanfi AT 0 By gcogpyde with a
pamculaﬂmytrobgy eddecAlvatiie ch dyeptable, pli’ﬁdéiéﬁnluﬁ@ mbk@intof BBn¢sS ITREefore, an estimated

value (va\ﬁ%-rﬁg %§ belaals%%%«# JDP?F“I ulalr:I £5%.- ngeg u%‘ﬂ |W9fg1$ Elcﬁ) §s &}@[ #ﬁ Sgge v%gous sampled

wafers njgg Ha‘vupaamde(% Beiology Vql%?ﬁ eshig an P@@?tab!?t AR oﬁmtalogp Vdecely san acceptable
amount M‘éﬁidtlﬁfchl&:ﬂﬁiderﬁbél Ghal IB€ adsiirked. whds eétlkﬂa&@ttﬁailﬁl&dsahlﬁlefkv@fdfs 81s&Bentain the

metrologg ?1 2§t &l’ﬂere ore, é’ celrt ?evel ’ eln%%iéngenr% y (Qusp? theeftlgnea%{o% megology value
ween ‘vari ous val ues re % I CU

associatefwtith 8 sypprliwasuicerimmrayidad glcf@gu@tS@d Tals b@qﬂé«m@maﬂ totreflgfted by the fact
that the MREQELS - valllS redatifid RPhé teRGred ivhfeld ket (6inGAtANTNE the XaRQC Rvithin an

or 1ot of wafers may conprise wafer # 1 through waf er

#30. Several wafers in the batch may be sel ected for

actual neasurenents. For exanple, wafer #1, wafer #10,

waf er #20, and waf er #3®Fa2dedwfl particul ar | ot may be

sel ected for acquisition of netrol ogy data. As

illustrated in Figure 5A, the netrol ogy neasurenent of
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wafer # 1 may relate to a netrol ogy val ue-A; the
nmetrol ogy neasurenent relating to wafer #10 may result
w0 poomes2861 ogy val ue-B; a netrol ogy neasur enent PCEUS10061¢32744

1 adc@ﬁfhﬁlﬁxﬁg@ﬁ% IR By hek Byl |at rel'at'ﬁreﬁﬂﬁghoelnﬁagﬁ’t of 3bdRerce m@NHe associated with

nmeasur g to wafer #30 may result
aSSlgnmgﬁ‘ Fﬁﬁtf"?%% ure"éef“uva“f)m‘f%%éélgata poi nts may be used to

establish or calculate a linear relationship between
tFiperen®q rdopictg yyetreastisr aiveimdtise @fbﬂhlbdﬂ Gel‘a‘tﬂ)ﬁlih@u Set\ﬁ&ﬁeﬁxéasdr&l metrology
measurerngrﬁs Rﬁgmlegrwakegt AsTﬁqsl?aterdQJl %ﬁrg @é ﬁYVa?u%Js Ql gn%&sec}]upon the

previ ousl known behavi or “an riati on
actual mgggtyred yalugs Pfa"é"lf“é PLivefeg e Prferiihgndy wifen 20 e d’é‘f‘ﬁdlo(ﬁéﬁeéhe modeling
unit 330 @Y eprokRlatiliedehatior Jf e pPEGdigacsy suolk thhtliie abpré}@adted metrology measurement
may be sruF%ta%Iizhl? nosﬁggtpnt folr @%t paréo?g% t? ?ﬁig% 2 r eaInJ%? ‘l.igerrf?nc‘iui)_n mag%e generated In other
words, léﬂafwlrravkwwmaplp&ymf@rmaﬁ AU UER, bebaior of hpafoesssing ool and other
factors nialy B&#setd mdfiel bripebdiet 4l Gévermm@éq)lent {vh¥er® Ex@}ezflso\wg'séﬁ the Int:\ﬁ)logy value-A.

nmet r ol ogy measurenents (i.e., value-A B, C D, E)

|d USt |n F| ure 5A—5D may correlate to a | ot o

6 izt t s mF ct g}fi%be eAd’Eﬁtefi Itcbkﬁéq tp?xnet{o}?g)g/@fasgmh@}ue of C since it

is relativglyt @qsﬂat sameledawhf@d?lnewmch v eciudllyusdasuadli aod s/asafotind to contain metrology
measuregl&ﬁ Gf\}aﬂt': t:O @ﬁmw Akt %ﬂ%&%ﬁm;@a 1 Do ﬁétﬁ)ﬁ)g?glmsyd'ement value

i ndivid #glons of artlcu ar I NSt
sinc 4 a1 P PGV ) o GRSy ST e Her (b e vl of h
relatlonshia dbwtraetiritigurd 3C Bay, be\ohlowar-vAine, Bs comparkd to E)e codfldensé lead eFigure 5B or
of Flguré 9A E:\Mgégr ?ovi%An‘gg ey r&ﬁlr&tgsﬁxg?t ﬁ%\}r 5@11%&%{19 1 cc# éﬁ Iitlly %%wg% vzilue based

1 on
upon the@%al FEFEFan @GfP‘?Yé“el“Fl?ﬁead?qu erndidanesighup pring art@féqdrtathe @pprfimation of

metrologlyvgluth ©f bAsanipiliv@feBQY val ues relating to a non-sanpled

wafer (e.g., wafer- #15) may be readlly appr oxi mat ed

sin the cal illustration of Figure 5A. For

Rafipre  FE™h R SxmsPei i Ly Bbre A vates nd
actual metptogyninergyremeat ies iEdepisteil. cFhenmuylifger carys iligstwedld in@ignef5Ormay be modeled

or predu‘#elzlEhsmé:> @S LieROE IR o@@@i}ely #ﬁ' %s&tng‘@@fn@tfold%} %1&@[ tr%ﬁ&réd%lge of wafer
ount the fact that the metro eg%% val ue- E,

#10 rosBg e lee AFRE: SREFUTY 1N ) R B Apiglosy value s and a
measured @ih@tof wafert #30 wadlény i 4 metrdogyivhiad Dy As @inftiarra ircfguie s, (alnﬁgynear curve
may be YléUGfdge% da?eld %blp Be tvgn&)lg @:ﬁ{orsn QLQ{}] %nggd %ﬁe@r ﬁtlomge o% tool behavior,

rea roxi mat ed usi ng ustrative
historica} ‘E‘Faafof’%ﬁ‘?é%‘;aﬁ #ndpheciked This ey lgﬁ%réd@a&nshmsmqum@? P pgigpatphmetrology
value-E fot gjel ﬁ(ﬁ‘l-sﬁﬁ;ledaﬁuﬁr her Al emhﬁmy offixielogyOvalue-&Infayl baiskdefated with the non-
sampled q'giferl #H? 2%%3 nt{)1 fe aalg tﬁag]a gcﬁl b re?aglﬁt}sls\ﬁﬁgv]gg u?slegdt t:o %P%lg’;%{sng{gg% gsgrlrnz%g Xxetrology
values aqsmateéfwﬁhﬂprémgasur?ﬁa\yafg@ ﬂ@@g@ﬂd@me el T bereefativslolgyyer than the confidence

level assé&[ﬂeﬂ LKFit0 AR AoSe 1ir@dr aélzitia@hﬁaﬂpféﬁxﬁeﬁ lin Figures\waf a@xﬂ 5# 1@here‘f@é @ﬁy post-process
NncCi

analysis ma¥ takﬁ 1n% accourﬁ the a’&mimt nﬁx"ﬁ’%%eﬁc R gténﬁttggf valueﬁ ra%saéé)it%df, W]ﬁ'hxg)a measured
wafers. mar gi n of tol erance. Therefore, an estimated val ue
(value-A) may be assigned to a particular a

691[1}1 &Elﬁﬁary\@é‘laﬁgnshlﬁéjﬁgnﬁﬁ uY‘ﬁE&Es ﬁg'éj tléI :H&&@hnl‘é%{t gﬂ)smay readily

Ied wafers may have provid trology va
provide fpird it ateeptin |n§tr?1%ﬁ¥g‘@1u69r a%tﬂ% Vil yrov Bpasg ediponapled wafers.
Those skilled @pheadal veousimppradiatothat Sthait delationdds n29Q Bé foelRIAGRI MBJIfiddQs newer data is
received ﬁ>§ %#g;?ﬁnat Z&rt{gl?%}}o\{;g%sl fgrglo{x gl@&l:s (9 xzﬁ%’ s? n?ci a/eg r’eﬁ‘ll\agg Vgllré 3 t!% %%t and scope
Ofthepqu%‘@’é}’en@ﬂ“ confidence may exi st “for the estimation of
metrol ogy val ue associated wth the exenplary

T@hiad ARNS hﬂgﬂe B, racﬁ(){vgﬁg déplibuEd & 'ﬁfe%tegkassoggécﬁwxﬁxcé%e'ﬂg@chcz@cordance with

act the nmetrol ogy val ue
oG SR P BB PN MRS e PAPP. BePHLE 0 oy procs
around the value A witRmE§9&RS cici t | 1 1i r ii i °

| Therefore, a relatively high amount of confidence
may be associated with assigning the netrol ogy
neasur enent val ue-A to wafer #15. Figure 5C depicts
yet another illustrative graphical relationship

bet ween neasured netrol ogy
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nmeasur enents and sanpled wafers. As illustrated in
Figure 5C, a range of values may change based upon the
wa@edogab2seeasur ed val ues of wafer #1, wafer #10PCTHEHSMN6/032744

‘Sefib$ &ﬁ%{%qs i ﬁ%}iﬁﬁ@f Bt #Bk 6160 ‘Exéi‘npl?a%@r&:@ss& erfdril&y onttﬂg Qvam%%gl iddRlde, but is

r oxi ma beha |or f
ot € Fn PR o CEh A Che AGVRFRRY atPoReet Glighmecharc
planarizatioa CIMR) raen t Baseyrpdashisprbstsaptineablbyy daensy 54 @atired @rselbdugtwafers (block
620). TR&GE éeggte@\fvaféré %amﬁwagr@ fn@y beaseﬁ&&%aéeh E]%nfsﬁ'ﬂé‘gk ppéaetém%e&)ﬁans For

generated. I n _other wor s it wafer resul In
examplen’é‘t ¥45§ Bgﬂ‘/"’e}?@ Adieas FRefposip Felfé‘%‘l" “R“OIB@’h‘ﬁWFSoW" ‘B‘fas‘t“ﬁ‘emd n°“'meas“fed
wafers, pafacRpaticulir ih@okls gipd aodvhe fifth ettty baglebial fosadsulemei® d@iditionally,

as procegsrcogcﬁt%% &xhngte Q@ES Iﬁﬁﬁgﬁé)ﬂesuﬁﬁgélﬁﬂyﬂ?tsﬁu%gy%ﬁé %rgﬁ%m{:}neﬁ Peve s, additional

wafers Wf‘@rsa%ednwr%@e 16t RO B et %PIPQ)?”@Q‘QH sampled metrlogy
values. BEAS ihol meratquvail thsfroldgy dataSa Aedldgl ddtﬁexbﬁﬂslaﬁ bx’d@lss)/ma@'b@ §&fohﬁbd (block

630). T QHBJS? r 210, which va né% asu @ s ]
). € a 0 C 5 n}%ansmn proces! r g y pgrov1 nqe fgr estlmatm 1nge%51gnm% metro gy valies to non

sampled Syafprsy Aflqre detajlect @ﬁcrrmops piete w@m&gp rlas@(v;xnw%pxp@swmra\md dn Figure 7,
and accoipldy@k a@¥ipiBaseent val ue B, since the actually
sanpl ed mafer #20 resulted in netrol ogy neasurenent
| ue-B confidence | evel of the relationshi
\pygariact o PRI eited el SYa O ey ieraanch of the metrology
expansiop @O, elgk reaitidpepraresadsi td Bnpefolned eh the fwafetsguay de Eﬁlglh!ted(ﬂﬁlock 640). In
one embE&ngéHi Gc‘heﬁlﬁtm X‘%}J cﬁt@ eﬂ;ra&&)'ng?océgpﬁlgy lJe p edraﬁlaraegéhgyﬁﬁge% ﬁggrgogned on the

Ure ustrates a constant novi n .
wafers. &pwltﬁfﬁﬁwaw‘waw%@% Tftepey gtransiop w&c@byﬂa Regfprngd after completion of
critical dr @wedternaf probes’ Gepsv aubequdstitéh g)n@l&l%:theﬁl’oieéblrtghf the wafers a post-process

analysis gﬁf Beoﬁ%%teérgs;}lﬁ%e 5 ag({/&%%xma%d HS ogy deﬂonT n%? grocessmg analysis may "~

-now-t o exe

 include gopplating prsplay @Ptaﬁmce%ﬁ EHilp swétav\zeéfﬁmtanr@ meécbstar fe@armlfaemgne parameters,

includin@dtthaibad/opkojddRl metkoR@y di@asur enent val ues is depicted.
The non-linear curve illustrated in Figure 5D may be

del ed or icted ng .t he ne ured val ue of wafe
Fpming oy F%re. n® EYs ﬁt%lafg depifoOtAbe 5T e IPRPE B istology data

expansiog propgaf efblotsd €30 pEEEre 6, nﬁgllusMatqfdetIh@éyagy 3@0ahayeeddtateq model to assign inline
data to n@iﬁﬁﬁﬂ%@g’ u}{xﬁéaHﬁedefafemglggk ﬁ(%oTﬁe%thnk Pgse VQI‘I(HF&&&‘L Bg}{proxunate inline

C, and a neasured val ue of resul ting
andoroffe QWWEWG%W%P B pP Y J4e Ee oK mﬁr*@velaal gpisugd values,
the type nfypredessrveiag peefimed ofrthy whfersckby/minbped sdagpse thatyOmed 8 @cquire actual inline
data, the\éﬁflﬂl&ﬂss‘% tf?ecstaqgti%ﬂ ar?alﬂgg toq}% pg:? @fﬁé’ﬁr o%q}xe a?‘L&ﬂ?%Cqé&%%trglg%edaQ historical

avil or i stori cal
data, otey Hfgasqd; ypgn thyFjodelpolevdl iof @ﬁ}sthabfoaf ‘i‘eé"??slh deyeloesg (el Hre statistical
confiden&Sinky et SebciaRd Fwath (ﬁg:yco\ifaiehtﬁ -r&atfn@ lto tﬂa&ccﬁlﬁﬂy SEMP Eﬁdlaﬁé&ifré{rology data
relating % a nﬁl s§1$ple waferStIIPheterﬁ \ggrgsa ¢ cog} cP xg(¥ may #%%te ctga vy {:lose 1?,] the estimated
metrologv aelﬁe tp hAypoRetivelyalvg fratayould é‘P‘ﬁtbP@r"?é‘Hmﬁi hag e geresgmpled wafer been actually

measured pﬂ{e%hﬁﬁél QorfiderRS Enhm &sdﬂ%&pit@igﬁé?l\/%lﬂ%@sspeﬁﬁxﬁl@@ hsfﬂigeaqtual measured
e conri.de

s i b PR S AR T ol Mot s BT Apaon of B
mvwﬁmmmﬁﬁﬂhe nnre linear relationships provided in Figures
5A and 5B. Therefore, any post-process analysis may

b@éé@uaomh@ stgtg&éamme tﬁémﬁg&ed%t osBRRLd ﬂg@ ?%Exlﬂ%tnlorq hrdoRd wafers

he val ues assocl ate non- neasur e
may be ‘EBECPII"“P% (Hirgk T#e dkiemay dclpde mpdifying fhstrigallyrealgylgedgmetiglogy value based
upon theFdalgulsit@iSstdidsich Ronfldae NOE@ dalRGlation iof thgfﬂb)dﬁﬁ(y mEiﬁﬁt@y layta, the data may be
a351gned por ahglﬁar%%‘i ga.qlg{eg aéet%lﬁa{%4§n eo L stgle é()I may a so nrﬁ tl%%n—sampled wafers

1'Ues associ ure
to mdlcasvatfwé the mepglggipdagggspaciatgd with ﬁhﬁewwa@nphé uﬂa@r &pﬁp‘iﬂ@bl egtingated [fiate and not
other relationships may be formed and nodified as
newer data is received P& ldgfgfoxi mating netrol ogy
val ues for non-neasured wafers, and yet remain within
the spirit and scope
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of the present invention. Turning now to Figure 6, a
flowchart depiction of the steps associated with a
wWOoredonoskssn accordance with an illustrative enbpdi/Ds2vwe/032744

acmélixl%qswm@fo%ﬁ Bita dbfc}Ul@TSb]o g‘éﬁ; gﬁtgﬂﬁ@wnﬁ%%o telgrhctgﬁ@ n%lxs@g@ Lifa to indicate
ot el S S PRAGESS SR AOE N TB0) 2 PSR! by of pes of

softwareriggs of Hardivere thgt lmowmto depokilled i the prt,deemeshe mnefictfole posocdigisure. The

system 380 RROLB kb RRALEP ppbyee@@aa foaat&bamvaawr%ﬂa@ viddk 760).
pl anari zation (CWP), etc. Based upon this pr oceSS| ng,
netrol ogy data may be acquired on selected wafers
Uhligrachamyydin ééée BEteRIcTERiohaeBPIRey St dan aswcipled wifhgll processed
wafers, maydutgenose&n@w&ie)d uhﬂeﬁ@eédu@m SA I‘cc’ﬁfﬂ@ﬂc@ 1epen efdebe am&a&d with the value

asmgnedgo samﬂle wa erg ased lﬁpon the VQI%% 0 e non-samqu waftlfrs as Well as the %fsomated

conﬁdenmqlgveh @}q_sy%@p @pgy WaYl ‘@rloqﬁ,alpz@p@ lpqiud{ygrppe;t-@@p@? analysxs A more robust
post-probefd @ENS’?A 5 nla® ;ﬁ)SS.tbléﬁl&y Iﬁ‘U\@cﬁﬂg (fatafatssiacd’&&f ﬁﬁ}) all Iﬂ'&iéssgﬁwafers, including non-

sampled (\:vg%xal El‘ﬁeéel);ore, éfﬁaﬁr&pze e eéés n?}e ﬁdl‘lq ag]h rpgsg B%%egs s%agg data 18 st%ll available for
non-samgledymiférs Hrannlysys withichrresiyadiogmdsypraveie tesyltni Henge, Wefors Higt have dropped out of

the prod@deh tideOddalko M@fn%@ar @ﬁﬁéasbl% EaMRLEHing Q) DEQMIVE §robRES stages, scrapping,

accurate reI ati ons s . bet wee d and non sanmpl ed
rework Jrocessig, 86 T (R o ’B%{@é &“Rﬁkﬁ\g}e? E‘F‘I’f ggﬁ’g’ CIFFL £} oﬁcﬁ%s post-process
analysis.d &heapospronetsraod L3 e bk &ase praon Somatatipy oweteday /sty Witk post-process results.

Addltlonglfyr InQFe %an(a%a%%y@g’@ ))e avlhx@le @@tf\frﬁller%gé{ysg%t Hafer B M&hments of the

process may provide for estimating and ass
present IF@F?"SII’@@{S‘%“" F’ﬂ‘@é‘ccf‘@ter?ﬁﬂ%sar?ﬁ P@ﬁ?ﬁ/@iﬁﬁ”& ‘éasedl\‘)ﬁ?“e'g?j%fﬁ‘a‘?nf gegjelopment of
metrologft@&e exppisionfossubdiantidliy alipbeeskdgafersiat a expansi on process
are provided in Figure 7, and acconpanylng description
sition: of

?Eﬁ %rmtcxglgg %lé%h? gy hlla Hr S€ t‘hmven 1on can ge xm gta;{ a agleAld%ng% I;r(glcess Cana;olr :

erfor man A" et 16
(APC) Frasngwerksisuh app Getelys systemfom)elrbmfﬁrqd@y Mﬁésme dnot Fhpatalyst system uses
Semicon@Rfof FaiBHenP And MA@ ﬁfte?naﬂ&’hél bszmp [ S cim(egktap Kaf A uring (CIM)

| n one enbodi nent , 0 at a
rramensgl S EREEY R IBREF LR CHPY B T AP GEBGE P! (APO) Framovork
CIM (SE)MErBOO6REd Bypvitidnel Spedifentipn f¢rrCIMrFr@ttetweﬂ<rXMname\r@mw) Al C (SEMI

E93-099% hﬁroﬂﬁ&ﬂa@ﬂp@c@ﬁca@?ﬁ@?@ﬂd?‘%&&% AI9anPRYr R &s @@Jufopcﬁqunea{s gp%aﬁcauons
1Tl Ca process St

redet er m ned
are publigly n@%‘a‘ﬁ%ﬁ?m 3’6M§ o518 frfg“ef"ﬁ*s 90t e p?fgfo’af frqm & %ﬁﬂéwglemem the
control sgatgpySiugiprbe tegsesanabengors Imaymelmmbpdinénty tie PO Siamgwdrinen be a factory-
wide sof@sﬁ;elé?slten@ ﬁlgllef%Fe, fie Edn{}ﬁtsgzgegg? Ia{-lé% ngt){e H@SEI@ 1invi JP:]Qn can be apphed to virtually

post - processi ng anal y I icl ude corre
any of thﬁ &rtisoetneRr HySEEEes heditiry Hoor. serP&sﬁa&@wrb ?IFPa%lEWéS for remote
access aryll iintloring bEthe pro@ss@rfbrinéidk. aFurth&rnbia G)ypﬁﬁz’iﬁmheem framework, data storage

can be rrllop Jog\%in&g 1%&‘% H@Eﬂea n&y IQ% ereQ&Jl\%Cﬂ;ag goc?iec{rilv O[%X A.gétﬁ%mewor allows for

I ng now nor e I ction
more sonéiﬁfeca@@ @besef copfEql P‘?ﬁf‘“ﬁ? ﬁgw‘fl#ﬁé 2 fgtiienegyud aﬁfaxxétﬁ}yamm@a the necessary
softwarepsd@cess of bl ock 630 of Figure 6, is illustrated. The

system 300 may generate a nodel to assign inline data

0.hon | ed r unnmeasur ed waf ers | ock 710
hﬁ‘&%yrﬂe’ﬁa‘@n;gs%m{? PHAEY t"PéE Py W?fe%b‘ﬁg‘&’ﬁ? FRP &hei ’%ﬁq ?‘i"é“ewmk could
require agmaibay rof gfftfvire nempwednrso (Lo giditida toacompdnadts wighit the ABA -feaempiried computer
script is %tté:ﬁr for eaIlr| gisﬁe Ee@rﬁ(;ogtfugtomynufa&wﬂédt@olsaﬁt/%h 1mg%wtlgﬁsystem When a

val ues, the of process being perfornmed on
Se““°°n4}\$@ff’re‘i‘1§‘“faf‘1ﬁ“é‘g ﬁ?ﬂlrﬂbﬁhe 6?““@%?‘%@ stapiett ma{Peeseﬁécé‘%ﬂ‘“‘t‘?i mpRpfentyrige fab, it
generallya@alisugbn & sriptne irdkateahe etchml tha0 fgprbaiced by thd préda® codt@tlérsdithCalthe overlay
controllelanﬁlle X(ﬁmltr& r!le oE’s araD%%BJr ?Q}g%g‘%nﬁ&itdﬂﬁll% C lﬂler c%gel ment of these

nmetrol ogy data rlca etc as upon i he

nodel , a level of statistical confidence is devel oped

(bl ock 720). The statistical confidence nay be

associated with the confasithddSrelating to the

accuracy of the estimated netrol ogy data relating to a

non-sanpl ed wafer. In other words, the confidence may

relate to how close is the estinmated



metrol ogy value to a hypothetical value that woul d
have been obtai ned had the non-sanpl ed wafer been
W(mm/akjsw nmeasured. The statistical confidencePCHYS1966/032744
el r1§§ @@gnﬁ&ﬂ podtioh %@Jhe aRabphRh SofR&6AOT FEEh, U@ﬁerwmaﬁésqalgm by the

rjor |sto&lcal data, tool state data,
present ‘HY%‘P&F?”C |‘mfﬂ?“b‘°'8 Lol st o SeP e RER BB t or  cal
variation of the processing tools, etc. Based upon the
ShapdrishliaCalbodinend dkeloee aboviife plnﬂ;iamtoelgi # the @BAtIRMEObe modified and

cefat &
i ) A 3 Dy W0 WA B UL AN B e v of e
teachmg@hqr‘a# ri%\lrthsym@ralne dimiaties ardntensedly e\ﬁaﬂawf b%@@tI@WO ﬁesxgh berein shown,

other thaﬁlaak Qttbrite @6 B AdimSbdiowal 1t §omdrérele) erﬁent Waome Ea'@ttcﬁfdll @ﬁbb&fﬁer@g disclosed

above n}a6 %e ert édeocr:trr? 1ﬁre"§ ﬁnglgallgsgyh }ga%%t%hs #1g corts@FrS %R]%ﬁ )e scc;f;ﬁ élgcp spirit of the

inventiom y@P@ﬁiﬂ&!ﬂ @emcmn§@ghtthafgm istapget foshinglervpinesdelppf ers to
indicate that the netrol ogy data associated with the
non- sanpl ed wafer is actually estimted data and notf'
;s erd;;;riibtWj ta (block 750). The system 300
may al so tag actually neasured data to indicate that
nmetrol ogy data associated with those wafers are actua
data. The tag may include a variety of types of
software tags or hardware tags known to those skilled
in the art, having the benefit of the present
di scl osure. The system 300 nay al so store the actua
and projected data for later retrieval and/or analysis
(block 760). Utilizing the enbodi nents of the present
i nvention, netrology data may be associated with al
processed wafers, including non-sanpled or unneasured
waf ers. A confidence level may be associated with the
val ue assigned to non-sanpl ed wafers. Based upon the
val ue of the non-sanpled wafers, as well as the
associ ated confi dence | evel, the system 300 may
provi de various anal yses, including post-process
anal ysis. A nore robust post-process analysis is nade
possi bl e by providing data associated with al
processed wafers, including nonsanpl ed wafers.
Therefore, if a sanpled wafer is not avail able at the
post - process stage, data is still available for
non- sanpl ed wafers for analysis with correspondi ng
post-process results. Hence, wafers that have dropped
out of the production line due to any nunber of
reasons {e.g., re-routing to alternative processing
st ages, scrapping, rework processing, etc.,) nmay not
significantly inpair the ability to performefficient
and accurate post-process analysis. The post process
anal ysis may be based upon correl ating netrol ogy data
Wi th post-process results. Additionally, nore
hi storical data may now be avail able for further
analysis at a later tinme. Enbodi nents of the present
i nvention provide for nore accurate anal ysis of
process results based upon the efficient devel opnent
of nmetrol ogy data expansion for substantially al
processed wafers. The principles taught by the present
i nvention can be inplenented in an Advanced Process
Control (APC) Framework, such as a Catal yst system
fornmerly offered by KXA Tencor, Inc. The Catal yst
system uses Sem conductor Equi pnment and Materials
International (SEM) Conputer I|Integrated Manufacturing
(CM Franework conpliant systemtechnol ogies, and is
based on the Advanced PPse&sd1&ontrol (APC) Franmework.
CIM (SEM E81-0699 - Provisional Specification for CIM
Framewor k Domai n Architecture) and APC (SEM E93-0999
- Provisional Specification for CIM Framework Advanced
Process Control Conponent) specifications
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are publicly available from SEM. The APC framework is
a preferred platformfromwhich to inplenent the
W@ 0sds6st rat egy taught by the present i nventPONUS1006/032744
sone enbodi ments, the APC feraapu®rk can b e a
factoryw de software system therefore, the contro

SWHAT 8CledMERuUght by the present invention can be

pllqgn$$by&ﬁ%&§,ly any of the sem conductor
manuf act urin the factory floor. The APC

FPSHRErR ] @?5“’5’?1’ i‘.i\??rs‘d?tlﬁ‘ﬁ t°r"‘<_fi’ﬁ§t"’érk%tﬁ‘i‘?ea§§ and nonitoring
abprbtimatipy acedegyplk fcoramindity toFlsetdné atkpiee Hayed Wipdnl saidi nit@rology data
the ARG, L ABWOEK:, B HRLRYS
convenlgh%%n%bre q@ % % and nggwgﬁggﬁéﬁdma“ﬁmmgmSMdswmm
| ocal tAHPiFESs. The APC framework allows for more
sophi sticated types of control because it prOV|des a

i gni f Nt it |t|n
% Gos iF BRhoRFRnl:. Blo LA g bl P iR
strategy taught by the present invention onto the APC

f3r aMeVIOE knetB QLUf lat el Whdr€n RcdiEBIne 8dta BRIl MBER first workpiece comprises

recetvm% mgtpo?% sza relatlmg; ad d?ctgslrs %grgo:,n}?e § pclmalmngrs{ ‘f’%ﬁle‘%’g:‘ n e;gﬁ QfPC

t he sem conductor manufacturing tools involved in the

Qtont r Oﬂhe Sﬂéﬁ;b&m cIer) ve S8 %&Qﬂrgéiﬁé Qfetr&[@é}%a@%h‘ésb&gmg to a second
int con rol systemis started in

oz epeih HOTHRT U PhY 2PEE™ PiogEn at s fyjst g spegnd workpieces
and an mlpedataavasxereilaptlg tb epid mockssat e the action that is required

by the process controller, such as the overlay

controller. The control methods are generally defined

and performed in these scripts. The devel opment of

~__ _tshese'The biethpd ofjclajm-},rflifhed compridingi perfpmint ia Glatistifal bkalysis for ‘determining 2
lovel °f€°§H‘%L1&Q%QE 10Qid Brofe QR ifudk asty St em The princi pl es taught

he present I nvention can be inplenented into other
types of manufacturing frameworks. The particul ar
&rb 0 i T FrieSodlbfScdisd S SfilrtiRh mh@naﬁ@parﬂow ﬁo&tﬂrc\é%s @ﬁut;w,s r@&ing to said
f [ d
irst andg%lf ?eé{meiﬁ? 19{% ll):[a? ug%l actuql gro?o . ;gra %{B sal ?fte&% me{rﬁlo? data.
skilled in the art havrng the beneflt of the teachings
herein. Furthernore, no limtations are intended to
oS8l ST L P R oG B PSR i o
workpie¢epoppdisoy esing @ leebbprte of baad toplisatepdarat dncinling meesrisd ditmeritistorical metrology

data, and 'aSt&Jl Oﬁﬁ&e%@@\f& HEMinD & rﬁlat‘oﬁfhﬁydbe%eeﬁﬁgéegér&%f and s@bdd workplece and
var ations are consi de thin the scope and
prOJectecilﬁ.r rf,e

dpag a“t’gntgpﬁoﬁe@sé'ﬁto iﬁ‘ﬁl SRR ‘6?]61‘%@ y, the protection
sought herein is as set forth in the clains

Qel OWTQ:-'%eM@ WImJ ‘lS Q‘t}ét Mﬁ%nsﬂt;fr aélgm?lg rﬁogg aSsQJI&?Jd' @fﬂp gaxd second

recei ving_ measured netrol o a relating first
workpieqrdpdigging SEd Pristied P PIo8 %t’rlrrgaswertr%%atéggfo%‘roa@m
corresponding to a second morkplece based upon said

@Et rol osg&en(éﬁ)} ?re\é(ﬂéggota{arp%regigtaﬁ&l a oglgtgds&l hvl\Bﬁ ‘éa%pi%ﬁ %or 1(efes

provi pro ata T el ati ng

CHARAGZERIZE %Hhkplece 2. The method of claim 1, further

the systefiORRPrisgNg processi ng a subsequent workpi ece. 3. The

h f aim1l, wherein receiving inline data

gg&?@&ﬁgw?%mgﬁ d first workpiece conprises receivVving
Rrenstrelog ipolddt @ tp e¢aaird mejrolagy datp Miomess sampler wankpiredl frop orid plurality of
sai d fuofkplecewor kpi ece. 4. The nethod of claiml,
wher ei n approxi mati ng netrol ogy data corresponding to
a second
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wor kpi ece conprises nodeling a relationship relating
to a process perfornmed on said first and second
wowrRpswees and an inline data val ue rel ati ng PCI/B820d6/032744

AR NG KM@ . ﬁppT@ﬁnd@@oh@Qorﬂfng Gﬂe&blﬂgy dafalE1ktHE Fro OB 08 inBPsampled
T cal anaj%§ s for deter

perfiorm’n
P cvel MBS APR AR RS bR s Hob BERich T e o s
dat a. saGpled Werkpiest bradovisie a plométed I!Letrolfogbrftahe r conprising

perform ng post-process analysis relating to said

first and said second wor eces on. ac

ot 1 of GUPHRA IR0 OB SO EPOHEE PO b e excutd by
a computdityeerfomets b odthod, cedpasing: 4, wherei n approxi mating netrol ogy

Q@éﬁagql%sru &g@aiaggqaé gxa&@tgaﬁm&em&apl ece conprises

usi ng east one of sald tool state data, an inline

?’P@%?éw%‘t& TEEAPIREY SatthfORPBPIdEE | Arstepns) KPIcaR Pased upAp Saif %‘fﬂ‘ogy data

vari afetaengdtatsad fint worbget kagroaderagirgtdted mshrbipgybdatawei@ing to said second

procegsing.of said second workpi ece and projected

inline data relating to processing of said second

wor kpi ece. 8. The nethod of claim1, further

conprising assigning a tag associated with said second

wor kpi ece indicating said projected netrol ogy data

bei ng associ ated said second workpiece. 9. A system

for providing data representation associated with

non- sanpl ed wor kpi eces, CHARACTERI ZED in that, the

system conprising: a plurality of workpieces; a

metrol ogy tool (440) to acquire netrol ogy data froma

sanpl e workpiece fromsaid plurality of workpieces;i;

“jj rplld | ) Ifc i.fed)proxi mte correspondi ng

metrol ogy data relating to at |east one non-sanpled
~workpiece fromsaid plurality of workpieces based upon

said netrology data relating to said sanpl ed workpi ece

to provide a projected netrol ogy data. 10. A conputer

readabl e program storage devi ce encoded with

i nstructions that, when executed by a conputer,

perforns a nmethod, conprising: receiving neasured

netrol ogy data relating to a first workpiece; and

approxi mating netrol ogy data corresponding to a second

wor kpi ece based upon said netrology data relating to

said first workpiece to provide a projected netrol ogy

data relating to said second workpi ece.

Page 14 of 15



