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METHOD AND SYSTEM FOR DYNAM CALLY ADJUSTI NG METROLOGY
SAMPLI NG BASED UPON AVAI LABLEMETROLOGY CAPACI TY

WO BRGHUB4EAL FI ELD This i nvention rel at es geneprairiug2a06/022424
an industrial process, and, nore particularly, to

" Caﬁfit?%%tﬁ%%@fﬁ%:%@ﬁ%?@ﬁ:ﬁﬁiﬁ%

the present applicatio 0S€e SKi ed m t he rel evant

ar tThW“I"T““EI‘hfd‘é@%%ea"’r‘iﬂ‘yt‘%aa‘tmd[“ﬁ‘éal preEsetnd: mogeaticriay: fpaarious methods and
systel @ dynaipdlly @&itstinimdtology sdmpling basedddpon dilible iie@AogdyRdatityi Ng

the manufacture of a variety of different types of

devi ces or workpi eces By way of exanple only, the

background of the appl BAGKGBAUNDIARThe dj scussed in the

co U\tﬁ@ﬁ%tcoﬁﬁletv &Q&ﬁgsof e Qié!;eﬁtr@plﬁﬁﬁﬂ lﬂt[b&ﬂkﬁl@d in Fhe rdM¥ant art will understand that

the pberS%lglél F has lg)rf)ad aﬁphcglon O({ \farle% ofl{néustnes voﬁzalgglmo nilanlile.Ji;Ct‘luée dol} a variety of

nven e consi ere
diffetegt typseofglatiges wi wérkmiectsh Syseatiot exariple pwy. threhackRmetdnf ithagpplication will be

discusded S thE Yonldre Bievah§us PrébRis te@c@ﬁnt&é‘d' i Qhe%ztnma&urg Q@ integrated circuit devices.
sem conduct.or | ndustr é to |

cr

HOWFVé],‘ tléeb}i)rFslexttynvgﬁt&m 1 [n%tut ﬁ)ﬁ lj{msgfraf ﬁst gr&te ttggl fn}l%}/nﬂem the semiconductor

mang@wriceigdusey. g , i croprocessors, nenory devices, and

t he like This drive is fueled by consuner demands for

er quality conmputers and el ectronic devices that
opant s hapent PR AR PABT THESE e piia ity an
throdgb;m&‘ofr iesgrhttdedrcnindaicesppt.l mig@brotasyprsomenen tlevices, tiliethe like. This drive is
fuele%? wnéhﬁ‘ey«{eﬁla&g fo§ ﬁi'ghe?? elﬂlgl';’ Qoﬂuteg%}fd &G&RoniCdebices th fat operate more quickly and

'l "as”in the manufacture o

morg rﬁ&aé'gr ateéﬂdemdé die T e’eascortwe% IPRIPVATET & the ppufacture of semiconductor
devidet, E':H‘g&l B Ogt@s, Ad dielli Briflthey marufcture | di gnttdi@edd@ic@C US/iced int diporating  such
transﬁﬁllu %&9 LcHl lgr %&uc&gshee?la ggxgﬁnug{cm?erogﬁlg: é’tajglrlgn[s%paé/ﬁ Fa(l) Fransistor also
lowegshge etfsaél Oft Hehfrangstat sgvel ascis fosaéﬂ/in@ersted REBH Yot im‘gporatmg such
transStéesh transi stors Cenerally, a set of processing steps

is performed on a | ot of wafers using a variety of

process tools, including photolithography steppers,

et eyl sset fepossing 8ws tsostfymedyal 4 lhifngfersosing 2 variserofratocess tools,
mchﬁﬂ@ oliRb&Q4pRp &eﬂp@t@le&h tdoﬂpdeﬁﬁitla{t 088 pBlQ,Ql|n§ tooltRernld @nneal process tools,

1mplﬂ1§v%n glf)]? ?elées %g}lééa ics g;aféé{%lé %?ﬁlcg% egr{)c:g%es %s éatve at%racted increased
attengenveerethe lyse mvgal yp@s eebsuliinggn jubstantidd Sﬁtﬁamemal Hpedverndesmta ths advances made

in thiFQWE \W@hy otqg‘esﬂ%ctesg tdolRC@haf sy ARCRE PBLGChT & iaSe ﬁﬁf@laoertm&%cwncws In
at are current] r.Ci

of t he ocess tools t
ParticiaL; SP’&%FfreS“ PPLRIR seaf’t %fr?f”%“é?‘i’céﬁs ﬁ% P‘8’§‘°F?F %gﬁgﬁ‘f‘%*u?“fﬂ & the ability to
provgio higorzhl patamttri¢ Gl is a wit-fgendlydokatag wah esttenp logges saldiaie @raphical display

of bJﬁp&hErﬁ) 51’10&%1 %@%pétéri Jnh e pro§e‘s|s‘;rlé p@%m@tggoml elltllrt Hin, t.Qd remote i.e., local site
provi.d orical paranetric data in auser-frlend

and f”B'il‘H‘ﬁ‘te “’3%“0\‘/9&3 | Thse é?f&t‘ff‘“ﬂscf@‘g F?fﬁ“de? adr °Pt‘1“ﬂe°°@tf°éﬁﬁ |°%’§Pl processing

paraglétgPls@y aothrobgipin, z@curarcgntabxptyeoce:s&mmghtp,a:mmh@reapmﬂest &hanical tool

paralggtegg %r?dstlh{' gkepalrhg%xtl ﬁl?y IQ 1f$sg%s§ atslv{xtﬁmrnldpdlspgrﬁgs rnﬁl”EE"'ru% dlsbarltles and

, loca te and nonitorin
ook geipq dFRIFESS B %ﬁm@%gje W&é%ewﬁwhs B |B{°P‘fffa11“a'éfé5 AR RSornce, whereas an ide
monitdting ir@@lagrdkiRE BSEin M@ spa k@B SroviBtiCRcadSoftribhiigl Pistvariability, as well
ceuracy,. S n lity, processing

o pr? %‘?’?ﬁge“r‘eg Slf?re()géglzmécitano?caﬁn{l‘%p m%tgl:rsarret ers, and the |ike

This variability manifests |tself as withmrun

di m@-febl{nlqﬁéﬁor fnigfovin® the bgtratlbrsdp aEdnﬁdoﬁ&ctGMche@iﬂé hﬁeanIuQ&'usmg a factory
at e 0 devi ati ons

wide conn% tstem% f\ut?maitlca‘ﬁa cone'?lftge ratxon vﬂ% vanous process taols The manufacturing

tools communicate thh a manufacturmg framework or a network of processmg modules Each manufacturing
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nmoni toring and di agnostics systemfor such tools would
provide a neans of nonitonng this variability, as well
wa@soopoensixlii ng neans for optim zing control of BPeT/USIA$/022424
parameters One technique for inproving the operation
of a sem conductor processing line includes using a
tool fispgenesplly cpprgetedcig tn caiPRepSInerisce-o Thuiewipment dritrfage is Gortupayld to a machine
interfado© th@tﬁ&ﬁlﬂités%mﬁlﬁméah&ls \b&ﬁ'@dd&hepxhﬁﬁﬁ&&ufg Q891 $nd "€ manufacturing framework.
The ]mag}une %%erElce calg gener%kysbe pr\gatgcgeg \éV}Oﬁeds ?’PB% :?é]tsc% gggﬁ# "l%e APC system
initigies 14 gPrarek scpinit bﬁgtdomn q rsangféﬁlémainp‘%ﬁl avbich eantbe el sofftyrarg program that automatically

retri@QthPdBHkede b 8k kA ﬁmJﬂﬂﬁct&%'pmm Oﬂteﬂt s@ﬁc@ﬁ :rctdr %evwes are staged through
nnec{ed to g e interface.t

R SR e PR TGP i HE T G AFRr g e procesed
semipgderfaa daviges. ng franemork The machi ne interface can
generally be part of an advanced process control (APC)
system The APC system.initiates a control script based
updtiae Rk brcation BRFSYV2H Tents MAY Bk Rlghthpailect byparfpmmerce of the devices
being fabgpai@dn Thiaais, variatioisad thecfabricytion giotesespS miynesull af \aridtioRAE the features that
com].t)rge %%@\H(teeas el {]hgvﬁg &Jé}foh&gcep\ragzﬁl o tt)rg ns‘uch Ts fean1re critical dimensions,

sem conduct or evi ces are stage thr oug
dopipglR\Fisa P Feigatce dpEcls mntawaﬁttopm% ah gy é%@é%ly afj@h@? endipprgprmance of
the dehdi¢ea Viaiduaitobld Gh the@rdcbbeing]lina bie t:t)htrﬁlﬁedﬁﬂ'tﬁcdﬁdaﬂ& 868 Péformance models to reduce

proc&?sglﬁg Ga%‘t%ﬁ c fC%E]IHQIﬁ% L:o%%élle%ois Q&lud?] gl{ogo?"gr %rago EI %t(ﬁ)pg)elg rp%?s%?ng tools, etching

vapous events ace t
t°°15pé’|‘df EPPRiLite doodst E’Iﬁ@roeréwsc@%bmsmocfeawmmplesy Ttrails spiplied to process

contdéBdrd B the EbSlsJ OpéritRg kaalpe bzﬁzﬁﬁekeﬂ;ﬂs@l‘ &C}ﬁ&)‘éssﬁé ﬁﬁ@ af@eylcﬁlﬁﬁbﬂytthe process
contropers giisf a epe%cf)rm‘anréee fo 3 %1 Io§¥ Im t}gg ? 61Pc§npt é(h &ﬁleve post-

of nance Varl
procasmﬁ @alttmseloeer fotai t@aﬁt vahierpe nespibip s Reddens vagatios nethis mawonitesis to increased
throdgBisut, Sdd@RE Est, Ret deGikEpeFOHHhRB1RALI QFRihicB bduate whl dncr8BN profitability.
potentially affect the end perfornance of the device
Various tools in the processing line are controlled in
ac derdanles fuitletyanpas proesvespedormatied gnérgdlybeddioaiepgroeressbghe devices

being/ ﬁ%t’e(@ nFo%{mm & pagtgfﬂgrr rp(Lcles@ ‘fiaysr %aJeQCtL g @mckness Operatmg recipes for
st eppe too s, etching

otolit [
dep°? 159 'eols e a@@‘aé PPlH Ay [3“01“%""}9?‘@%%‘ plled it g dusp, qgrigfion about the target
thickpss t Inpnote ssimply, thetritodl clgyendant af 4 Sasispipdateatbct@e RiaP ELE Sn associated
targe@@aﬁuer @ﬂlel 0$£r§tlng %l‘pgsn)? ﬁo%ﬂ!h§gf&}e{03% !il{ag)l' gt gbﬁs m %r Qlﬂema%ca?l controlled
rocessi ng { are cal culate he proce 3%
t°“@8ﬁ§F&V$£?§”%§§EH“B% t he performance nDdeI and t he
metrol ogy information to attenpt to achleve post

pr %ﬁ%}ﬁif ggoJ glsrh{ldgﬁs 1@&1 t§ %f:(ﬁgrgte Eo%tra agt% sgfgr ch rng gle apserafneﬁ recipe settings

poOsSSI uci ng vari atl on hi's manne
for alfﬁ‘lf?sé éf%’b‘tf“lgr??%&%‘dﬁ%ed op &a@ewr éf@éfprwam gifeloeyisin celiocted related to the
procd@iigl LY HIEPRE s toBlt Mo, fundtion eﬂéctlwtyl, Etbnﬁﬂlﬂlﬁ)ﬁﬁ it bbb ploNEdI GRS %ﬁitrology data
| [. variou r
in a gg‘ngi g%r%nlg}djmgra}e/ ene? F‘mengasnela ol 28?] 1tag 1]4% rt]o Pre( CltJ Ehs (%F%rlg oPeﬁ%wn of the
procegeigel dteantiglsi ng fabrlcated For exanple, a particul ar
process |ayer may have a target t hi ckness QOperati ng
SRS TRER b B B D S R S ocns
perfog@%@gcu{a}qb sp@ﬁ}giethe tepnltgjg dexaos mepts arpetsheificeandhs jis pfahieularly true within
the s&lﬂéoh&ﬂor Hinﬂﬁ&&in@ ﬂﬂus@? whlerdifi ﬁﬂ@'n%tr&(wgyg&;lseangieﬁs%ts af%qged unlre a vast
ve an associ.ated target value The oPeratln reC|p

amouo B e BRI ' e R P WP goepn pertormedin
a progass topteenil/crathd sonpbianta of] theesuitiog votkpieog evithpeodba@ g eitications. To that end, a
tpicA sdrkidoh@etofhnf B NS Fac TN PG Aol a gFeaCRRMSE gLoufEQSOls L)btau‘?inéjs%&dmetrology

enerate control actions for changi ng the opera
data. r’é‘@%b‘é’ %é‘t’$ FhigEucpRipctyf pRnYRcsEias fagity W hﬁvg n%f‘ahtnﬁ'{-ﬂlqgé éPols or stations
based on feedback or feedforward netrol ogy data
collected related to the processing by the process
tool To function effectivel2y, a control nodel nust be
provided with netrology data in a tinely manner and at
a quantity sufficient to maintain its ability to
predict the future operation of the
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process tool it controls Wthin many manufacturing
i ndustries great effort is nmade to insure that
wWEe@eosSung operations are perfornmed accur at el pCHUSIN05/022424
that the resulting device neets target specifications
This is partlcularly true within the sem conduct or
whereayameRCA M iRpy ioPriRigRsa(e Powsmesh Hlusteatiye mastology d@igymaty goluds the thickness of
a pravad 18en s aitisal dine@ndigGesd aifcﬁmﬂ(f&ﬂlbd' o aVﬁ%at@WEntyogf a surface, etc. Some
medZRL GOSN AR pRh Sl ok M Sl E el P sine i gl
uracy o proces {f GiEo! ?’F’érqf’%f?ti?ﬁsd B crical dimension
meaf}\‘%%swkeﬁeﬁ Ofaﬁdm@ioloelh @Obcﬁliﬁp Icqpahi‘t ef ofrfotthieg meBiplethanglogy operations.
Mom&kpkﬁﬁﬁ sWut:chllefoQ dﬂlﬁx&'acﬁﬁ%cfhcfﬂltﬁ ﬂlﬁl}b pRe mIfﬁFlE hals cgﬂggle ofaperformmg the
wmexaﬂ&)yoe conductor manufacturing facility may
& d°Gr®at deal of resources to obtaining such
nmetrol ogy data Typically, a nodern sem conduct or

manyk@etddicRe mﬁxﬂl@a'ctllﬂlrtgyenWohxlnenﬁa}ﬁgtroﬁ@P ¥an§?ﬁ£%8 % ?rx ta%P hed for various

or sta tIO[i],F»Where a vari et of netro
Proci PRGY S T 1 YU 2 Y sk ‘?CBTHS@% URPEE éiarr?awf Priets il 2 e rtcliy of
the paicgkmps®ssof.g.agp¢ eicte geceksay @tid/or cho®I'stable QR prddem&latﬂiﬁs &t in terms of
con@llib@ﬁ}t uﬁﬁse%ﬁ@go%%“ﬁcﬁng %9 0 én?s’ m%trtgo ana IX% r%tes are typically set

surface, etc Sone net tools are
beloB P iy EFEEIN B! A SaTodht Pbpiat r oppies Webcoelegly uilze al
availabl€ metrdlqga | capgltitye MhiisOfayNR Rsdlly @Eedired toVRChagAide ﬁtnbl%{g rates. The baseline
sampmﬁ% FaQaL ng¥ettapngs Fhaft bxifn Rf'e@ils to aflovp &nr L1(e)trro %r)}goog:iﬁ chﬁlaEPC tt(b?ccumulated

r ol O%% operati ons reover
worksinmipeigest ) Ater aecr mowf fegpetivioge toma Ih%vre btea takenglusof saypiertfbren variety of
reasadf, epe FduberhaitgEnind€ a® aEhediRU ljofbbl@@)évnﬂ RS ARHe %tr(ll&y tools etc. For example,
if on§ %ﬁp F?oquﬂ'gﬁa%fe oquootl ape%h: do\é'fsgr\(/)lg mé‘g avag( IB P8€é§ é%YP) would slowly

rates are eSta 'S
acc“ﬁ‘b‘é‘? aI’tqlf‘o‘?‘\%r olpreauseeapiItil thg oytaf-srvicqmptraleayyood s peumekd gsetyjs@ NAL that time,
all foir dfaliel a@4iblOfefoBBY) RHS woRE SRR ﬁlgﬁr &Rt doe RNz Iaté?untll the work-in-

prog% &,{"'Ilf)ﬁ{gﬁ%gs Fh ogess, eq, gate etch processes, and/

€ processoperations are in terns of
controllability In sem conductor manufacturing

en\O E@ﬁﬁ@ 51 msn@ﬁ}ftgé Ve &Rl I very valua
n pro e z Wher eethe éllgirgié)ﬁ(g%ggqso £tQ1 ‘](IMH‘ uﬁ@h ¥ ery valuable

resource A ae u?} gnegglf)%zct?o S IIP 6?1“%1 ﬂ]pqtl}eh nﬁb‘fﬂ“@ e%hﬁq l‘@feépefamphng rates are kept
hlghqg,t nprp Zorghtionggmbé alphiedrmette bévo gy fﬁiﬂlpﬂﬁh tfaﬁlh-tﬂ]is SpdfMg. The additional

metr&l@é?%f@’“at%n bnﬁy behed tro%r ficRy 1d@1§§)¢ s§u&evv1§1glqpe fla r?ﬂlon ¥ac1ﬁty that could be

I ne_ sanp | i rates are set €ss

degrar‘?ﬁ’ﬁly‘ﬁ@ﬁ? °é9‘ié’fh§”iebf°‘§1a’l‘°6wthe metrol ogy tools to
"catch-up" to accunul ated work-i n- progress (WP) after

on@\g g{t%rfﬁgg@?églﬁod;o@g%l?lgstérrg(%lll&?% ug glgtrﬁosgy acéle/p%mglelse {(1 mafntaln sampl‘ing rates at

very Rl 5t etiBah egult 1 peagly, &l eliration 6 Prresisplesy oily Frdismermol pradhesion. When one
or mareinetelloggipols @ kaken ot of pE)@ll’ctuﬁlz(ﬂimh@th rﬁtesQﬁh@ thﬁEanfy 1&&% to reduce the

amou\?\%c?lwleﬁml ?rgggség\g ?%ﬁu‘?&%n 1r1 dle n‘16 V\?g}}ll qv.éeél%su g)'fﬂleéﬁng hﬁmi Hvéen the out-of-
SCW‘WCF?JP@’QSPI( eigeged fa piofluctitrethoiampliyk res pirirg@nadid thot rogyelly high levels.

One proklbm | w8th ﬁlﬁst hiétheidis it Seefq\ﬁkeﬁa p@xtsm{ Rabantdi)Bedu@! the IeQH‘;el)pltlgh baseline

val.l able me woul. d operate at hi
sampB garl]tgsno re% [netrologFI Eoolo IP gérﬁl oPt 8?? %eév (ﬁrﬁnfi |t0 p gally mcrease the sgmphng rates back

to thwlakzeiyﬁpg}b@peégesra(ewmn thpudiaasl metelogye thalcie detdrmed N@ piddctiddN EThis is an
ineffi€iént bxl’c}&sspthﬂ bflq@l% d%etnhm&rh@ru@ Q@M@ro‘ﬂ%? %1 Qﬁgltm NRLRlP &X the authority
e

to adJus§ tlﬁl}ac n,é){ st Sall%lgllngrr%t %l'rug th{hegx'&lhté/le]élh}/g% a;{ls?hnats“%flﬁ&o %{eggg not reduced in a
tlmelbéqslngm evgrkaih-progress {HER)| depvauanyl thagpetraléggsquarce K@pbver, because of the

relatl\tllyglhélr basdkRY ﬁnﬁ)mgQEtgaenllp%ecpxﬂqmp %et%ﬁo%ﬁ %ﬂ dx?ﬁle Eﬁ)ecpg meErchogy tool is
tlon IS Operatln a
e BTG YD P ST RGHo0E (Oudy B & Ytk Bchgh th sccumaed

identify issues withmthe fabpcation facility that
coul d be degrading yield and/ or product performance An
al ternative nethod of addréssing changes in netrol ogy
capacity is to maintain sanpling rates at
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very high levels that result in nearly full
utilization of all netrol ogy tools under nornal
w@emdoetskdon When one or nore netrol ogy tool s aper/usioes022424
out of production, the sanpling rates nay be nmanual ly
| owered to reduce the anobunt of work-in-progress (WP)
wor]ﬁmsa(twl% Gopverssly. ifrthe Feditivaly high lensrbige ddrpgleng ritéyiage not re-established in a

timeSCHBIR, prodiddibn fnkesu i bs @ ﬁ)ﬁﬁ}éloﬁﬁeﬁ%tj [T eTa) VRN aTs) lh(:rﬁgy degc‘atlvely impacting
the Jbﬁrt}’ufo ? pig Igjlptiy ld{) Lp Ipro%ltﬁxgsr wi 11111 5 fﬁlfrﬁggfl &%fygham%y aﬂy%saly(sﬁ?ct production and

Pro‘wttyﬁldt his method is that it requires a person to
nanually reduce the rel atively high baseline sanpling

ratdﬁ%, en a mstr(ﬁrl o%l tool js taken out of service,
and 't 8 TAnUAM 1Y) '] NET L & TrB S Sh et gedp decthe GHlagikoft ape or more of the
probieine set fafthietiove| y hi gh basel i ne rates when the affected
metrology tool is returned to production This is an
i nefficient process that requires dili gent nmoni t ori ng
of metrol ogy tool H3ERIYRE QUTHEINKENTION;S t he
autTho picteyt inentind jisisberdll dirdcR td viatighls Sethad¥Rhd d’i'gexﬁsaftnedym&&ﬁy adjusting
metrl;lt) als]aﬁplfnglbggch Yx&lrbﬁvﬁia?p nﬁ@cﬁ rglylc\?\}%c arani%lon? glu: gitg gesetq&?(gj:ent the method

uced In a tine
°°m%H§?fLﬂ’r‘tY I'dé&gé‘smﬁ“ﬁl%wmﬁaét“tlb'ﬁﬁ dpyedepiad e éetmme e)besphne petess @ampling rate

for apfeast i@ mieblagy apedationNiegimibias SlaildbR lﬁe@mﬁ%y' dﬁ%c{tﬁ%ﬁﬁprowdmg the determined
e affect

avai apacity to the me Odcgzon W
I%Tpxln ﬁ)gyé: ‘t? Sh m?trhl 31% unit h%raxu &e Ingﬁo ogtyﬁ%l}trél ngdetermmes a new

1S re pr

me“P‘P&YtSFféPI‘é&@@é’gseth Gi2 éwn@wa@tablymaméngv edphogty.t 0 wor k

t hrough t he accumJI at edwor k- i n- pr ogress (WP).

Co relative h basel ine sanplin

" atrllﬁelglt’oglrgel}ﬁ%str thf; e_ Eogimg%tf Eh %Xq rlste? Pngl ng %lgtﬁtfog)[%y confrol unit that is
adapistl drideearion 2 tresgling ulﬂetrelpgyapsmplme rato fonelesf onvehdtologgybeifdna determining

avallhhﬁe hﬁﬁdl&g@ dcapztcfﬂ)e r\ﬁt%émn 18] @ter \e/oﬁi; &%ﬁ?ﬂ%ﬁéﬁ] ta{t'aﬂg)le% g«g&@%gl Ja%a¥1ty comprises

dete b|1¥ fl den X({?E '8
IFH faoes, ok m%fg)é 3é|a§;: %lfrfrélé(taviﬂabla A% £9Eared (fe) 2 total number of
mefr@md@dﬁtthav pre|gergtali evajiables eitein aliwe Hein@folbgy t6d1y K€ hs@ihnell @ be completely

1nter&yr%ﬁagsirég%rg\9dm¥tﬁe @Eegtgﬁegrsﬁgallglg?}ﬂ%o E])g% E%g tgtof t%lcrtg%_ @Lﬁg@%ﬂmt wherein

the ﬁeﬁgoqyl\wmhu@\l nbsraegegn?etliom)é FAOPHTE Tats bgs@fl] epomt])e)/determmed available
metr@logy eaagity, td pedoringig ddignkl aatrolagydopsiSdne b ack@dance with the new metrology
sampHygt@i cal |y adj usting netrol ogy sanpling based upon

avai |l abl e netrol ogy capacity In one illustrative

enbodi nment, the nethod conppses providing a netrol ogy

c o ht yetdnotbien hltustfahﬁ:terrb&hrﬂﬂap& @thddofkBilisey J1dvitng@ nRASEIyIcBErol unit that is
one netrolo

adaptg@torcglegrg% §mlné Gxgtr(h %arvgm% aabe| Ilor Qtﬁtast (fns évtr%l%%/aoe?%tvn, determining

Eer ation, det er m ni
available ymEtolagy (FRRIEitYY Hibergiat B siFm el davratﬂtlrabtvellab’et melology capacity comprises

deter@iajpg @i fuynbdr f ﬁr{&&olf@'ttt’)(ﬂi th%)/ar@&[ﬂkﬁt@l avhbik f(y),‘}ﬁffﬁ'lnn)g ahs%emﬁc metrology
{ t {

operaqgl n%qloﬁgayerdg? é t tagsnéu Iﬂog rﬁlg ré}r,n Cf)g S li;aMarﬁ éanegs%lia‘fagﬁgaefor performing the

SPCC‘%’t’ttﬁl°éigypeeaaﬂathltr9n alf ﬁf thnotthdagy itdols st adagttédve perform at least the specific

metro®ig} @ﬁHraﬁﬁBxE]tprovtdh@ tﬁ@&e&ﬂﬁtn&mfablg %H@Sé}vdapakﬂgtOthEq[ 9 9htrol unit,

t:r%[rolo Ii] S adapt ed to determ.ne
F.OlOgY's C°““‘1 HE deﬁ%‘t“@“f WP VAPCOREY fampHRe TsthAtH GBS the determined
avallaébeveaplpgyncap@éx emtrmfongnawmnbxab metraily ropéragys dap@Edaficy ,with the new
metroWBLLBbIMgiie step of determ ning avail abl e netrol ogy
capacity conprises determ ning a nunber of netrol ogy
tools that are currently available as conpared to a
t onalfurthemibestratiyé emttimehtoths métal cﬁmﬁrh&tpr@/ﬁcﬁlggeﬁbﬁﬁlaéyl Jdntrol unit that is
adapt@ViglidbaRli 2 ARG 100
P assumed 10 be g&;}n&oﬂ% y Sa%lnﬁtg{]rgtf c a“?]geé%% eemetrollogt// D%eram't [gtermining
ava“aa'ét"é‘t‘ffﬁ*’%aapa‘i}%. PRt ﬂ]’fet“’rpo?fowf@aﬁaél"tﬂfblt Gnetfﬁegy capacity comprises
metrol ogy control unit, wherein the netrol ogy control
unit determ nes a new rret rol ogy sanpling rate based
upon the determ ned avail abl e metrol ogy capacity, and
perform ng additional netrol ogy operations in
accordance with the new netrol ogy

wherecfn
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sanpling rate In yet another illustrative enbodi nent,

the met hod conprises providing a netrol ogy contr ol
w@niob/0¥t5as i s adapted to determ ne a basel i ne PeEL/US1005§22424

sanpling rate for at |east one netrol ogy operation,

detRtnfi meaas%g 16bYshak AP Laﬂmtfsr%mmmg area%afs%ne m%fogy sbeﬁaaa and at least a
ste ermnln avail abl e mstroo capacl

eresinfeﬁf@@gy FBERHOR ﬁ@ Aierminr U1 Sl 1 @ffmeoaswgerftwat providing the
det@éhed aMailadiRt hefrobyatadpaly) @ the metpdozh eomionghita whqdeC tht | Retrology control unit
det% neso4 RINneRBE; y%gt{l;g g bgsgm{l ng d&&mﬂxe& &F&L %?3?&5 c%famty, wherein, in
trol ogy too are generally aval
detﬁfé‘?“ﬁ‘tsrﬂrﬁ“ﬁ@ meflosy 5@&111?3 retefﬁeserﬂ&néw forfhs sstond retrajgige Prefagion is reduced to
theby fief up B&litivRAl rxﬁﬁuelggy ta@&hrgs f@r @rfadiaigt el af Raspofid MEEBIRY operation, and
perk eﬂ{unas% ar%kllli:]llg 6?15%3!0Fy ?ﬁera (;ng ?‘l agcﬁ%ial{;p ggl‘gt%(!é r?e?v’ me%[)lg%/ I ng rlgg rape

nmetrol ogy control unit, wherein the netrol ogy control

uni t determines mnﬁmsekmh@mmobmrﬁ@s e based

upon the determ ned available nmetrology capacity, and

gg{;tgﬁ :jlglr/]egl na‘nql d Ir}]Jte Itm(F]) ers!ooc{'@y refO ren ?¥0 tgcp %Tlom?% &scnptlotn taan in con]unctlon with

thefaggpoppaying clr#vusas,rlatﬁhlvfehl@ W%@merals tdhlélfhféqe hlerejem:som ps»ésch
provi di ng a nmetrology control unit that is adapt ed to

|dgta jeurg 1 ds ?ar% ?ﬁeed hlo& CHaéé"r; igx?of g%nu lT'%lnl {] I‘ at aecc (?erl(gb\Tlth one illustrative

164y~ op I on, ernirng’
embagtinpen of thy proseptawientipn; wher ei n t he step of determ ni ng
avai | abl e nmetrol ogy capacity conppsesdeterni ning

met r.ol ogy t oo are avail a orm ng the .

ot P hsamied b g GE-ap Bt PF abioy R Satsgiigpes wit one
illustestiveainb glymanpeitigtpresmt infrationj md di f f erent from t he at

| east one metrol ogy operation, providing the

determ ned avaij l abl e nmetrol ogy capac o the o

met FEPEgYS & SAPHEH Tgwideerapyobp Biethod ?few?@% PEERIo%X SFERlipg in accordance
withl prietildtedtied dinbndimerd ofitiBvpreyet inghntgy sanpl i ng rate based

upon the determ ned avail able nmetrol ogy capacity,

wherein, in determ ning the new netrol ogy sanpling

r at &Vhile ' they rigyentivy lﬁa%er?"ak Phgerigesc grgifipEens oing ggjternative  forms,  specific
em&ﬂlﬁﬁeﬁﬂs thelofi haverbedhdBenah by &vaf n’ﬁf@.ﬁaﬁb}ﬁ if maeaa\upgsaﬁwdr& heetadescribed in detail. It
shon}?itbre gIlldo g%ocg g(gv%;érf%art] thg Eiesp %EIO emcm oq ec1§c %rgbodlmeﬁcf% is gcq intended to limit the
mVPPé‘PIi* & té@yar@ﬁy@r &FPSo%IOisq@l %Hﬁ@a F‘Géﬁ@@w}hﬁ Hntgnen {§dgyeover all modifications,
eqd"@teﬁt@'a&gylteﬁﬁﬁmi fa[l@g knathi® tH3RpiEFanPESpRbPHE (Menthn aHdefined by the appended
DRAW NGS The mvention may be understood by reference .
6 the fol | ow ng description taken in conjunction with
t he acconpanyi ng drawi ngs, in which like reference

nuner al s ldentméuE W@Rehﬁﬁem(sou@ﬁdmmquthl gure 1

dia ram

[
s QLR RGP PRI PO LEP At P& "HBUR Rt ol e
of of achhleimplementation i viespititied i, thiFisgpoifiention. | K vall off quprbd be appreciated that in the

deRloReder G AYsRM aatal @mmarneemd glrdkdue gnﬂi’e@nﬂhtgttoln %@E da,saxsss;l@s%e made to
or dance one illustrati nmbodi nent of

achﬁﬁy@@& vel?;ﬁv vexi 6:r§°a1%ﬁlﬁ B calﬂ?l@ncg wit] S)gtegxl ﬁlﬁfq a[nii B\HmFsF bﬁ%ted constraints,
whigh aghamfofm cae implehodatioh tocomiter. oMbrbcwgr eilrtelaggeciagd mpl sidhg development
effdHl ﬂ%ﬁt%dc@&ﬁ% Wdtt&eQ&guﬂuh% W \L(ﬁ‘l‘d‘ ﬁé@erlﬁmggé mgneqrndértglgng for those of

present invention VA he invention I s susceptib
Ordtnéryé%lp ingharthpdnerthebarefit duisgielostict er nat i ve f or ns,

speci fic enbodi nents thereof have been shown by way of

ex anm% pq?sgﬂ’t] n&%fng&ug%vo gesde?cﬂged@gtﬁ %@Jm@é 10 thg §§aﬁ}§ed l't";?'.ﬁes Warious structures,

det al e under st oo owever,
systgms and; dsyipes Are ehempisallyfderisiedan e drawmsoir Prsrescs of explagstion only and so as to
notioBdceB €he Preteft ihventidn wiith @etails that are well known to those skilled in the art. Nevertheless, the

claim
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invention to the particular fornms disclosed, but on
the contrary, the intention is to cover all
wor@shiisat | ons, equi val ents, and alternatives Pel/Us10095/022424

vvithmthe spi rit and scope of the invention as defined
S) FOR CARRYI NG QUT THE

ety e 2ppended. cl gl ' VDK

rF Iu-'c 4,1 {dpsgribe eaﬁ%wfa ystratiye exqmplep gfy e piessnt invention. The
wordy andpbess jukpd cheroig | showld b niiestdo ast Retpreddd t6€ have |atrNeamﬁgocton515tent with the
und@xlsthndfng 3f HéL %/on‘ag an@?hrgs%; H’q{)osé {Eﬁfe(? E%Q:trg'e:vagtq al(kg ﬂ;g?enég tjgxttlgxa of a term or

hr € eC| icafion It cour se Dbe
P Tsﬁahe i"‘ﬁie THion et & %f&ﬁ%hfmr&fheamna%@ﬁ cadaenl menipdi wderstpod by those
skillgd) imekequtSis 1n£§pde6 etetiagilic®by cﬁﬁb&t‘ehif dsa[‘ge dﬁtﬁé t%ﬂnpcﬂ %hrﬁgé %tt,relp eTo the extent that a
; 8LS; , speci f oal s,
mmdﬁlratsé) s WHa&V & hta% &Y m%zp 1 gat 2 Ga aal %)utg% {ggbnéhalt é‘l‘dﬁrt“"é?fi by skilled

as conpliance with s stemre
amsé’&fn%’f‘f 4rnseiel defpifionpyvithbq ¢xprpssly\setffprginin leesmcrﬁp#t@m &ffihi6¢hal manner that
direttly adwoifulocalh proG¥e he spetialdbfiritiol or HORERGI gil6d t hat such

a devel opnent effort m ght be conpl ex and

ti me-consum ng, but woul d neverthel ess be a routine

und@efersne agigueT 1t hejmplifisf biveld diagrany of lai lillustrativet henuiikduring system 10 is

prodﬂc&ﬂl [igthé h'lﬁstrbl@dﬂ @fﬂioﬁmﬁfg ﬁdlg glgr}u?a'ggﬁrlg%égn? 10R& P [eg §oe{;gnc?tﬁ semiconductor

nv
dev1cest gsg %1 t,Pe mnerntéos? 1§/‘1J{:Fcr18ifsas gtn}a& Bet lmp[gglentgiy%f gﬁgcogﬁq@tor fabrication facility,
the puspioneis ngfr w0 lsmhérmt mngyabe applikd o othadmdnnfaétliring dﬁ&%rﬂ@& fIBE techniques

descﬂbHdp@@ﬁSnanb READ BWARE RNodpitfad not abscu
) glai)Vent i on \%ﬂ th B{qe)zlt al lorgrgz}n a%ntugdr € el " el’éamé’?e the present

Sen
tnve “°“t’%6 8 © 1"?""‘Irg‘e”dfl PRELAE 1 he NREpR iR Pl ¥aric [ anteseated itcuit devices,
1nc11gl;ngWuhgg lippteal tp,yaitroptedsstrg) npbe® T detiees ajﬁgital&xgﬂhlékd'dessors application specific

integdrd éduéi; ﬁ@t t i nvent.ion
il R (AR S oME Qe fles | e RERES il IR i Bttt ayatoieces o

manv%t‘g?‘dﬁ %‘E" r{hg RisgratedenpuidsYitRs consi stent with the

under st andi ng of those words and phrases by those

Sk'A l-;é?»dorf( QO En@?coﬁn%!:t? Va@lrc]&s cg&%onmi Sfptﬁe ?ﬁngfagt?rygg%ys}%ﬂg? (ﬁ)lEow?ng them to

term or prase | 1 on
exchaneg ipforpRiion e erf*vtl‘é?mntfmwnﬁw hiiagiidegp RwalineferosB08el Each of the

tools39-80 howie: colglddltedcomButéret a;mvn) fd)rSntérBElﬁ{l\dﬁghct Rk do m?ile' 6% 30-80 are

rase herein

grou?% nﬁ@{éélo?ﬂk% c&)lsua%% teg E ltetteredﬁu xes For e)l(aﬁlpléntbeesat qf gpols é%?:(g: represent

he extent t
‘°°lss°6é6?r§ln %a%‘i?*h‘lj a clhen@cal machmhpln}gnqgtldﬂleoolt Aaartith@ twafer or lot of wafers

progidﬁdﬂhﬁﬁgh(lﬁle byls S&B0 heidl isetn); %ﬁﬁlffactu?&gcvblthaeaapggllhﬁl 80 performing a specific
I n

i on e .express orth
ﬁmctg)g % f)roce SI f\gl r\%v IE%enéplaé%&o?%?stng}éwglfor ?nd‘xqtpéldev(lﬁe rfaé;efapgp environment
1nclugq—]16et{9hé§q(9pl§« cp@gplpt@x)ggp}(y\ptegm:g tidhetodp daiogitiondefls ﬁdlf&}illfgnocfl@ Eapld thermal

annedl i@ 1sf i@ AR lon I’tl]'d[saé\k,e ﬂ@to@fs Bb- @@arg Aludrla QU8 rdnk afld ﬁle lg;% ing fe or illustrative
tive _manufacturin yprf

i3l B S0 BT P Piie PPl P8 ol EhDocteremscd brvey sl order o
SIOURN U‘f‘@ﬁlol?ﬂnbf e sypadcaams b@wees tizcta@t @ich ﬁ@twﬁl&bérb@ﬁig&re meant to represent
conné& Bk %Qﬁkdié%ferO dewd: 91@§1nAlc$Il?19clﬁgrﬁ bEt Een! tl{é\(oops 3b 20 I s

descpbed as it may be inplenented In a sem conduct or

fabrication facility, the invention is not so limted

and meayfadgeing ppkitied system QMEE)rselﬂ‘&mufcﬁﬁbIM b® &re@t@'ﬁi h Qnﬁ%&tra?non of the
manu-frbﬁrlﬁgeg’t}% qlléesT}g:eﬁlﬁg Ispr%ii J(Be&% y th s'c%féJ Ee Iyarlousaentxtles in the

%X é gl eces or nman ure
manu t&wl sten:t hOe(l f)f §>etﬂ(tls }Wéﬁ{dlceqvohﬁy flpye o@mle@yé@anuﬁacmre (e.g., lots of

semicopinetactalfeny) thrdutintht précesselomf aCdatibRe Qf’velal 09 gr&idéa BF stormg date(1:l related to
ut not limt

€S t I S 111 a man aCI rl]‘é:m € pri
th tér!i‘s R ARG Glifics Yhd nFi%é’LfC gxlf & So o%asis g?‘i’ afhegpigsg server 100 may

m cr oprocessors,
store 15‘F°8Pf’é‘§%'6 08 or Figf519pte étt’rFSOlﬁ 0 sB@ ém m@y lrlqittde gre@toeds Gl pestiprb@ss metrology

data, (0ASaES ot pEibritied, ptfatiBENEFRS SetcT B LAGARE SIMRS, ABYrodaS QpeBE" recipes to
one o,arHJ}l; Led 49 &Q‘?Etgdom 5631 grrcogl%nléf ctur eocl) [ atlt%ms ot her an
d 8 VP PP eEPE SR Prsforsd in one or

I ntegrate rcul evi ces
vari ous conponents of the manufacturing system 10,
allowing themto exchange information The illustrative

manuf acturing system 10 inéludes a plurality of tools
30-80 Each of the



10

15

20

25

30

35

40

tools 30-80 may be coupled to a conputer (not shown)

for interfacing with the network 20 The tools 30-80
wae@ogsduped i nto sets of like tools, as denotedr/bg2005/022424

| ettered suffixes For exanple, the set of tools

30A-30C represent tools of a certain type, such as a
mog ottht velk. Ofizolreenihe erntrgileadPanpzianbi rerfortnad lof thesp &unttiogsul [Mutreover, the functions
des%f:@iror & colnpchler(go rﬁﬁ@gpﬁd’eﬁ’orﬂ{e(@w 0§§§r%§bret (JHFH?LH&QS IeE(? é%L)lﬁ the system 10.

- as It 1s being manufactured, Ach 100
30 80 performng a specific functlon in the process
f | ororfone BpthainyenfinQEe&Bkponding détsiled GuscriptiGedid BkdGh @fms of software, or
f | JrQRIBRLs b ral o
algc?%m{ls §hd's (hl? %pﬁggllgag ¥! g Q) ?eppesré %Lt&'%ﬁ W‘:tfnl:- %uter memory. These
desefipiens i remeselmoss areptbfr w@hbm‘@“thdhﬂsgof ardipsrycekiliie phengtt effectively convey the
sub@itiee¥ thetrG@HSo oﬂhﬂ‘pbf&ﬁﬁlﬁfyl s@ill id lﬁ@irﬁ Aneﬂlgént_ﬂﬂeasttﬂé(&irﬁ is3{ded3ere, and as it is
ran

useg‘ ﬁneraliylr 15 tchgzgvegig? {beoassgf consJﬂen"il feﬁuence (SC Jg?agl n%% ljifdg%rf:d result The steps are

tho:fea@qujrlpg physi¢ah martipydgtiens gf)plggcai-m;yntb:es dfspz&lmgwgh pt aqwssanly these quantities

takd) ¥ Store l)f thl@ﬁ I el&kricll! qu&hgﬂl&chﬁglhlg |c@;ﬁﬁlt: lo¥ beihd) Btored, transferred, combined,
connec

particul ar gr n
cor O BB Pt SRR PR D e e S o common
usageatoheder td thansignmls ey Wis ryaledst dleaymsts, lgtbpls etharbdtres, o] mmB@s, 80thelike.
manuf acturi ng executi on system ( MES) server or

control|er 90 direc g | operatjon of the

nanUfs?fé‘l d e ibrge g*y@ildeﬁi?“fcsﬂfgaé of pihese %?esim%btewwf% AT tegpeiated with the
apptdpaats]thasm_aSqL@ﬁtltltd‘Md wanmeoly somertidnt lated applied foghese quantities. Unless specifically
statg@%&@fgé LUr a9 Js §M3§1§3§(Wr&xp tl{eldls%ussmll Qs ch(ﬂozls p?bgesﬁl%) (Qn‘gomputmg or

control the flow of articles of manufacture (eg
“cafgplatingnprc &ﬁ‘&‘ﬂ?ﬁ“@r hatBlREre’t B isude ‘Fﬁ%t"ptf‘eo%“@%“sa"fjlpé‘?ﬁifsﬁs °f a computer
sys@af @Bagier Setrotid cotp@ling Sevire,alt dﬁiﬂplﬂzﬁkfs asd mernsm@s daxh eepresented as physical,

A s AL 1. ..

ele&r%!u@%uﬁgnsnteég &l%g%% % %%t o gsfter& bﬁ%lé’t%% %ngg%smg{\]e{s ul:té ($Eler aﬂgmmllarly represented
as phatiephaueatitise PR the GOmRHEY Syssfeé’r’ée‘?‘)l‘ffso‘?frf&&‘%teéwrl 9thepfigh gformation storage,
trafSBisSondabiplyidoni®s 110 The data may include pre-process

and post-process netrol ogy data, tool states, | ot

priorities, operating recipes, etc The controller 90

may Thd mavufaetening disteaper e irrdpdeseicigiielosy epntselamip 2 ergputingoén an illustrative

wolkfifioh @50l Srnél @Rtk dtde® doritrbl dﬁhgm&ﬁy 8e REd 16 QEABNEribR areuaq@g@u&%%mployed in
co O(PCtl(rna\E’lIBIjrgaé‘lofe c‘r%usriré)lg o?eﬁa%m%egr o(r) gefmam then gunagzglgng%%tgrﬁ gé t&t, rWetrology control
unig}2 mayfcommematef withahe contsollen\i§rapdioreyith dnprer ferp ptofesnentrollers 145 associated

withl @8 @b A& tob9Bo- E(hi%; SuRgatel Qv @éscriHd Hﬁb’}ﬁkég} ﬂ?é Ea‘é}rcﬂiﬁftoﬁ%l models used by
O ne or uters. s e ou e system 1
e BT GHESST FhARPHVES B e Aoh SOBGHRCNG: olie G aegmodels may be

develle®:d rempititadin uangecopmesle kel linear er m@-liofar oliniquesr €lhe ogntrol models may be

rela%l/e%psrlﬁq;tlp %at@ﬂ gas%cy ﬁt’&ls'(@g rlﬁ@arr eé\ﬁ&xgxﬁltal' Qfaghtéafavé?&%ré%)' d?Snore complex
data bits within a conp

m°i‘fé§8‘ih| By wHe! sFeerk é‘iBi’eés%’ﬁf‘%ﬁl |°8?P§“"£P é“a{yﬂé (P&f‘é@"ﬂi) Piat fast squares
profettos @o Bfentostrddturesr PLSkmddkl. | Thetsheeifiarimplafdn@tdni afeheycoadil\n@yels may vary
dep%xnlgllg i %%G&ﬁg %t;hn‘qnc%lsglec% Kd {hQ pr‘%e@e{{eﬁlg antrgl{egl yyich s%lealon and develop-

orit termis use
mey e ghe Waulﬁscomol rngdeéfsw dg*éen%lfhaﬂ 1h9 abllﬂg oé Srfcedi ydigpry ilpis the art, and
accordiagly, fthe@omidl BbRNR areSGdLAEE i0freafct 84281 HeRMdbrtGrifyQndto avoid obscuring the

instgrg%livgng?n result. The steps are those requiring physical
‘ mani p

ations of physical quantities. Usually, though

not necessanly, these quantities take the form of

Opt N5 %xemﬁﬂrﬁﬁﬁiﬁﬂnﬁﬁﬁn, e)@lianfﬂi@ﬂebﬂoé‘esﬁ cgnaall ﬁaxﬁe@@ﬂ(bklﬁia&tf for use in the
manu?aﬁtugn\/%l egrrr?}g% is'a e}gd?ae aedrfer?c’eﬁ(t%ntrol E/%QC f{élrél%oe:1 Sléc’rl]ltas n{ay be implemented
usingj thqsgz}taljf:;f- pygletn rj'gﬂnprll/y ¢fEsred g ﬁ@ﬁg:n@f, nggmrpa@ygg;gs,tem wses Semiconductor

refer to these signals as bits, values, elenents,

synbol s, characters, terms, nunbers, or the like It

shoul d be borne in mnd, however, that all of these

and simlar ternms are to be associated with the

appropriate physical quantities and are nerely

convenlent Iabels applled to these quantltles Unless

L L T |
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system or simlar electronic conputing device, that
mani pul ates and transforns data represented as
w@bysioeEhs el ectronic quantities withmthe conpCit/es2005/022424
systenm s registers and nenories into other data
simlarly represented as physical quantities within
Eqyiprent aﬁ‘pﬁta&*iﬂalwg‘ffé%f’% DY sCagputere Fitagraged sMenufagtitiresr (CIM) Framework
corgpliedt syspfrOEdiadlogn asd i© bagethe hﬂm&mmes@ Torol (HpSy m»ﬁework CIM (SEMI

Cc | udes
=8 frjna\@éé? OFI%WI %ay{a?un té@gF exeewé’ i orllréa mo'%c%tﬁcnl“?)l RIS M 91@% E93-0999 -
Proyjisipned tSan}ﬁﬁzfpoxl 50 Gk Freeevak dylyaneeinbroesks Gonitrl C@npwaent) bepecifications are
publiSi@ GvalldbleGRM SEMI, Whith isQRiqiiatt Oih MR 0le®, €I oyed in
connection with manuf act uri ng operations performed in
t he manufacturing system 10. The netrol ogy contro
uni ffhel propragingcandndatii gerege fictibnst dre dswibtted hih@igstHBe @M@/ computers or
wox\MtitiansQﬁ] €ightt 1 Mr@vuﬁrg%ﬁﬁﬁd&%&{c@md%gn?ral]lﬁlfgmﬁg’&%%h% (Slf course, different
m@¥r t he %Pdl + ual tools - @ur poses
S ?%’8&‘ P AR BrepeerR 'B%Yrb(eluéfﬂl Oy deperipg frqmalemsnt and scope of
the ipsterd infygntibthe pr ocess control l ers 145 depend on the type
of tool 30-80 being controlled The control nodels may
e ﬁevelo ped enpirically using commonly known | i near
BYHE P 1S3e%re PretliorieRiaed bieck diagprm pict matrlge systemms0 i eccordance with one
111u$t:@11\atemtycelirl}eneqf e |p$seﬁtqmaﬁtioﬁ nADdsedkhérasl @ﬂeSne(r&ng coxldonlﬁxﬁru is operatively
couﬁgpt‘aqqmﬁz{l@ of n%t)l tt@o(ﬂs Vel ﬁg%luﬁtraglve de)nrboglment our 6%{?1 1ﬁ£puat1ve metrology

such as a neural netwo
tool&,dﬁﬂofﬁle%,nm N 1§-§|a§e sElpeﬂ)calh‘ﬁiG@fted ﬁﬁ)pryewthqpmt nwegliarnes be employed
w1t1’pa‘lﬂjsﬁxhhlhlﬁﬂ$tr bﬂndtlﬂfo@;ﬂtbol§t THéGﬂldthﬁSe fo&loRR)y tHBE @i mI)hferform one or more of a

var1§tg %fe:ﬁr% fof& EO& a (ﬁn? nﬁo@%' onle tL hﬁ)logﬁ{&é ?Al %Tyé)(?f%gal rgﬁ%lo%}i,'c@erahons such

as rﬁﬁaweé& §le B@?kﬁ@s éﬁﬁtp’foéqst @derm@smsg actiliohdigemiod @f el fojpre, measuring the
plana®) bf Obirfick @ilgd RkitHvEy R opﬁ&mﬁrﬁlﬂhlenﬁgeh §nd\4@ ldl:fgctlbi%l WCHJ}I aHgnment etc.

the ability of one of ordinary s he ar't

accordingly, the control nodels are not descrlbed |n

gr eBearetiglegyadybtern 89 aian b¢ emplayedito duipmativallyt sljuav@icontrol metrology sampling
rate@&‘s‘dalbﬁ @@ﬂmnﬁnétﬁQE)atG&l ch;ﬁ(\’l@mlﬂ Qbhe clesCHE MO@t{fgy tools 14 FT(rform generally the

or mat i.on exchan e an rocess contr ol ranewo
s O R b 0 - PR e SEETeER O gy P BIRELDY s mension of
featxel\eten Elevleve the estsold@p rols o arg ARG} cefstrflyresndletely 1ﬁ&ﬁhng35c)lemalyall metrology
operIQt@onb NERYk @Hﬁpﬁe QkhdtS] A8 g;votrma%olgal t(’%ly it an§ e% ?nmrcflcgg? 0 eratxan it is not required

that© E1{g #ArTencor I'n he
ot St B0 et (o e K?éfaébat & (5t @ okEy pasons. The metology
contfoSEM )2 BGorputhe abllitmtoegmainetﬂ sdvilendohsrginhtsl o g r{s@hﬂ\@ samplmg rate plans. For
exarhy @Wa% a ! Inesroc%snd elr
Jl t ﬁ%’% bﬁ@& th§t¥}§tsﬁﬁpl fafr%%\g% %%e ap S o& 1? gme allowed to

dvance rocess Contro
fall E"é’f DEelecedpimiy 7. ; aoﬁ'almugp%'emlws@éﬁqfaﬁ%m@y beQisKbIshedfeveowkical process
operD)®inailn Seﬁl‘l@lhdut:tecﬁlhtm&)tulafgd)p&Eth(, Slichla 5k&2iIARY be applied to a very critical
procBl Ok BbR 0 s IRGE L nép;@ct;sg §i9f CI'M Framework Advanced
Process Contr onen specifications are publicly
avai |l abl e from SEM, which is headquartered in

Mo ufita@bidandt @ity ox@AsﬁEhﬁ)f e QERES inhtiG]) %ed%??gcyt Qhd Enit 12 may employ
| ere

vari Juy n &Jtrt)lo In gé)rl%;‘ng tod<|: St I‘ ',?QHOI?%, operattggs e];gg 6 tlﬁrrbe\t;rpla@/ tools 14 within the

mput er or wor
me“@‘éﬁ’e‘t‘/ #m PG de B’@ﬂ@é%‘ée errhddigemita féﬂit cpmbloalgveithimonergtiqyedgieerein all of the

metr@f)gthGdH &6of aGivkd BpEH 2RI & &Epl@t@lmt’érﬁxgx%ea%ﬁd In that case, when one or
fﬂw LNt q(&gqqgnep may_. be used wi t hout departing
“‘°“f° e CRPTTI T BT 8 OPE (BF MR HESH WS AR OF syt TegAloey sampling
rmeﬁr@dﬂ@ﬂ@“mgmabm®¢emspet&ﬂm@ sinplified bl ock di agram
of a netrology system50 in accR;dance wi th one
iIlustrative enbodtargnt -oRafehe present invention As (1)
shown therein, the netrol ogy’ comVp@l unit 12 is
operatively coupled to a plurality of netrol ogy tools
14 In the illustrative enbodi ment, four such

illustrative netrol ogy 8
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| tools, 14-1, 14-2, 14-3 and 14-n are schematically

depi cted However, the present nvention may be enpl oyed
wowdoh/oarsy3 such nunmber of netrol ogy tools The PCT/US2005/022424

illustrative nmetrology tools 14 may perform one or

nore of a variety of netrol ogy operations For exanple,
wherh) @atapt, repkesgyts theomivsmdivblogy yanpéing Brert wpsratiod O Qytre; .. represents the baseline
meﬁm@gy @itrﬁpgﬂgsrat% lzﬁ(})‘ﬂergt%n Wm,,ﬂr keBszeBtE‘ fhe ;umlngk(ﬂ ?n%t?ol&gy tcﬁ%s 14 currently available,

rocess er, measuring a critical dinmensionh o
ands Mgy {fPrésemﬁé’ﬁé‘iﬁﬂll PrePet Aamaprlapaisely Lbihatregiapiay availgble tmverform metrology
opeﬁﬁsmss Simplytpyt, infthik fitstoigorithm] thptedpenpling sate(reflegts a refuclorlin khe base metrology
& il e wBEBRY oAb ORIR Bt il & T{} 50l ogy
w%% 9 eé eun lﬁ%wgyed to 5h€ona§|cg%? ?égﬁdgi or
control netrology sanpling rates based on avallable

met TOdno@yt ilustedkiveCaadadimény, als&oﬁml@nmses be &xﬁ}ﬁoyeaawtﬂé ﬁawogy system 50.
Usm% !: sSeco]h aféer grﬂm n%%nlg%r}'aclolltx)l ?rht Soﬁ]y C(l)(nm s or c?unpe rrre{rolo%quOIS 14 that can

ness o

- be nfeé@ rausmjlﬁtc W@ﬂ@lﬁgwqperaqlondul‘ﬁemm@ﬁ tigf megrofogaconird, umetl% may only consider

metr)e Y&)ls, 14 Uﬁﬁcaﬂﬁ&ﬂbﬁﬁ &ffiYal Bﬁ@hsﬁ)nlqﬁasﬁ{eﬁed'ﬁ@tln lﬁlﬁ@lﬁﬁ%ﬁg& dm¥bodiment, the new
ete i nt.ercha a I’retro ogy
or SRRPHTEIE ERP T PR B il Byt o et r ol gy

tools 14 and three netrol ogy opeNajigpns, it is not

required that each Bfeihe Wﬁmmeﬁ&orcgy tools 14 can 2
be used for each of the three netr&begy operations The

whEF@tR[zz@, OGN} QQE‘L,L Qle &Rhdd 23 2bA% SR, Av,,@ﬁ retpﬂ?en@bhel ndn¥bert &' metrology tools 14

nstral nt s e resul sar
cwega)yeavér;fg{ﬁ ég = tro %ﬁfﬁraélon (gﬁls%"‘l’ L§Ppgsen B gquLP ¥ gfdt%ols 14 that are
nortrialit avaikable S@mpitrplagy epatatonfiorNoge djatytbn fipr dgreien @periat 1)0ona subset of the

sec)Mdl algoﬂ% (ﬁﬁat@h th“Gﬁﬂ §p9c1;1 @:15& wpe‘?é Q%ﬁ@roﬂgﬁﬁi ﬁtqat'eegallablg]fc;r all metrology

? a mnimum sanpling rate of 75% nmay be
op ﬁbllshed for a critical process 30 operation In

sem conduct or manufacturing operations, such a
C On%tng @e’ngﬂt 0 st%:g)%d Qg&lﬂln?f? t};d{)lt céln%ql%tloqmgluskng) (er E&%%?l drawback with
operation, suc ga e etc rocess o
respgetctey g spsend algprithin isishat s d9se pat allgp %rédﬁsvceeémtw °ﬁ¥/ eﬁplneﬁates at operations
othtrhign Fdtertiak 2¢¥in 601t metoldgi tobl lﬁ%aﬂﬁyov&[mb@){anw If MdSology operation j is not

run%gn%lrv% me l %%[ m;rsse ogd z?lgowi uFﬁe Iljll Og¥ onﬁ)ﬁ%gﬁrtate gtgmetrology operation j

to hmdmﬁ Westy§@eem°%m1w r@ﬁeetrqlqgwsneraavq ive enbodi ment, a

first control algopthn1|s enpl oyed wherein all of t he

nEt Ex} )éeggl?éther 1 sléartlc\:/ %rrgboglgbﬁlevi%ud f%g(fq a?gr?thrfaf ?ns uge tloé/ecp li;y the metrology
sysmﬁé &ping the thrreﬁlg@ltf@g yhetmplsgymntml emtnlétmaly modifr spinpleng (rftesrat metrology

opémaxts%ﬁl%r thaanlﬂ)S@tﬂat ,are%eﬂ?&fﬁé&fy aaﬂlﬂnb‘lﬁéﬁgol @thEthlanzyn ﬁl@%ht'o@ Ervice. This
each | on %/agipgrr det erm ned as

me%c{ g)gy ﬂl([:gws nﬁglfeg nceb% ngetr()lf%y gwﬁtésr glatF%ei_ n aﬁeévgf) relatlvely close to the
basplglp metdegy sanfhes n@wfon'elt mgﬂ'od;gy omtrpiﬂwhg] zfl]atl@rohgy tools 14 are available. In

thlsOrQeQI{o@&bggnthé ﬁrsRﬁépQS toORRratd ﬁpzrggls;ﬁ&t s%mﬁlnxg ralQ@Sﬁllé {9%he sum of all individual
npling rate at O eration I, represents t he

trolo

megﬁ?%é"}mpg%/g rf‘rtéstaFrsté ?‘etfoé‘i?wpeia& Burrently avail able, and

NTot al represents the tot nunmber of netrol ogy tools

14 that are nornaIVVU%MaFI ®eit o perform netrol ogy (3)

operations Sinply put, in‘his first algorithm the
whﬁemtc&ﬁ,ﬂ'p{hé @regaﬁ 18te,/NeiE the BtaBnuanbér@d etol i@ opeRtidnk RloR@S €for metrology tools
14 ggEhE oeg{ﬁz Q%Tainesn gner ﬁ‘;t(c):r%en ocl‘cntul;?g tdlrngﬁmol’rllnr%%/ag‘ulr%maénti fn% %ag, is the baseline
““@hﬁﬁﬁeﬁﬂﬁwpﬂﬁp?atlve enbodi nent, a second al gorithm

may be enpl oyed by t he netrology systen150 USing the

d al ith
Sec ‘Hl] e)a stg Olrs to scal al?reéat,,, values accg%ﬁmé ale%)lf ﬁ%t{o ogyclﬁ)olﬁ) e

consid&f $F ot
used for a speC|f|c netrology operati on For exanpl e,

the nmetrol ogy control unit 12 may only consi der
9
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metrol ogy tools 14 that can performcritical dinension

measurenents In this illustrative enbodi nent, the new
wo@eooadyrsss ed netrol ogy sanpling rate may be depPer/Dbrvesio22424

as follows r n N' Avail abl e Rate, new = Rate, base -

(2) i Total where Rateinew and Rate, i,ase are defined

as above, N Am,iaig4& repLgsgnt s]\fAi'vmzbmunber of

netrology tools 14 cuﬁ?@ﬂtly avdt | abl e for metrol ogy Q)
wmx Qatlog [ g% N, Tolal represents ‘the total number

Y591 1§ defiBedian doves Regesmpperitht YWY HIEP R EPEItY. Hname sttisinggher of available

me‘UMV &blsdth and Nel & thdatl, nuhhﬁ of mtEdlog @Ry mmoﬁlg(ﬂ&@ﬁtﬂaMe available for
that]n)etrblg u @%ﬁtall?ftypte lEL-? gg)gtf ?ljnge%{)logl 0013 tEq g%l:: b|§ uﬁeg to?,:ﬁegorm the same

e specl al " case
metg)?})éy Ppriﬁlfl@ls‘f b e)gppleﬁgequsp@w th E’é‘?“@iu@n@f tl@!’@trbieg)’eiﬁdli if &dveral tools can
perfoineths @010 Reltrddgy Operdtibi)e S filkd it knkds, thed a8 GFRIAL Bblk ABAY b consid
the Si@BLE One potential drawback with respect to t%e considered (o be of

second algorithmis that it does not allowthe
reduction of netrology sanpling rates at operations

ot hmeﬁlh&ﬁpﬁm&eethmnowaﬂg%qﬁaﬂ&l on the netrology tool 14
that is down For exanp i f netrology operation is

not run by a down pei second al gorithm
woul d not al |l ow t he m. h”gwrgéte ’ate?rretrol ogy ®)

mb(gg%%%ugn{tto be reduced in order to free up capacity
i RS "ol ogy operation In yet another illustrative
enbodi ment, a third control »al gorithm nmay be enpl oyed

by the metrol ogy sfefeem.sC DsRag, the third al gorithm 6)
the nmetrology control unit 2 may nodify sanpling
rates at netrol ogy operations ot her than those that

ar nmet r.ol.o 4 that has been
i aQrel I%?%{I L H;FQ alg 4 1\t/h|%'xcrreun ze thegré{_a gglfa ii‘“%l’l qf Mew metrology sampling rates
(Ratgrmi) ﬁrp@ﬁtgﬁesghr@ﬁneﬁ@?&y@arm@yg Ban@hing) ubjte® theratstraifit@f {vailkble metrology

capa@ityg RAEE).v.c. e]l‘h&bénVﬁ'oYthQ'tlﬁr%@neth@dchﬁ? isRRASR LIHOQ/@ fﬁ%lc%cﬁgr $ in metrolo
operatl ons P &Y

[ at
samﬁﬂ%‘glef acgos ul%?le o}?ﬁfn%\ s éo Fslr %?témsi 1/ Mefplesy rarapityed d{o(\_yg\spr solving this
thirdiajgarithm rsgxtuclgq_n@p canputptengygempgi¢xehaathe atiet e A o2ithsa AduksB@above.
rate This is the sumof all individual netrology

ra across all netrology operations N R
[Ftp i. ézpogoe notﬁg%g n hg)a WhELBPIRApcesghgateirae QRhtéro,@)g’glp pygditsa surrogate for
total p'qgtrq:}ogy Ieragtyt Abis isosally npavh estinafe ifid i 1© gidaseR @NAE AfISs does not vary

greathI do%%ggﬂséragglg% f}?g%‘g hn?cgéésé %l?@?f% riicgl%ﬁeéneflt txtmre]:% es v;/r? grea(tlyga modified equation

may helieg Reasu F % FPEFTPoates s trpgrdifferanees.t fpong éi%‘?ﬂatl‘ﬁ’éx@a’#p!hr mgdifiedteguation could
be: at the operation / The next step is to scale the Rate
ol ai val ues according to ayail able netrol ogy tool sR
eAvni abl e Rat eTot aéatef ( 4) ,tngl*m re Rate tow is .
defined as above, Raté& AV |abl 1S the new avail abl e @

d 20 RG LN abie is the nunber of avail able
antne ro%égﬁm?égrs 14, and NTolai is the total nunber of

nmetrol ogy tools 14 that coy.d potentially be avail able
for AL pyuitaie < D Time, * Rate, .. (8)

i=1

where Time; represents the cycle time of a lot at operation i and all other variables are defined as above.
The present invention is generally directed to various methods and systems for dynamically adjusting
metrology sampling based upon available metrology capacity. In one illustrative embodiment, the method
comprises providing a metrology control unit that is adapted to determine a baseline metrology sampling rate

for at least one metrology operation, determining available metrology capacity, and providing the determined
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that nmetrol ogy type Cenerally, type refers to a group
of metrology tools that can be used to performthe

WG 2006/08583 0l ogy operations For exanpl e, irrespeCt/Us®mos622424
the manufacturer of the netrology tools, if several

avatlﬂ)%l r§etr9]@£& ogfa&ftﬂg BEE Hgt?ol(fg? ggr*trrft 1rt gv er% F E‘eﬁt iygorllﬂ-%l unit determines a new

t hi ckness, ose
meté%?% Fad'é’}“égd“f’ B"Sti’élpﬁi’fthft Getsrraipadevailghiemerioley dapaity. st ep is to
sol ve the foll ow ng equatlon N mn (Rate, new - Rate,

e) 21 dndther onstraint teAva |able <
Rat e nev/ %ia%ypén%% lme'i% &Ki he™e h"’lo?lﬁnsgﬁ RO inerfringoloR Y Fontol unit that is
adaft%tos‘ﬁﬁﬁ’?l@ ppaseline Hﬂfé\matsarmhn@fatet foratrienst cmetn’feﬁblﬂgyoperanon determining

avaibRPInetRG gy &E;ﬁ&ty{ Rat&n tﬁke‘é\(): foF Q&E&ﬁ]ﬁn bﬁﬁ Ibiéenrg%trggtg¥ ocapﬁxa};/ comprises

. i.ng subj ect %0t
S b e oL L o) ipas s o

a a|
metyplogy fopls tl@f ar¢ gineraliyravaildblerpthamitall ofjthe hﬁtr(ﬂdﬁﬁttoolstareadsiugl\é@to be completely

mtefcﬁH‘ngé&H&'p&ovfdﬁn@ lﬁﬁtdbtgrﬁﬁle& Qvaﬁﬁﬁerxﬁ)éuglg%rr gargp to egolﬂ%v Gopjrol unit, wherein

erations to a
the %%?oq con \gg a% F@ne's_lawé\\// éﬁxetrolggyl smnp,lgxgtrﬁq: gasgchqlgouj the determined available
metrglog pquqﬁm 4né perfootingratd@ionad mptidlady | p@ialohy/in GEITRIRY Wit A new metrology
samplia@ r4d her two al gorithms di scussed above It shoul d be
noted that, in the above exanple, the aggregate rate
(Rater ot ai ) was used as a surrogate for total
netln gétegpshecitpagive ymbbhinGnt] the tGhoa |c$1ﬁ(pr1§es 91%01@111? §L1E&B?Jg§ cdnfrol unit that is

ada o n 0 a ratg L
dapidag tiétgfﬁu tQ IRARULG R )%: ? oﬁpx%g V\{a fortahéerast %ﬁe g’%@g’é}? \I;meéartlgn determining

[W0])=

0 ano

rom one
avax@r@%l élﬁ%’nfapilclltﬁewlaz&gs tl\9as(tey gfr @g:pplymg availglde fmeacogy capacity comprises
detepxgnieg 2 oumbrRYf Barolbge d)ots h&h‘i aie%ﬁé’nﬂ? ra@a‘ilﬁﬁe foh?éﬁmﬁxhé“i fS]i)emgc metrology

operglorl f.e E&rﬁg&? tO%StOEpK%ﬂlb m tr F)%/?/tgolse {Pfxtlr:%e generﬂlés(t aé(aqabl(: -f()r performing the

equation coul
specyﬁc Fegﬂ&gyt%gat@&n\g}tefem aHtof \mlme@tolptyetnolbae RiubteAri [&kﬂ)lﬁl ﬁleast the specific

metrdlpgyegperhtidr, proviiy ﬁlg)ietmié@ a\;Ellsze’ m&l%ﬂ)%f%a%ﬁ@xt? ¢ 91‘? @1 control unit,

varl a

t er ation i
wher%ﬁxqfe rgs%tro%é)a Q%gc?la mg\?ie er.xinhnés 6{1&@ é‘ﬁf“)lf’ﬁé(\ﬁéfﬁ]fl{né fat§ Based upon the determined

avalla:%th BetEplq 57 cipagigicand cpetfeyming rajdtirdaledraioghs o;ﬁﬁdons ¥ b@bBantOWith the new

metrglygyasmpliad dat¢. adj usti ng netrol ogy sanpling based upon
avai |l abl e netrol ogy capacity In one illustrative
enbodi nent, the nethod conprises providing a netrol ogy
C Ot # Bfthen Alustratisambidinat ptnethod Eongheiice praidigy amb[aﬁgy kd¥Bol unit that is

adaptB® tol &keﬂﬂh{e $ 840k H a asor}g metro
avai é%Pe atr Lon, _det ermi %{I%ty%a{l}g% ?qbﬁ kP Qtsl ol"8 me“%lﬁ%'a???‘%(tif’“ determining
TR0 Oca Iﬁl& & Hvéleralgt T ﬁ‘i%é’élé‘?x‘a*?qmansl @’a!*Pétermtwgwgy capacity comprises

deter@apg_meqr(yogy tootslthet anedvritable Gy pﬁmﬂﬁlﬁg)the MMdadt oL Jpg'gtlon and at least a

seconﬁ%&r@io Ypeedaibd isUditELrext 1£%ca8. DEW et r o
Bo ) dmﬁ; %0 8et? Zr% e dHY'a5 %F jon, providing  the

deterrmnrgpav I M A

B f“g”g&? meRpaRY| PRI é‘i‘?o‘f“ﬁfé}ogli' fdntyed tunigtwhereinghed agkirbiedyt control unit
detentnhgs amey metcblape papipligaste RiseMip6H thQde@ iRl Ea@l'll%)/m&;@fay cgl)acny, wherein, in
deterﬂvbﬁxlné tht H@J métr%logy sampling rate, a sampling rate for the second metrology operation is reduced to
thereby free up additional metrology capacity for performing the at least one metrology operation, and

performing additional metrology operations in accordance with the new metrology sampling rate.

The particular embodiments disclosed above are illustrative only, as the invention may be modified
and practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the
teachings herein. For example, the process steps set forth above may be performed in a different order.
Furthermore, no limitations are intended to the details of construction or design herein shown, other than as

described in the claims below. It is therefore evident that the particular embodiments disclosed above may be

11



adapted to determ ne a baseline netrol ogy sanpling
rate for at | east one netrol ogy operation, determ ning

w@@sloatshe netrol ogy capacity, wherein the stepcDiIS2005/022424
determ ning avail able nmetrol ogy capacity conprises
determ ning a nunber of netrology tools that are

altered ror eppdifipd andasl] siioh earigtons armpeanedpradowithin te gtopp @pdeniritoff the invention.

Acdaﬁtnrggl BPfott AR SudhhRleindf & s eMBkAhd YaidMRIWAbl €, wherein

of the netrology tools are assuned to be

conpletely nt er changeabl e, providing the determ ned
avai | abl e netrol ogy capacity to the netrol ogy contro
unit, wherein the netrology control unit determ nes a
new netrol ogy sanpling rate based upon the determn ned
avai | abl e nmetrol ogy capacity, and perform ng
addi tional netrol ogy operations in accordance with the
new nmetrol ogy sanpling rate In yet another
illustrative enbodi ment, the nethod conprises
providing a netrology control unit that is adapted to
determ ne a baseline netrology sanpling rate for at
| east one netrol ogy operation, determ ning avail abl e
nmetrol ogy capacity, wherein the step of determ ning
avai |l abl e netrol ogy capacity conprises determning a
nunber of netrology tools that are currently avail abl e
for performng a specific netrology operation as
conpared to a total nunmber of netrology tools that are
general ly available for performng the specific
nmetr ol ogy operation, wherein all of the netrol ogy
tools are adapted to performat |east the specific
nmet rol ogy operation, providing the determ ned
avai |l abl e netrol ogy capacity to the netrology contro
unit, wherein the netrology control unit determ nes a
new netrol ogy sanpling rate based upon the determn ned
avai | abl e netrol ogy capacity, and perform ng
addi tional netrol ogy operations in accordance with the
new netrol ogy sanpling rate In a further illustrative
enbodi ment, the nethod conprises providing a netrol ogy
control unit that is adapted to determ ne a baseline
metrol ogy sanpling rate for at |east one netrol ogy
operation, determ ning avail able netrol ogy capacity,
wherein the step of determ ning avail abl e netrol ogy
capacity conprises determ ning netrol ogy tools that
are available for performng the at | east one
nmetrol ogy operation and at | east a second netrol ogy
operation that is different fromthe at | east one
nmet rol ogy operation, providing the determ ned
avai |l abl e netrol ogy capacity to the netrology contro
unit, wherein the netrology control unit determ nes a
new netrol ogy sanpling rate based upon the determn ned
avai |l abl e netrol ogy capacity, wherein, in determ ning
the new netrol ogy sanpling rate, a sanpling rate for
the second netrol ogy operation is reduced to thereby
free up additional netrol ogy capacity for perform ng
the at | east one netrol ogy operation, and perform ng
addi tional netrol ogy operations in accordance with the
new netrol ogy sanpling rate The particul ar enbodi nents
di scl osed above are illustrative only, as the
i nvention may be nodified and practiced in different
but equi val ent manners apparent to those skilled in
the art having the benefit of the teachings herein For
exanpl e, the process steps set forth above may be
performed in a different order Furthernore, no
limtations are intended to the details of
construction or design herlgin shown, other than as



10

15

20

25

30

35

described mthe clains below It is therefore evident

that the particul ar enbodi nents di scl osed above may
wheabbersesl or nodified and all such vari ati onsSP@r/ES2005/022424

considered within the scope and spirit of the

i nvention. Accordingly, the protection sought herein

is as set forth in the cl aSAIM8| ow. CLAI MBS WHAT IS
WHGAIA$ WVEBIMED: A net hod, conpri singproviding a nmetrol ogy

control unit (12) that is adapted to determ ne a

basel ine metrology sanpling rate for at |east one

meth ol ogfyMeipRYy WMPEIE: det er ni ni ng avai | abl e metrol ogy

C apadidinga niclogdrcontiotinit @125 htGh ddﬁftéﬂﬁme&ﬁﬁkn@ftﬁbél@h&ology sampling rate

metrol o to said nmetrology control unit (12)
wher ei n%érg?%%?onte%?ol(@IO%eraqf)r,ol unit (12) determnines a

nevielsBtitieg Bgjiable matpilden epprcity;@nbased upon sai d det er nmi ned

av ’c]jrdv&lb]g&alﬂﬁétérﬁﬁr@@}(vaﬂefbﬁaﬁdtﬁ)ng &péEhﬁ to@ﬁ%@ol@éy Shid [Bltl(lZ) wherein
un| t I S adapted t

wherein sa cont.rol
control s?f p NS %ﬁy cf)mrog%‘/mtrfg{1 ) SEFBYSS 3 Eﬁ?’i ’§e logy Samglmgfﬁ%based upon said
met hod oktemh@dmaﬂablqmplegmalaawh of said netrol ogy
tools (14) are of the sane type. 4 The nethod of claim
vvher g east one netrol ogy operation
cor%prl sede é‘letahf’ 8@?13“6‘ VBFeisUS H}BW’W@@Y&?O‘PPFP‘P“CQ?) is adapted to control a
pluradityrpé prstraozy toele&®uri ng a t hi ckness of a layer, measuring
a surface plananty, neasuring an el ectrical
c %racterl stic, neasuring filmresistivity, neasuring
I’m opt'i"¢ mpthoghof paPe Berenfadal f'ai‘%‘@"trﬁléﬁete‘tli ()i of thpggme type.
measuring overlay alignment. 5 The nethod of claim 1,
f ur4t her "I%Q%J)dsdf Qﬂmple%é}&msﬂﬁaﬁqu érgcgral IT&Eterato on cg%pnses at least one
operations 1 n accordance Wt W ITBt 1610
of MeAsHiRe f Frifictl dimensiqy. mepgiringt fhiskpessrol & lagr. rweesunwwéﬁcqnplem@y measuring an
electiied dhadctéristid, medsurtg i ﬂeﬁﬁlsuy mbds@Ing G Q)tlaﬂjﬂ'bﬁehféﬂ &easuring defectivity, and

ations in accordance with said new
meagnﬁgr}:é; og%rgg thglgglli

y sanpling rate have been performed for a
period of tinme, perform ng additional netrology

opear at | RS miethoASCMird anﬁxﬁhéﬂ/lc&hbn‘éﬁ% gerﬂﬁﬁlﬁé hdﬂﬁloﬁm%ml&g%peranom in
rate rrlod of claim1, wherein the

accor% nc w1t nsg al new metro?o sam

sf1 ermni 4bl e netrol ogy capacity

conpr | ses determ n| ng a nunmber of netrol ogy tools (14)

t h%t ar Q’h@iﬂ@tﬁcﬁr&" Lle@V%eLeﬂhheem@&d m%grﬁglsgsoaft@r shi@h@htional metrology

Q et r ol Xtoo at are genera
oper T s Pidart il et Tersel HEP LG B Pomgbtemioyy a afrgd of time,
perfca@smﬁédomabmbelogpwptamneinylcqordarec vhiangéablire nBtrdlbpg samglilnake.

of claim1, wherein the step of determ ning avail able

rret7r olo ca@acgi y. conppses determ ni ng a nunber of

net'r ol 085 P é $an ety e Si5P o8 HePPIREat Pikible amgtlogy capacity
compuiegs fdetenminig angpeciffmegolpgyttvad O¢ythd per@iréndf a@afdabloIRahRERd to a total
numl;epotq‘neqr%@ tocnsufmﬁﬁ ar@ Eenglgﬁ)r aQ/nggly »\thrginsc\ll ()iltﬂg mgnlg%%%/ %ols (14) are assumed

gener a avai for "perf orm ng said
t°ber‘f%'f‘91'%5?”b‘§€7(rc6i5‘%“r"’§fl on, wherein all of t he netrol ogy
tools (14) are adapt ed to perform at Ieast said
spgmflcrh & per n hod of claim .
wher ei n tﬂ% kol 919}/1?,91 g @%}r%%ntl%%ég vai T'Immg avf"%LlF metr(]’]bgy capacity
COmIEl(S:Fﬁ gefwl%@ﬁ‘ﬁ]ﬂp‘g @Emetrology tools (14) t

metrology operation as compared to a total number of metrology tools (14) that are generally available for

at are currently available for performmg a specific

performing said specific metrology operation, wherein all of the metrology tools (14) are adapted to perform at

least said specific metrology operation.
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determining netrology tools (14) that are avail able

for performng said at | east one netrol ogy operation
waemeatiskrast a second netrol ogy operation thaPCT/852005/022424

different fromsaid at | east one netrol ogy operation;

and in the step of determ ning the new netrol ogy

sarfl i nglhe apashod raf chlpari g Wherein st $tepg ofr deteamipipg agadlplle metrology capacity
compi@eond netrol ogy operation to thereby free up

addjtiaonal netr ol a erfo ng sa
o clebine mevotsong SRERES it B Ry e gng, metwology
1, wher eiperati@iadd pdvestaeserapl ggyolcmrppizratmg thagts diffegent from said at least one

det er m qggrofggy@g{a{,&rmlng the follow ng cal cul ation:
Ratei new = Mse Total where Rateinew represents a

new? D P%‘Bﬁ?"’é‘&‘ﬂ%ﬂh? R PRls L2 mBe it rEHCire @ SRl frigsfar said second
I epr esenhgrobgpasalionte tireby fideaq udddomdl menglogyadagaciait for performing said at
oper ati op, | epresents a nunber of metrol ogy
tool s currsedr?%i}ﬂl \gglgeabﬁ{e and Total represents a
total nunber of metrol ogy tools that are normally
avaiol abl ehe rethod TdTecldit N Gherdlh saidaren thetroWld e Is@hpling @dted isN@Wrmined by
rate is determ ned by performng
perflf;re ?he%ﬁ%m ﬁgmélgp%ul ation: N Rate, new = Ratei Mse -
, Total where Rateinew repyesent¥$,g,new netrol ogy
sarrpl ing rate at oﬁ@ akt O aferbaanq;Réf el base represents
a baseline metrol ogy sanpling raté&®t operation i, N
whefv Rat@ K repeipne semivws matraiagpizanpliog ravetar opeagyn t, GRakes,,;. represents a baseline
metlc(\)H)E)[ S&Ll reﬁé’ ﬁlolye@ﬁl)@z f\l v,,[,,ble IQ&ESQIM Hhmber%?ﬂe%-g {oglls culrently available, and
represen metro ogy ool’s t hat
NTormGPrﬁséPtf g/toalfa*rrP%{Bf @ehro&?ﬁy 'Bﬂ%ih%ha’ie(’j‘ﬂmP ly 8ilablgh e et hod of
claim1, wherein said new netrol ogy sanpling rate is
det lelr m nﬁg Bé{holaegf c:q)arquI lngvh'élhg ‘8 ACQ’\MIIE}Q)IO %%Br?plm% rat? is determined by
determ ning an ag reaemsro ogy sanp ra
perfatlrmngnlﬁtf?l@mgyal@bé?natu ons by using the follow ng
equation: N 1=1 where Rate Totaiyis the aggregate
netrol ogy sanplingRaalg, £Raal) —AEE¥EE ogy operati ons,
| s the total number of netrology N)mﬂr atl ons al | owabl e
wheBe atﬁn,,?t relg)rlesg oltnegvg ir/n%téoa%lsargph\r{% ra{et AR5 oPératlon Z, a@katéﬁgsf r?presents a baseline
meteptogy samghrlghée RRPBAPY {4 Vi svevsR T PESNE @ ABIHC n@nqﬁeloavta@1$ Qibybrgly available for
opeﬁﬁ{nrz Qllx@gyo,,,, 1 QRdsdntsRYotR BEAIRF inRBo1bdY ools@at HVhIABGaILy available for operation i.
cal cul at1 on:

12. The method of claim 1, wherein said new metrology sampling rate is determined by
performing the following steps:
determining an aggregate metrology sampling rate for all metrology operations by using the following

equation:

N
Rate,,,, = ZRate,.

i=1
where Rater,, is the aggregate metrology sampling rate for all metrology operations, N is the
total number of metrology operations allowable for metrology tools of a given type, and Rate;
is a baseline metrology sampling rate at a given operation;
scaling the Rater,, values according to available metrology tools by performing the following

calculation:

N Available

Ra teAvailabIe = RateTalal N

Total
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NAvai | abl e Rate Arable = Rat e To, al Total where
Rat eTol al is the aggregate netrol ogy sanpling rate for

w@bdocnetsadl ogy operations, Rat Avaiiabie i theP@iBvS2005/022424

avai |l abl e capaci ty, NAvaitabie is the nunber of

currentl i | abl.e nmetrol ogy tools, and NTotai is the

total nu eéer Yeroaret Fl&aéaﬁgateo fology, spmpkipgs 144, farggll] Fpetrology operations,
avai | abl #atesana ipdref mvmvmgabterwpafcnml AW Ts el Kiktb@t dfOdiirerly available
?OESE ng:: Iﬁ%tr:oﬁ)‘gﬂéfoa%\taﬁd Total ?'IQhe)Ctgti#%F?ge? ﬁg métr%logxlt%cals that are normally available;
nmet r ol og‘%"dcontrol unlt (12) that is adapt ed to

det erformiig tig sk coialat®@: r ol ogy sanpling rate for at

| east one netrol ogy operation; determ ning avail able

metr ol ogy capaci tymi%myéw th%,?et ep)zof det erm ni ng

avai |l abl e met r ol ogy aci %" conpri®6es deternining a

nunber osfub oI o%¥ tools (14) that are currently

avai |l abl'e as o8 % to a total nunber of metrol ogy
tools (14) that are eneraliy avai |l abl e, wherein all
of the netrol ogy t 6 Swib. & 25B@epe, t 0 be conpl etely

i nt er changeabl e; providing &aid determ ned avail abl e
nmetrol ogy capacity to said netrology control unit (12)

whepei n Satd,TBLLALQEY control unit determnes a new
metrol ogy sanpling rate based upon sai d determn ned

av (ﬂr(rvaimgé n}’fﬁ?l‘?&ﬂcgﬁvl B Hlae thatys adapteg tqdstefraingy haggline metrology sampling rate
addi t i orfedat et 61@hﬁ@@log@ﬂﬁia'ﬁ6ﬂ ons in accordance with

The net ho
Lk T e T e —

adapt ed SERFCIEHFATPEES dstephiningd Ii“mber@f mptecliqep kooly ¥ 14) thetl age, cudSitly available

The net he d)n@)ﬁre&‘oaltdﬁl AdmbeNT ﬁfe@él&y%ﬁ@l@&a@?& éénepﬁlgf E\Qhé%ga}/wherem all
tools (14) are of he net hod™ of

cl ai m 13" PGASTMEY P Eare ass‘t"ﬁes &}’ tgﬁ??é"é?‘y esipeells, after
s aiPePvidingisid deietninpdavaddbls gyetrolper @pdciN® skil n&gdegycdtam®eunit (12) wherein

W th saisgld Q&%lﬂﬁt JoQJr@ngt %@Eﬂ?}kn’eé’lg nEVatn%tra@ég/esa glg@trateo rt])aﬁed upon said
|

performed f of tine, performng a
met r ol ggiy ope Fataﬁ%[?énef’ﬂ%a&pa?‘ﬁaﬁ’i‘ﬂe with said baseline
netppr@jng]gg/ adggioyl ingtrplogporerations in accordance with said new metrology sampling rate.

14. The method of claim 13, wherein said metrology control unit (12) is adapted to control a

plurality of metrology tools.

15. The method of claim 14, wherein each of said metrology tools (14) are of the same type.

16. The method of claim 13, wherein the method further comprises, after said additional

metrology operations in accordance with said new metrology sampling rate have been performed for a period of

time, performing additional metrology operations in accordance with said baseline metrology sampling rate.
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