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WD 2007/ 032867 PCT/ US2006/ 032744 DATA REPRESENTATI ON
WWQMJO A NON- SAMPLED WWORKPI ECE 1. TECHNI GAL . RLELD..-

mand? ?’*ﬁ*@%@ﬁ‘)ﬁ%ﬁ%ﬁ%@?@% AR5 AR WikRbpon

nanu
and ap ar BDELY di ng data representation
associ at ett JILD oces 't hat were not sanpled. 5 2.

BACKGROUND ART The technol ogy explosion in the
MR A frEetion foslys Evveralbt to yerrigmdycts uhtuddtuiing, AEnyoR @iy, to a method

and appafie Yoa roViing SRR bH: @Gk Abi J@Q}Cl@t@@@@mﬁneceg AAYcrSnot sampled.
manuf acturing pr ocesses particul arly sem conduct or

manuf a tulg ggcm% &R5€ call for a | arge nunber of

i mpor t ant pr ocess steps are usually
vital, and therefore, require a nunber of inputs that
arE ‘@“é‘ﬂ@?géil qxﬁoﬁ’anfé-ﬂﬁm@dfaﬁmmﬂmtan s pesd@érin many new and innovative

manu fatiBitivgl @bdsdes, ngT&!@ﬁi rrﬁ)elnufaéllgmghﬁodm&mp%ﬁtﬂrﬁ %Entconduct?r manufacturing

e nduct or ces requi.res a number Of
”“"’"‘S*"g’s %gl‘ég‘géqs S fv‘@?‘)é‘ﬁt‘éte - TSR KA IR WSty it @pd therefore, roquire
a ““mb%{ é’f/tnélés that @ﬁgwawlbsf@mh@ghd ueinbin prptrefandicuriif@n@r i ous

processes, fromthe initial grovvth of the

SRR eREGL OF se%%ﬁfubt?ﬂj dewtca lasca nué’ler off c?sc?ege Procss steps to create a

ack ﬂ? m.conductor crysta drvi
packag 5“3’?‘?‘@3‘??"6‘??"“’%?%’@%’ Sf”ét%ﬁ‘rch’gm‘é@br Thg yariowsrpracpspds ot thigjpitial growth
of the sgrmc@ﬂdeptdrlnie&)tal hosliche opae K&gbcﬁhGuc&H Orydidt b iR RIkd] RARRS the fabrication

stages (&Qﬁxgc&?ﬂh q CJpS ec}ﬁgcﬁ the i ,htg ?hetpﬁcka%n%gagcgégaitgstﬁﬁyp tgeecomplcted device,
are 80 d%gtﬁrtcﬁ"ﬁ*é’ae rnﬁfher P pihecdhah F protaes 1Ry be b&folradad diffnet manufacturing

location$ thattcoraarrdifiireht cbinfrdl @heds. control schenmes. Generally, a
set of processing steps is perforned across a group of
tines referred to as a |ot.

m or waf ers,
’:‘F%“e"‘ﬁ@a?rﬁ? & PrEPre s pesped pfege HEYP BleseBisprdaRs@ dvabts, gpmetimes
referred {p-ps i dot. yFop ¢xaujplf:,fa@r0@ws lapen thetrhaglbs crmyseld 6f a vﬁrﬁkﬁ:ﬂﬂdxfﬁﬁﬁt%&nﬁs may be
formed &am @%ﬁ’déﬁ&u%r w@ére rTherQ'ﬁ@tr g%ﬁltte?l{ed la?tﬁ%‘? Itto?oremst ma},rI g?érlmeg across the

rocesslg oo Eﬁ%l o %t.ln f oL red
p Xer Hsgng hﬁtﬂ %Failﬂi‘)l'fﬁ‘&f‘lﬁ’ffﬁy'rﬂ@@% axmgzégrocépyp ity bdrfprmed meross the
process layec psigraqpes®dilget diporpalst aranmek. a’ﬂﬁsih‘écﬁuntg Bﬁ)cc%preﬂﬂtpth&Sfomanon of

various éeﬁyrgg or%jeagmq}mﬁﬁggegrl%ld éu ¥ & Iaturoef {ng get uos%cﬁ%s ?}6 FYEP eb%ga&felec&ode

. rocess resu
structurevfarr trq_r)\ﬁgorf e Mapy gtgesoprenelb Jtsgleqrog sitrppmrqskpee Prociorsd atrasy @lre. substrate of the

semicondBuoh whferatb Usobs: d‘mmch&rddﬁﬁ%sﬁs,sezﬁiafnd&?é@mele Ot 88h8e of an isolation
structure $lafGh B&Q&a BIhIRG ] c% iso a{ion (gﬁESI Stror s. Many tines,
ol Ya%WFso formed across the

trench 1 sol ation s ructure
substrate of the sem conductor wafer to isol ate

Epegpanpiaetering geobadthacy vesosiugemaahoiuins Mnhb}ﬂﬁﬁrb’ally Ear:tenumcate with a

f: t&%@fﬂ}b&w&ﬁ et @loR8sin ac i used |
et el 0 L] L B )

e
to an equ}?ranmg];n é‘fgfﬁ. i h qtn%‘f’ﬂé mﬁ’quq |‘Sﬁ3°‘&1e§ 2 Brdize ingsfface to which a manufacturing
network 1mgefcaé,tt}@prqbn Geifitatdiglcdruymrtioping Bdtlagn 46 mﬁﬂilfhlctﬁﬂrtgfiodl\fm{dmw@nanufacmrmg

eworlfBl RGede d QL K fro [oce
i;n; mklé @g&h’l%arg&f Ler %‘g{a{f% & paﬁ [Pg.r? tig edgp Fsglcpn rolStA?’%) system. The
5y SYSIB ﬁ?fgaé?sé‘oc°“tf°6 S‘a’ﬁ‘ é‘ﬁlﬂ‘ ﬁﬁ’e‘i’f’t a F"rﬁ‘t"éfle fpé’étém iy eute!qfutcrpheﬂtwves the data

needed tojepdcate & ma@fdcwrigernest ed to a machine interface to which
a nanufacturing network is connected, thereby

cO ni cati ons between the manuf acturin
O S e e UG e S iy e
a plur aht}1 q{ ﬂrérvfda@gemmdrg@n@p 3| apratyed pargtic 00, Avingihsan ﬁlﬁd}lt&ﬁ@@ﬂﬁﬁrocesses
and eqmpﬁ:@rﬂtd' Iﬁtterﬂeﬁ'?e@:r of )Sﬁctt&gﬁst H;ESebe?fgm{'\liD %%X&Ie%%o}% 8¥oo&%§ E{{Eﬁs tPat are to be

nt r ol whi ch can be a software

petemed. B R R B GBS 1 TS Spros ulbeicns eseeroe aateppes on

nanufacturlng process. 1




10

15

20

25

30

35

Figure 1 illustrates a typical sem conductor wafer
“nggw&ﬁgﬁsen1conductor waf er 105 typically |n% %ﬂﬁﬁmm@szm4
smﬁdg %g?i‘%y g &@§|V|dual conductor die 103" ar %
PR R 49 #g %ﬁo&%&aeﬂ%&%w £15E1G¢ Bighpash Gelose sthe pattemed
photoreaxppda)eqqu preert as aanapiadutiey adils pay@ses, ofet PROL pofomies bn FBYNdBSying layer
or layexfs @f Hﬁ&‘xaﬁ@ % Oasl§yepcﬁ%0195r1hchp rnﬁtaﬂfrﬂﬁﬁ&ﬁiﬁ Ln§t¥|]%ﬁ ?(ht}alggér t% Kb pattern to the

As
““deﬂyﬁ‘rg 58 55 iy b’iéﬁ% o e rsgmped gy § PRI g B of e bye featres
or opengpg-dipe frpteres N are ko BARPROGT 03 ABBAYRRGIIcISRON6/ 032744
sirlga 1 b;{, 954100 dl 13AY" It il ons at a tine,

e e hot o . oyed. The
patterng% ggﬁ%?or%§$g ‘#%“@Foégﬁﬁﬁ mﬁgg r QPQ“WE¥W”S¢mwmd A
manufagfyring ﬁ{fteé‘t B AR§eH meeﬁssfimm{dum‘r wdfess, 10p Gridco R I d Tigse wit@s may be

part of AR o} Yol ngblayeﬁﬁrmn%rat 2y &tk %ro@ffss mtp%frél@ of vﬁfeg the xﬁanluf@ytﬁ'fng system
caon

e sl ROKIRY W e ooty o EAhe o oy (kP i
to the sapppled yeafersavay del vied penlodite phdifi@ies iagtrocks se@pifiraetonafe wafers, Based

upon thP lcalbuddiddt NodBathoRAkddiRS: adfistthents b 6s %ﬁf)ﬁ%ﬁxegt P ldh g%cesées gerfonned on

features that are to rep | cat
&m%mmﬁ é?@#ﬁéag ocess | ayer. Turning nowto Figure 2, a
flomchart depiction of an illustrative prior art

pihoeessy bé awveiab pahBRIne tatdciatd witR Nifrh€ trkbitioBoghy Sxteﬁtmg NRY processing
semmongﬁc%;f %ﬁrso e QF g?l:o%lel%g mbl%&)eg Ccl'nu Ct%xc? ! %Nrgqgtg (E:ﬁg% %lat% ay nPtOIEe available for

. hese wa
S“"S‘a“"@JB‘b?Ye’a &afen it vrig pragessed aEltIS réweeSph* BodsEe oring ofylatardki 4nglyofig process

results. Wadr€edmld bk h@xotfmﬁghftxa@iin@ﬁdaﬂtﬁls §syasxlteﬁmtof tgﬁﬁlsﬁ&cﬁdiar ®or example, post process
et Ry Bt P ol ol € Bl sty Vot R0 e r s o

- -correlate ExUiH B0 Idéﬁtt’\mﬂ@rosesmltb@ pesfouh houethring lagdlysis. However, state-of-

the-art ni&!ﬂﬂcﬁdgibaﬁﬂaﬁ Bxﬁy bioviy QGRR3y SHERS s%feﬁ QLRRd ’I(ﬂg'ef{nlg post process analysis
thec%Jmﬂate nodi ficatio

may bo A RS R g B PrPD T BAE Brsoh e e pos
process g5alydior med on subsequent wafers (bl ock 230). There may
be several problens associated with current

KE&P&Q‘IQJ Qrge'n% Jxﬁ{%gg E&g%ﬁr%ssgaﬁﬁslesss%l n ?816 mplcé) fvdfl?rﬁ 316“ were analyzed

waf er's, cltu
to acquuﬁéattef IBzfyd‘@S,bed&q}Igblc cha&yg HeROsSIEOCESy ARdea B¢r@xafmﬁe prg@ously sampled wafers may

have bees sdopbaint k abdityof ﬁf%&ﬁt}émﬁ/)ﬁfc% ertrcfiﬁtTh\é@ﬁrePJt B xSl Qne o-Fla bevied W ¥rocesses
performel 85k gvaf%x@ sgglﬁsﬁlthn 2 QL s Eﬂaa ncb%e av\é\'?igln i E.ch%/j g?sit goess analysis. This

process resu ere e va
may leave gsfgnifisgnt gngn s apelysis prtocm reguite  Additbnaily, share avafefsamay be diverted to

rework sﬁg’a’ﬁni'pEoeatheptﬂﬁ&esd&ftz@é‘s?&&efoﬂ:nﬁla )L’fffdp& WEYs RS ﬁﬁg@g@%bp)ét fle end of line
at a o certain processed wafers
siage. T@%’g agof] mcnta{%’éaﬁac%he%%“'pﬁ‘ée§sl ai"éysmt - ..-correlate
certzi,' netlology data w post-process results to
Yeerf data inonmawhatatpiyuall widerg nadiysiisns ofdtaer@ds, is Sdt aiaﬂabe accuracy relating

to post px‘b&@s zﬁEI&sxs’TﬁagriQ@epl ﬁ&b&éﬁ@é f[%%é(mlo%f &?x\élfx%% eg&t rrc%esg X ager may not be

an offi or S&n’g waf er s process anal ys
ne C‘eﬁ'opri‘?ﬁﬁf LIBEHT b AEd b e ! Pesssiag .. R uslhy Belommowtes may be
overtaxedofhed attegoptingod mqnzreahdnylogye&w fron@cH ﬂiooassédaﬁﬂfer Oﬁ‘h@é}'&é‘ @&G¥dustry lacks

an efﬁcwhtr&ol%m PR Eroblpzﬁs s?e%ﬁrﬁn 8190%1 Xlsi %T 3f< resourceg g E%!qla%/mq zrﬁcgroﬂagy data for each

pe rform Lg\glfs cess ahna
processeds\%%| Py e agsotlﬁgq aq,géﬁc(pnhqqglpwre dhe prablepis epadoiaged chdth aiserepyincies in

the metrology daelené @ frdra Bl omith Mgt RPTbRENFESS St age. For
exanple preV|oust sanpl ed wafers may have been

.ﬁ% Qﬁt as { ‘£t of subsequent process errors.
SISO e8¢ PEcER @V BPMenE ab‘F“h”%‘@F‘E»é%ﬂ Sectppioaeerseae of the
problems sebfogle ptfors: med on the waf ers, sone of the sanpled wafers

may not be avail able for fmrther post - process

analysis. This may |eave a significant gap in the
anal ysis of process results Addi tionally, sonme wafers

may be diverted to
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rework stages or to other process stages, therefore,
wneossesgbe wafers may not be avail able at the }e&q §zf006/032744
line stage. This @%ww af f ect tH
post - pr ocess anal y substantial ly
ons on the wafers, is not

o b S ol Ry R e e tep e e bisic understonding
of someygsagolp of the impppticay i fue sumnidoriencean exogiu dvertgw TBhe Bbagsh. B @t intended
to idenfifly REQ &@ﬁtﬁal&[@%ﬁsﬁ'&qﬁ% 1)9@;1&)5 op@ﬁelﬂ@ie tg&ieﬁcop% g {ﬁi nlvéiho% s sole purpose is

to eD{ cess and ‘?, ow down qver P ?
pres sga‘xg conGeRtsiin 4 § yﬁpé Fci,fomf a‘iétpfg}ug}e tp the ggredptai eﬁﬁgﬁcmont at Is discussed Jater.
overtaxed when attenpting to acquire netrol ogy data
f P'ONF &Rech Ophoresaidavelionct melRiddy Bf awexinhing 4 mewbby yalue relating to a

non-sarhpgaikorkpéeae. EMEdsﬁ‘tbcEﬁlEtr&c%b Wbk @MbtibOtolaNGstPFPRIENR rgbtaﬁégn M&rology data

resources for uiring netro
conesp éﬁd&g] %or Eéé)géé NO&BIF Bces gpe?i“%efdetf’ase%'l‘% d%?érf’ gy gﬂt"sﬁ}gtmg to the first
workpiqeg Rojpsovidpa epikgtedinestiplossolaia trdlating lbdletsdwmdmod&pleears associ at ed
with discrepancies in 35 the netrol ogy data derived
fIn@nten pptct piyhaprpontinenionfa Bt ts @fviqen %Qﬁﬁ&&ﬂndﬁﬁg @fn@trology value
relatmg-w@ @ﬁ»%ﬁ@@ u’oﬁiﬁ@&t 'Q@irs# ﬁro% d & ?}gr?ogmedo ngxy S'h?s? gr]gr 1%08 Metrtology data

relating gﬁtf reduci ng one o
Fﬁ? Eﬁﬁ”"g‘a’f’cef raqu{tﬁg é’B’@\,‘-@B ﬁlﬁ e GOFRAERES G‘ﬁe first process upon a second

Workplem:?/pbjﬁ.ﬂﬂ%/ A 32afidekhip mbtﬁ@lnm ;ﬂ%es‘s Mglr@él Qlata relating to the first
workpwf:@’sln%\%g&g AN &&& édsmé%oﬁ) ata rg atmg ae seco%in\aoélfpéetc%ﬁmltﬂ)é from the first

vention In Or er to SIC
process be de&gﬁg as%cqeée“@f’atpﬁ@ ‘?amlemn bn modefing D%tbﬁ'mﬁyﬂshls bereten the first

process & t@xdvaolsgylde. over vi ew of the invention. It is not
intended to identify key or critical el errents of the

|Iﬁ1 !ﬁ%ﬂkﬂ z@ﬁbc@cff tebrl&l iRERLE 2GS ﬁ‘%po%;dgcf £t %}n OX] tma? ng a rgarology value

relating | oa g ose is 5 to present SOME CO
: rﬁ?fl“s‘?’}péc fead lﬁ"“ﬁ%“é?%d’é’htf%lbtq#@m%@@s tﬁ@prﬁ}nlngid A set of sampled

workp:e@eg‘mm et ipbrelityheft workpidess s usis@d, | At metrbfﬂgyoﬁh% ARRAClo @é sampled
workp:e&?% eféﬁlf%%@ Nk rhé%l@éll Jia%ﬁala@onﬂ%pt &gzgeen ﬁle é)%rahsrpdg wc:)ri?%ge?s Iég p acquired

val ue relatin
appmx‘“ﬁéea%}fﬁc’g’gy it f%l”&ggf"‘d’agt ) “Pé?lealt [ Fﬁgeqt@ Iaehﬂozls tatavertakine eo@n-sampled
workpiedes isrge@eited dghed Meh el igyledi@hionsHiO I THe SRRBEE Aetdiddy BatsR QQ&Q@:d to the
nonhsamy}pgm fe& 1's approxi mated based upon the netrol ogy

dat a relatlng to the first workpiece to provide a
ng to the second

r cted rolo dat.a rel
Bl %Efger as ectnggu ipﬁaseg%lgtreﬁg{}n &?ﬁtg?f{ is quv@?ﬁlefmbqpé@@ﬁ)@tmg a metrology value
relating tp m;a@hstatnelﬁd werkpigst - hddrdcess proo v ipbledty fod workii@eOX berirhdag Aa,-et of sampled
workp1ec€£ﬁ6ﬂ| t@egylul’é% lb@ worlp e@ets| i geléc%da AQAr %?@3?&53? ayt\lnre]kt?ng 5 e sampled

errorned upon a

wrkzis. i) QSR o MG teB ot Bl ok e s e sied
approximgie gugtrplogigdatar Mtk hppockss 1S nodie0.C PBGecies n&&ﬁlbﬁyr &b relIAB 10 non-sampled

workpxecés' & $Enefdfc@ GRSS R AR FodSIES r rfo cr
tod atnleqr?sh H’g %ﬂé&tvveen the E ﬁ?ngt{\wp?% g‘geﬁedm rf% el rd]atm fo non-
Sampe‘ﬁ‘g BESY"at a relating to the first workpiece is

nodel ed. An esti mated netr ol ogy data relating to the
Tg apeshre asrest Rpthe prescpidgyehtidnngsystem s frénddefl ifer sppr&Smping 6 @B Gology value

relating td ﬁnﬁeﬁﬁﬂJm%QQleceT%@ S}Qt@rtﬂ%f i ﬁ@geﬁt%eﬂtﬁn pl@iﬁcfe? Flggﬂy Bmorkp:eces and

a metrologf 1 Eo ag u1re nieﬁcgo l ec{a o%%slsalalg]ledveogkgvnveesegﬁm H}érpl%:ﬁggtwoéﬁneces The
system algqq@clpc}eeg@mtrollﬂ\,te ﬁppr@mmatfacmstphmldlgIn&:trplb@%a(k&@laﬁ@rto at least one non-
sampled ﬁ&l@;ﬁ&K mt&@ﬂurﬁlt%? WJk&g%s K@éd‘{gon (h% n%'irlolo% 49 2 ﬁela?li% tg ¢the sampled

Workpme ?n%g rkpi ece.” A process upon a
\A/BP*'I?RS’ % @e“fegmﬁﬁ?l?%rdﬁ‘éd A set of sanpled vvor kpi eces
fromthe plurality of workpieces is selected. Actual
nmetrol ogy data relating to the sanpl ed
: 3
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“kﬁk@y¢9§§hlp between the plurality of “Drkp'e?§§n%%%wmnwm

te nEtroIo for
bR P PR PRt Rt RO B0 e g pglony vaoe
relatmgt 19 2 peyrsampievptadipiccenoihk griveretesof iths pgenenatedd ilvkeed carpolter tohgproximate
coxrespHﬂ!ﬂ@'nﬁQol&g@ |d§£ }eﬁﬁﬁéhb B leag—laﬁe rﬁﬁ Qdm%féﬁ @Jgrkﬁ%e rli@ln%gx}[ahg%ﬁﬁodeéed plurality

ofworlgne € seg 0 tr (% rgi tﬁg wor kpi eces
S P i B e BHPID VR RIS Pevil Pl metolozy
data. for approximating a metrology value 25 relating to a
non- sanpl ed wor kpi ece. A process upon a plurality of
Warykiph@ieespdcsof rﬁ&rpf‘eﬁdnﬁﬁﬁknnoﬁ, SRfnp 1 r&@dﬁ&'pﬂgramw @d.ie@i@@éacoded with

mstructroﬁsoim)rf:\t}&d ?c!é g;{p?(lx nég( a me { %;P uce resagrli StP ggonei%%ﬁ&dpw% éege Tge computer
readable, progptp aithsdavice remoé‘g’ywlé’atnﬁruﬁt@h%ﬁmto WBéHi qxeduizt! W @rcotabrger, performs a

methodmowbr&'thdgtr@éel%g Wsdfr@d ﬁ&ﬁ&gﬁ% Tl 3 Sl Hisf Gl lgxeﬁp pfiﬁ)fdem 8so includes
SS. I.S del e Proj ect ed

spproniTEE By A5 oot o PG Bt e St R littareaing o e
first Womﬂ@ﬁcamr@@ﬂebamwwmlqgh éatareldiak edhasedoad wakgitep. The
projected nmetrol ogy data relating to non- 30 sanpled
wor kpi eces is stored. In another aspect of the present
invention, a sy288HRSURIBUIY RAWANGE oxi mating a
nmetrol ogy value relating to a non-sanpl ed workpi ece.
Tiee ingsngoramay & widastopd tysefmtnct pviedtilooing Idébﬁ:hliﬁdﬁﬁkea in conjunction with the
accompdy ik éﬂﬂhﬂ]éé 19&h%§fﬂ&9&f€r@&§nﬁﬁg}s 1@nt@£lf %legigM Fu?n
acquire netrol ogy data froma sanple wor K plece rom
the plurality of workpieces. The system also includes
JIRBnt dBsrass "3 gvligph depigtiem e 2 conierdprimabaty thastmay| eggrocessed by a

semicond@toamamiastiniaGystetn; at | east one non 35 sanpl ed wor kpi ece
- ‘fromthe plurality of wor kpi eces based upon the

tin o the sampl ed workpiece to

'}‘fgo d‘g“g‘ya‘ gj"%‘% %Pﬁ%ﬂ’?*r‘%fr %‘g’wrﬁg‘-‘tﬂgd fog pmsmwe@zw wafers;

PCT/ U82006/ 032744 r"j~l~;; t t tkteY P. 'di;

Filete PIbEirgtes e dbiok dibgrve ot 4 9fem AMNc@RRE it Snd SuddhtOV bsiment of the
present ihRhtic@PPr oxi mating a netrol ogy value relating to a

non- sanpl ed wor kpi ece. The apparatus of the present

i nvention includes a controller to approximate

EBre 4 dpyeries ngoreaieteitsd blypk dastan depibtioh iohgpro@ssamit bEEgire 1) giccordance

with one GRra% S BRI QAMMOS MR RG G It @mPl Ural ity of processed
plurality of workpi eces based upon netrol ogy data

elatgn Ho t he sanpl ed workpi ece to provide a
E‘F'brfs 53%1‘ Thtrete SFeagiPry sseplyigtl dlustiapions of theyredeliag ofanspseleay mspsurements,
in accordpive will esleus tillustraviendnibodimerts o G prdfettinvepaabl e program

storage device encoded with instructions is provided

ue relatin
lf= gﬂrc @Hﬂgﬁ%ééd y&%w niglrt% Cpg%or]\_ tletgeg% %%tt e metl}og%lla At %glarBF 8’61? %{HIusu‘auve
em“ﬂm§¥@f%@@“§éVW@@m@ﬁmbded with instructions that, when
executed by a conputer, perforns a nethod, conprising

F@lﬁ@ b ViluSEhteS B @ncdr{sr &@aﬂ@fi&\obﬁg ﬁep%ff\gr@ofr &l %&Js Y Férfgnﬁrrrég]: 4 zrng’éology data

e met hod al sQ includ oXl
cupansioq b Do Bt oL B S BABII 5 Cbediseeid Ceesept tewion
based upon the netrology data relating to the first
Whilekii i@6tidh s spscoptivo aanpﬁsejhoeﬁatzﬁdnsmﬁ& 51108 rdAL, ec:ﬁo embodiments

t,0 the_.seco lece
vt o B ) S R0 BB o eing g iy dtona b
understoogd dhoppisr, thaf thegighonigticddisiein Icf)IPFQDiP er&bcimenisnis o mfeude td 1ot thd ibtention to

the particli©forms disclosed, 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 clairms,
4.
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acconpanyi ng drawi ngs, in which |like reference
WO #2867 dentify i ke el ements, and in which
Figure 11l |w&é%%ﬂgo ction of alfcjr?uszoowoswu
seni conduct o ey e O e SENION 5
sem conduct or manufacturing system, Figure 2
i fifustetivepmbedinenty of e ﬁ’é’?‘t“mﬁ@b@f’é@ ﬁbmﬁbﬁf & e indrestaf tlarity, not all features

of an swwblheglchatatipt Q@ﬂ&‘ﬁﬂdﬁ@ uﬁlﬁmsﬁ‘e@lﬂ@gﬁ@ﬂ oft WHRTR Lse, el a?%%cﬁat«% that in the
ram of stemin acco

deve]oﬁnllelnﬁg‘tt dn tsﬁ(ﬁ a%tu?lr 23 f)c\l}tézen L Ul go%ﬁlp 618 nta(nﬂxé-spe%tﬁoegeéﬁnpns may be made to
achlevq ‘h’i/@ﬁfl’l’ﬁﬁﬁ spg@ﬁqqoglgrsgchm fdmiplimte witheowsten-rebied atifuaihdseflated constraints,
which pdyoelky ﬁﬂnﬂgﬁ aﬁﬁl@&%ﬁ?ﬁi't@ﬁo@& B1oRbRE, §SHiN lﬂzﬂ%p% ggtec{: tlhzglé 5 %bvelopment
effortrﬂq?ht& Ig}?z%%% &-Consu One Lhsustrative J lf
tPThvents ?f’ ni'f?ggw Y neyergeiess by ‘Ug‘t‘l"&l“@ef@k@ﬁf?r %?Psy of ordinary
skill in Ej‘Pé‘ﬁbﬁ"@theMfﬂleﬁ@fmatdmdwsreof the nodel ing of netrol ogy
nmeasurenents, in accordance with various ill ustrat ive

ente gl Qf L9
k SJS tsc:ﬁgf[ﬂge?t (21 wﬁl Eg\vw g%cﬁe?c%gg thﬂ e?erence [cl) thet aﬁtgclflx%cf fégags oYarxf)ﬁsestructures
Comput?{%tpf%féfg tqojs, %@ﬁ%ﬁ@éc}wngtﬁal rﬁemptpdm,ltthmrp\m@s f@purposes of explanation

only an¢ ghodd nERbscof tHe st ReRAdn me]\tﬂ@tﬁﬂsl (R arc Bl kh:dv&% Bosh skilled in the art.
Neverthbl'es!s ulﬁtt LAabRS d?avfﬁgg Gre QneIuaed t stcnbg}lgg Eféﬂ' @Sstrlég%tﬁ Ig??gquﬁ of the present

e orm ng
m\rentloﬂr BIE: gPsaqad thagfﬁ pged gereip ﬁmxd@ m@gmpg agyl ittlrpeetad to have a meaning consistent

with thej dnﬁdmfmg d;f\tlﬁi‘)s@mﬁﬂbcﬁu&rﬁmses(bfy tﬂogbeslﬂﬂbl&ﬁﬁ ?{étrelévgﬁf eat N@é}ecxal definition of a
1S susce i bl e O varl ous

term or EMAJL ? J;%%F %ﬁ%nqgn %g)i‘e ent rﬁﬁgxttli:e g Grraﬁ,g cus@ﬁétg im‘ee?ngng as understood by those

skilled i, the A iisiatgrdsd totbig dmpndied byrransistehioeaze shrbovarnbyr phm@ye herkin e Xa P kent that a

term or Iphrastehe in€hna@ul B g&vc&ﬂ@e@d’l %eglﬁ{hgei é) ad:ﬁéag{n% hed: tﬁgh tﬂzﬁtugélers'tood tt>y skilled .

wever

artisans, Ch-d -SPecla St OO
- et AL Gl el S PSP PGB P> BibourfEAtes 8 dfpitionst maones

directly ﬁmﬁvmﬁldwaﬂmrc&wdﬂ ltle {pkrn] dafivigort hiahe teren dr pagar ti cul ar
forms di sclosed, but on the contrary, the intention is

l199115}@\6?{113 %&u}i’?ﬁd“cb&%@ deta? uciescnptfo[ntare%ﬁer%eé dfb‘émﬁfc’f software, or

i alternatives
ag"m‘“’ishaé‘ i PEEelici ‘GPfeS&@attﬂ‘é? Pﬁqemrawlsmnedaaappw@nwdn el @inpmer dedd. These

descriptiQ@ Qud ﬁﬁ%ﬁ?ﬂoﬁ’%lﬁé S04 64 %1313 e o@\gn%g@é)shﬁsfih%@gcmly convey the
ubstanc e T ordinary skiil i L ye erbod] ment s, o
substa; Eh’ﬁ} 1! tN\{ENI p\ld aqbl'@ B 8{;\/ AFﬁIg? ’|aﬁfh§fB§§fs ugrd here, and as it is

d i nventi on are escCri
used gonprpllyy jstognceeipesito ¢ p seffergnsisienisequafce afsteps teutilg th APbsaRRLAL THsteps are

those reqaifieg ﬁlﬁ@ié‘eﬂ i phildtionst d71 |p§ys§eﬂ %ﬁdnﬁt‘xe@ atlklﬁf‘y tﬂé)bgehvﬂgl J;ebes%ﬁlg these )c}uantmes

reci at the
take the fgxgxyﬁ%gnoal 8 c%’R;B or eruaﬁ%eﬁ(i s1gnﬁ&f.?g?bbe£ being stored, transferred combmed compared,

ct uafl
and otherw% parpatedt ﬁtéans. mpse pq‘xw@!ent@ctusm,mﬁmamy fdd @=asvROe c&r@mcﬁx usage, to refer

to these sREAN 4 ¥y, VdlRs, dRMEIORGH S, c%@t@:ls %91@4»&?3} orthe
conpliance with systemrel at e usl ness- reI at ed

s]h% hnt s, which ma var%[ f rom one i npl enentation
P hepe nppipc oeseer, fhat afljof thess endypimitas cdrt el tot trassosiatehwith the
aPProanE p&;h@well @pnigetand et fefkly coivelin iaﬁscef@pmh eaém@sg quamit;es Unless specifically
stated o y.nevert hel es e.a routine

e 0P W koo W TR G ORUEE L5 R A (PR o pompatiog” or
calculatnfga\%- H@‘e‘i“h‘é“gs @ﬁ“élfsplﬁyl’éﬁ o the lge dplerdd the entien anfipecpsee sfartbmputer system,
or smnlarlehvtemtclc&ﬁpdmé tevREMbP RarBiRSEek bidaM i fub the?xfe ££19deas%)9ys 051 electronic
quantities %tﬁl@%%gmput S s?em 8 é/asrte Oau Shryctures,

Process tool & cand Sy &t BhEeypres Wf‘?‘%%‘lﬂ‘llayy gaysreate e physical
quantities jwithip e cemmrﬁgsgenf mqrmopesr pogssrsak obxphenabinaton IMgY, @Ashission or
display degieesaS t 0 not obscure the present invention with

details that are well known to those skilled in the

art.
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Nevert hel ess, the attached drawi ngs are included to

wiesmibdgsand explain illustrative exanples of
The words and phrases used A8 52{}06/032744

on.
EREAF A b o5uer Savimioar o SeuaregoTme e Npigeces 2.
semicopdnaiol wafenil 05, wintidondukier demidesr st pae iypigalnf Steb;h:ﬁ S1oud ki Bipld Rehnufacturing

procespﬂa&@s@x%bomﬁleﬁt@ leﬁe ﬁxlééehtl ﬁgnﬁog p}ﬁﬁe [foglpﬁeﬁ § a%/gr assbgmjé process data for

wafe g definition of
s 48t WP P‘?td‘i?asl”’f?ﬁt Pﬁ"%“?:li”?‘?‘%*r %rﬁieswwwh@gxwﬁ Watpga agppelated with certain

measured) stferseatoy nmg daiveg tasstimad exeése ada bByatib OS@Bmeslcéd &raﬂmb:ﬁlpled wafers,
Inkine 4nB8r &Hite mlstﬁaldgmiﬁﬂ g\@)gbet rﬂo&gﬁd Elﬁpr!}%%g a?s}éne%qg 3 In§t % rgl?ased upon

erm or Xten

measurff%xpﬁ{o@gy Eﬂtﬁ’ %bst@tg dqtehp@{ﬂg @ther r@anﬁgﬁ@n&r@qﬁé@p@ Imea rth:ghment inline
metroldgy daty incudae@aettongy Oettel’la&ﬁunfeﬂl Bfla §t<'hﬁ$lodd %@61&&}'@&)@ xmﬁng?’ga'té Jsﬁglatcd with a

i 5308 o SUEL SRS HL At e B EREE
data relpting Fpeﬁlm thickpess, linevaidip |o§,cegwdfe@rpremm Progeseed wyfersr ayvrlag esastrix@ents resuliing
from p&pﬁﬂio@hph@l &fxdafblrdrﬂeﬁk@ efn@ rinet TR, t B $he QibBiHL S eofﬂlgeo magﬁclgkl MR includes

i kL R g R A ————
105. ¥y ‘@‘6?11?1% wﬁkneamr@th ingy w©Bp Pedenta tisonsiltodf Dped@iskd Riconductor
wafers 108, yibid oF tHo boSessbll WhEe A, o84 @ORRUt er menory. These

descriptions and representations are the ones by which

t&dg f ordinary skill in the art effectively convey

itio b§ﬁ‘éﬁ’f&@1 eeptidensi ficton ppxbercalowateddiessd pifon mewtifagriring data, current or

historicad iiobdss dat, dul éhe dikd. . ThARatBEi@DIohfideite mafo prot1@s dh @ldRhiiod otkBE&nfidence level
associatbekil, me%qd@dsménrolo%}sdatagé&q eneral |y wafl S conceived to be

a self-consisten quen%e of f’ F&adi ng to a

desired result. The steps.are .25 t hose requi-ring - - -

dﬁ%}lﬂ:ﬁlﬁbomtmﬂ thet tiresers inyéntiph yimeadl infjuraemt/pt ¢ffise metrology data may be

assoc:atédSM&| ﬂoy santph:@ g Rysh Otthe @@%ﬁxﬁé@ﬁf the/ csﬁ;nﬁi@tfsﬁlng léﬁnﬂ&r otﬂilu?e metrology data to

rmao electrica
specific non-sam ecF waéfo réﬁa%fb%?gnﬁg&laﬁ ax @ﬁ&‘}‘né@ vaxflquéﬁgwge}cp:g%g related analyses, such as
post pm@e@qmplyp@dpromémre@;ce amltysis, 0t @t pis sy pLIbat E&dhtmhdlly,hﬁépmb]ems

assocxatdﬂr\ﬁmeﬁmﬁl@@\éﬁﬁ}sQﬂ(gppﬁ% obd ﬁ@r? a JahdiGh R Ly Y fo gttegu%%§ PILS] r(e)sult of the

rmon u tore ese signals as
avaﬂabﬂﬁ)é? 85”“@?’8‘% gata @W"lﬁd‘? %"n'sé‘ﬁé‘idé’t‘f‘feéﬁf s, terms, numbers,

or the like. It should be hone in m nd hovvever t hat

Abhing fow eBiguraBOa Blodk diggfant &ﬁ)ﬁﬁon&ff & s‘},'ﬁenb% @o%&%hea&d@fgan illustrative

embodnﬁ%ttol? tﬂe %%senggveﬁg&r % qsu% £ ’Hw)é SBJOP ggrgqq%%télcg%rg%w{o?&t 310 that is

|'y “conveni ent
capable ‘Efrﬂ"éf§f'§m§ Ig@{:@ffept@wqmyrespgquaq eg@ra@@ﬂq af wirbelityorf pacsesé sonirol segments in a

factory/fabp Pat e@aﬁﬁplet i ﬁé‘ﬂn@ Iﬁﬁy wnﬁﬁéésu‘érhda@pro&ﬁl’n%oﬁ %harcan%ntrolied by one or more tool

n i.ng’ or ‘cal cul ating" or
contmue{'sgd F aP’m ﬁargOf'a pm‘r:ess'ct?nggfngt}u ng" or the like, refer to
the action and processes of a conputer system or
Therredtal coetrad otit D iiccapd i tecsignglanai ador Iﬁshﬁimﬁ&ﬂinwileﬁﬁl%ﬁumes (i.e.,
sources eﬁt&qalttcr @9&&9@%}5 as‘i@etlﬂs Fr&R ok ﬁﬁf‘:!o%@'% @S Qgﬁ}lcgst mtemal to zifac rﬁrglfab) to affect

tronic quantl les Wt

the Operaflg’g?f§ PP COHMERCHE AD? foelaryi nths CWHGPPH‘{‘PMW &<l mﬁY ﬁ?OI opmprise a computer
system 340cijiat ésepbie of AsfopliySiatials 1:3ks, SRRl daloil Qg \‘ltlo&héaﬂorfs Iaxevanous parameters
and geneﬁﬁ}g&%tx%r ﬂ)&?ﬁ%@ie%% éélt \‘?élrxgus extergalli .Sntj rr?nte%{ag%faag{x?j%Qﬂng%lgarameters

ormatl on storadge, transm SSi
ray then 5 Yipy 9 GPP} DSROBTOTPETHSZO0BHOBRT 44 ctoryite. V1 | @, .

di& ;r@ processes that are involved i n senm conduct or
Tlﬁ@jtéfe&@b@l Fib&so c\%ﬁns@a 1# process wmit 368, 5 2 proce%s unit 370 through an N* process

. n1con uctor wafers
unit 380. sgrﬁ £ ‘ﬁ‘&%ﬂ%"r b e J00a TRY SPTAPTISS PHECOAITI0P R PSERsiRB dools, a process
through multiple nanufacturlng process tools.
Enbodi nents of the. presentginvention provide for
predi cting and/ or assigning process data for wafers
that were not nmeasured. Process profiles, process
variations, signatures or tags associated with certain
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5 nmeasured wafers, etc., may be used to estimate
Wiy Reesssddat a relatlng to unnmeasured or non- Sa%@&ﬁ%gmwmmmu

cehtr&l’l%%ﬁ@{q?%ﬂg%‘l Elﬁ%ﬁ@ %}!elg{érg)in Q\%Féela;lnr?ceessgle Lﬁffé’)née dgtl)éxlegadv\é?pélp 0 S]B 1% through
N" proqgss upity 36539 aremexidertia E*g\*fe? ?rela@gyp@madcswmn bpat e dat a,
and/or other manufacturing-related data. In one

e@@@ﬁhdﬁﬁ%mng 2 Faéﬁe 3,MRL & le@gé@ xqat aff'}soI J&ﬁl&)llilsg %SdaH% 0 a?é ngty 390 that is

t
capable é}?{ccewm qglénie g?décay &}alteﬁ“eé{&"%’agiat 8 e Fs &ég”@éig'ig ﬁr@m the vanous processing

units 36@@@(} alinj oop erolrodinjentdtodlgtag dolamtay oafidr 3 prsswe 685 gasHDKv rate data, temperature
data, huﬁﬁiﬁﬁmt@mlahx&' tb Q@ha%@rra%l)@zgéﬁ ngﬁ::d %rom.%ymé tgcﬁll Y edatjag o ?t Fhit 390 may also

i ng hi ckness
consn pEPPRE it f?lt“ﬁ% @ﬁ%ﬂ%@ﬁ%@d e | |Fa§theﬁé*a§eﬁ @?féﬁﬁt“é“ 390 may store
estimateg ddiod dniliagpfflifie wemoppdaci relithe grap hynpFe AStHROBIES,, Hatiht Renbination
of actuall 'ul‘é@ol rHaQr}@latﬁfgrttQ %n%%'g Wafepf fax{d' i ud{)&%lro?g%( d;ing re%ttné% to non-sampled

i nclu nmet r ol Og IS S

wafers, fay pe %’Puptfh@gﬁ't%ém R 6ﬁ°ftﬂlféﬁ/\9€mfrmq¥glogw @@efgswﬂlgpretessed wafer. Inline
and/or offteingotidgiciaelmpg @ ssbstadiQ ity alf @ ihe SRR £vatdBof ol 1BE be compﬂed sorted,
and storé@ﬁ e Id&tgéforgg%gﬁs i SRY Tl:xeecf %r oI’age mt%? xrnégq%% e%gsﬁtlpg{legtssg}a %Iﬂ‘é for access

rocesse em con
ofits °°1a%'a>@@§ea CQREORRRS exterprl a’tdf?emtemkleo the Systald% i onal |y, a
statistical confidence factor may be cal cul at ed based

Hﬁ@@stémmfr%}taléli b(ﬂﬁ)n@@tn%delﬁg [uﬁteﬁb th9is oabéb%eto@{nbé‘eﬁllx inline and!or offline
he stati stical confladen

merology GRSRE 0 M PR S PO ON Rl s S5 P tol st dt,
metrolosasiste quaam@tﬂ’ sty Wdigs, woithetab ghalyst, hdloagy daa bacdsLhatineldg, did may be

used by ﬂﬂ@ﬂb&ﬁl’fgﬂnﬁ gBd"t@Eﬁ'f‘ﬁn arMpbnjohﬁﬁtﬂg ozeémlggto%{} ne ggt %r{af%r offline metrology ... .. —

estl mat ed .-i hl.I ne--and/ ofF ot

.datarela t e?tt Venge cm i oRssagle iy
Y BP SR AT e Haem Agwe o s dondeR %#@gmr@esampled wafers

for readilydefoditagng idénéfi@s®i of hapatsadfledvagrest i mat ed |1 nline and/ or
of fl i ne nmetrol ogy data to 20 speci fic non-sanpl ed

e i al erf ri ous
VBN PRk ERERE 6 Brvan S BN GO o P o, e moceting
unit 330, &34 [ogssGogpriss ﬁ‘@fé@% g S@f@lﬂfﬁoﬁﬂﬁ‘aﬁmwan ahiysir ;py begoinprstddf eny combination
thereof. PRORASHrag i394 Hay fn?nse @\qgingﬂy QhAb ﬁ()rtlo;l AT el ln@zﬂﬁy storage portion
tostored%ssomated wi th sanpl ed wafers dropping out froma
roduction line may be attenuated as a result of the
avallablllty of estinmated netrol ogy data relating to
hHonrsanpd Bduradfabisk dta'guerrmc'ﬂep@udﬁ(bﬂ\thé ﬁo&eb@hﬁtﬂﬁﬁi&%ﬁn wc&@&ﬁce with one

illustratxvg ieﬁgfd@l@hgﬁ me %Iekéﬁnn%% 155%‘(?\}10%5'] Edc oiatﬁé: r(r)c%sas if8 3\% S%BI aﬁ comprise a

blustratlve of 't resent I 'nven
fool contgogler §1Q,tht dpgpable b C%fg'f'g‘t"é&ﬂi%%faew |ﬂ|p§ee81ag eelr#89 mid/or a metrology tool
440. In apo ust@tiveltmbédirgeht) te pakestify tod aﬂﬂb;iy&)e ah etQV l@élsﬁ&bcﬁ&m@fdg a chemical-

mechamcgi Bﬁsﬁfnﬁ &ﬂﬂl) I@o%l agﬁo‘?o“?ﬁato% gp%y POBF or n¥ o r too ?a?qbga oy ;f_:gcrcssmg semtconductor

rocess contro
waters 15, A metrology fiogk #4r iy W efcsmsmns alipasidion sfflie oweesyrigta rclating to a
processedtsexﬁic&dﬁdﬂﬂtwaﬁf H)SC ané ih&tolo@jﬂ toB440 Bﬁy B 2 mﬁﬁloﬁ@t@& or it may be integrated

with the &&Q&&g }.Ioﬂ124{3§ étse %r? 810 t&'f) H1a¥ reéﬁﬁpqaé g%; P;ésexajf éata to, the central
control u’]“téaé%l Therdlgta Mﬂ'&’ﬁdélﬁ d;hledpta intesfhae 42 ngnts vbadomraaicdl @srivad components of the
process wi BECRS, ifdindBig direcBt) (RAMESRS oﬁ&tﬁ%c@%o 1r'ogl A0 grﬂ?ﬂe%&%élgg@?@(ﬂ 440,

as well as frominternal sources (i.e., source

llnternal to a factory/fab), to affect t he operatlon

SPIIP Y S Sy AR Pl el itfeatiorselatiak to the modeling of
metrologygatréloing tiob-sadbld Rafgrsad &picted Rk HlfGralor QRRE B izg&h@sﬂﬁm may be
erfa ng.yarl qus I asks

cletated L NP B Sl o B0 0 "t S b EREY b BH on e

and generatlng control paraneters in response to

vari ous external and/or internal data. These contro

paranmeters may then be used to direct the operation

of various conponents of the factory/fab. 35 The

system 300 nay al so conprise a 1" process unit 360, a

2nd process unit 370 through an Noi process unit 380.

The I~ through Nd' process units 360-380 may conpri se

one or nore processing tools, a process
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6 WD 2007/ 032867 PC_T/ Us2006/ 032744_ j ' cohirpl8;~
\MQ({Q@K);}ﬂk’; le, ~' ~"dtiz~"for perform ng vvafer PC"IL’USZOOG/032744

t.ail ed criptjons, | s
m‘*ﬁ"ﬁ%@%ﬁi‘“@%ﬁ* YL A8 AP Go B Bl A% g1 i pocess varitions,
ﬁ‘ §ure 4 and acconpanyi ng description bel ow.
Continuing referring to Figure 3, the system 300 rmy
a'A% QUG i ﬁﬁzr@Sﬁd @E@stﬂlmﬁﬂ@ar %Htxgnsgiﬁ%a} Epe%ve'lo%tal beg.p eSn vanous values

|V|n?l|n|ne and/ o

rlating by i e oy e bt eI ARSI G Belp oAb o hustative
examplgr Hakch BG6-0B BXers tnay @mnerise Wbl o# Inixiatigh wao#30S Babkal widkan B Yatch may be
selecteﬂ & Sdiual rQeaElﬁ—é?r%ﬁtH r l%r %Lﬁ?‘i d,lvg@e? &1 Lo #’let\}/afer 9&0 dnd wafer 130 from a particular

fot ngerature, data r
© mayabs" ?‘eglf‘gd"%si“ﬁ“ %“ﬁi“&%§§? niy itestspted "Fﬁ’éurelétftL ahesnemla@eneasurement of

wafer #inndy [E90 R el valeant tad ﬁetmyfn@@shn‘éﬁléxﬁ SlHA 3 vfa?ek #1d AY result in
metrol&g? VQIE@M‘I PUR réﬁ%%rrge%ﬁn?’e%]%@ r\éﬁmegrtg wa’f%lflr Eg mfa)h resxﬂt in a{ﬁeérplagy value-C, and

or age uni t estl ma
metrology PlFﬁSW@“%{c}amgdwafﬁﬁ@%mWéﬁsaﬁ inptrplogyrieine-Bafipbetita points may be used to

establisp roo caRech wadr eﬂﬁmnshl@ f&@tﬁveenttﬁhem&my H@Jsbr@:ﬂents‘%ﬁd ﬁg LRl wafers in the

batch OFBI ﬁ% 9 oﬁjs%%) {gomacxtd‘le wqr ajgr?\récrs g]%dmttc\g?ﬁ:fgwmé gﬁdﬁréaaoni@, which may be

a fa“*“’%&?%‘mnmvlab‘@ cgrrf@ap@@vei slyttchie the iourhayfithalico mblieiskips et
of metrology data for each processed wafer. Inline

andh Qern@iifel ehaﬁ%nﬁﬁ; &91]19%&10‘1@%@ dgs% i Ioﬁsr}%at%dq% F:gurcs SAt -5D m%}’ also apply

ers 1n

o AR ity et efisaidr e duotn el Gipeieo negemens (o,
value-AyRj ¢, D3BDillusTthted id &itgare ShoDag coriildic 390t FRYot BNCLUES, ctc, Additionally, in

yet anothQ@TRLREM b iint, @le 1191\§YraftIQJs aﬁoc&g:??tmng rela{e& B P;g‘?xrrf]:% %&1 %l% gXiy alsoapply to. . -..

divid I.OUS _ comnponen ext.er na

indivi %Ggqsw%mmcq}ﬁéyagygqs@@ﬁ A ape a&r}s dn @]@nﬁprdg the metrology measurements

(i-e., valmd e, ICND, B) ftiubtraBd & Hiduads A ;ﬁ@ﬂﬁl@éiﬁe Qf 1dgRAR, kDG ¥18] Jefl6h 430, etc.
and/or offline 15 nmetrology data relating to

ngn ured or. .non-s rs. Various factors
Stich R B mppepg ik A o] 1P st aesiomBi dlirkipdt i Figwe 54,
metrologaypblpseﬁlam @rasnonsingled stafee &¢.2. awabry8 55 mai bs teadily Qﬁifo)ﬂfﬁte’ﬂ using the

graphlcaﬂ)ﬂlﬁﬁl@t&i opﬁﬁtﬁé@ﬂ; Qfo§exaﬁ1§19 the n&?%mgﬁd WH.‘@I’%S RX % rgf%ﬁjl mctrnlggy value-
man ap rOXInHtlon or acl ?a

e, whio i oe &bt o Ry B B e At 0y P kvt ot i
the metrn]ggy whrpl sdowsferd hﬂlﬂ-d']@d&y&ﬂﬁﬁhﬁbﬁﬁog?&ylué agmtgh& wafer #15. Simitarly,
timated QRS8P AMs Wah&! % aRd/ QL. S
:a; uu::ra 1:3 al @gzp CIS r tt a% : n@tgcg' J%%ts%nﬁb?eéia?ﬁ[}%n \‘t\!? eadf? O?Ppmmrlﬁ%}e% dlsmg the
® a“\?\fi‘é?%tfog PR HEEe ¢dnponent s i | lustrated in the
system 300, including the central control unit 310,

Ak dluande i Figure 5B ahot@3 @xemﬁfaﬁ/ modBBy cﬁgﬂmﬁd &ﬁm]ﬁ‘éﬁﬁ]g %ﬁ&émp between

pamculalsx?&;ow n]%nrgén?values a ?19% Hols) \Far}ersrﬁlél batgll %qnépgyﬁ % mﬂ;hpft dewgdeped. The
me&OIOEWaS@I@Wq lating toavafse ¥l cofet FBL wpler #200amd al&femE!Ol maSalBeoincide with a
particulalREMIoYy Sdl&f@i}ﬁhxpg{ Jcbe‘BﬁbIe tRe Sk RifRd g@l%ﬂ ‘of -EH,FaHAen g‘h&%ﬁ, A3 estimated
value (vaﬁm-g\:)’ {lla%%'cfs%%léé 10 A P%C&‘%?%%H] d%s%egwagg @gh §5vaifer F {;gg ’S@t"iaﬁi‘é‘s sampled
wafers mayyhayd ipromided oétrolole vabee @it an Aegdblettngt $F PEBLLEH G- AEaéﬂhcceptabie
amount ¥ fstalidhal QEQQ%@mHﬂ% Sl v?hgrp ee O?n%q{;'é? rn!)xis.v]%in@ed w%)fgrs also contain the

troller 410 I's cap cont
metrology el e B kel Pﬁ@onﬁ%fe BB B cHmaERrGsgyosy vale

associated yigh the d@iplalymeloisshiplplouiitd @ tFigue sBriyadi béﬁﬁﬂgnce xﬁéﬁ}%e reflected by the fact
osition

that the ﬁ&%ﬁﬁ? %Iﬁ‘fgretaﬁr% ﬁodtg’e mEEEMerwafars 6gte?alﬂ¥| ctﬁnmd(e ?’8 &ﬂue A, within an

, a chem ca ani ca
photollthography tool, or any other tool capable of
processi ng seniconductor waf ers 105. The netrol ogy
tool 440 is capable of acqairing inline and/or offline
nmetrol ogy data relating to a 30 processed
sem conduct or wafer 105. The netrol ogy tool 440 may be
a stand-al one tool or it nay be integrated



10

15

20

25

30

35

with the processing tool 430 itself. A data interface
wdhoneyssecei ve data from and/or send data t @i 8o006/032744

[ adc?ﬁfhggwa’ é?#l o &) ﬁ:ﬁ&?l Tél%:@f&ﬂ §1-e(fauv 23\ gﬁ%}r@g}% S Sont %g(;{slb%wsbe associated with

nt er ace
aSS‘gmﬁ%‘h"p‘B‘ﬁré ﬁ%mﬁfur‘i"l"?é”a‘fd?éé‘é‘%%eflﬂﬁts 360- 380 i ncl udi ng
directing the operation of the processing tool 430 and

t i‘h@urETE?IU Gh:{ﬂ%y y@tOﬁxlz)thérzlﬁlustr-g&'\rengﬁﬁguﬁpw,latmgnslf b Hdluech %as%gd metrology

stratl ons rel atlng
measur%lnﬁenls Ie maf?rs égﬂ ch]oF £ 47978 ojtVF H"@ may) change based upon the
actual Wﬁu@gﬁmsgxﬂ wa\fa:f#ér yafms#l@{epfec 8 and Wer #I0L (Fsit 4 pekibd6Fime, the modeling

unit 33%%&)&8@1&@&&&9&“& of t@e’apr&@sﬂg%olkggch t&%l&%hﬂn%gﬁcﬁ%ﬂ}oggy measurement

maybem%t ti Ig'gc s tf t (g. varlous g
Fer At o eRT b“& ?Fé'iﬁ 7&?80% g B*ﬁm&’é% fySigp-liky frpgtiop W@ 7he@e28EH. In other
words, PERfeUSD 6084 082 Hddblogpmesbremdrt vae of 4, dBhalalsr Q' ﬂr&%iﬂﬁ%i and other

factors 1@1@1& uself Meitopﬁladzg? %@W&Qﬁ subJeﬂ%Lt v% A n%& alg)o p&ssess e metrctuloéy value-A,

data, process variati ons,
illustrated in F|%ure 5A, a substanti al I y |inear
r'Eitigng Bisansihed. valyr Bana be etiopetio bt the extrokay ineassenialt wdS: of C since it

is relative®} etbse Ng sdnlep &J’afef ELOL arhlcmsf M@Wm%@&i@fn@ %g‘foﬁnd to_contain metrology
mcasureﬂﬂ%ﬁ'ﬁ %’aﬂxte%d Sam1pa G2 7 ot waf ﬁ MRS

rative 576X an‘%’l doay ke Bpé’f"éﬁ"alf 19 "8’3“"6? mﬁ\‘zﬁ’f’“é?’ meppgiyment value
B, since thgipiqlly sanpletl avpfer 20 raspliod ghnenalb ormet @B meSerer | Thaasiitacs Bvel of the
relataondlﬂi)&lh@ﬁtd&hn PiBdte k@m%ell'e%@ 1o xfaﬁle a@@&n%ed {S%%%Hﬁ gRD %e%el ogg‘%ure 5B or

#10. wafer #20,

of Fxgur? X8 thu% ppacrnixcfe 6norealfnearm%iltaom§§ps b@gg& Pe dl{uétaltef R Fonétexallylxgqvtng ¢ypfue based
upon the@fatuﬁ@tepsgte@gya thateley, mobiding 4 bwetcoidiiade vate btigutteeh&Ao the Bfbroximation of

metrologP&hIHR L Y- WWaﬁfﬁem of wafer #1 may relate to a

metrol ogy val ue-A . the netrol ogy neasurenent-relating =~~~ "

" to wafer #10 rraié result in netrology value-B; a
FEPEEPEY° HEWE JPe e rremplay aon-Hegan wlatgihir botmen thaymenssad| wafers and

actual métrologe ineShragynt Vaik4ie d@;cte&nﬂhe]ngn-m{&}v@ AMstHERS) @fg@f@%lﬁtmay be modeled
va

or predzzfte%lugjhé %at a%ur\é@va?ue oﬁ’t wafe»b regtétaugtnbmego&gg%{h%ls% adwfxeasured valge of wafer

#10 resu&as SO PRnBas meshiad vowsh piyebleentithe mretlon! oy C; and a

measured RS WF SARIV36 rs%l[lﬁhgtﬂﬂﬁ w1 USBS %5 %Iuktﬂte& H}el:igupeagifla ngﬁ linear curve
rela i ons nci de wth previ ousl

may be ﬁ&%%&gmaseﬁ b, a\e/ vg?ou%‘ﬁaaw{;a?chtaf &q?sgx)ed VWﬁS’C]ﬁwW’ﬁggekfg tog} behavior,
historicalf datat tgp! state ditat e ierlikng This nel-lkirvdatoohiinthe peeidk ey &kimated metrology

value-E mﬁdqéﬁdn@&nﬁl& wang #@C&IW ngéétng;te Bﬁﬁeh’olb%fue—f: %a?{)é a%Q)%Qée@ with the non-
I ment | ustrations

allve e
sumpled el B 88 b5t Eepg g i eLe S traryrosieei omﬁbwe metrology
values asgoGiated) wpth dinahaenedd wabtrs the condidléres Bvd] imag beaEliely ibwd imah tHéabnfidence
level assobRTc@ bith thk Eho%tlﬂ% rm&gﬁps rm eH?xf !]E %}Jgfg 9X JME& u’fhﬁrn%re any post-process

rg val ue- A, trated
analysis pay’ tglﬁ lﬂtgy;ccglg}t }h§|agf>@t P%coaﬁqleaqe rglating iy the Fahgs aqsmatqgg{;th non-measured

wafers. etc. Additionally, in vyet another alternative
enbodi ment, the illustrations and descriptions related

Itltﬁiz;ﬁ% gy reﬁ%pﬁ'%r I%P 1%% S rrov\lNgg g&ﬁ%{ﬁr«ﬁ Qt"‘e%)d ﬂg:n}{)g%mg Hr{u} §3é) may readily

provide ‘“Wa‘fa@f’ )mh“F A Héfi*mwptdﬂéorgy tvhlgesrvstorigbO gyl n@asdsuepGE-gmpled wafers.
Those slu(léd if? the aM alold@ 'alﬁsrecﬁte otksr rgauohéhlpy §1¥1)'/' l?etfgx%eéi Eha #Jiogﬂireg as newcr data is
egl

corr, ategoarelon #1, region

received %rsa roxngg%g %&%y gaI?eé 9 Fpn- vtrfl:gévaﬁzﬁsd@d Iyﬁ éen@ﬁll Vﬂthgg@ spirit and scope

Ofﬁlepre%@tvmﬁ@pnng the linear relationship illustrated in
Figure 5A, netrology values relati ng to a non-sanpl ed

[ ted
BN b0l Bt Mﬁ?‘%’%ﬁ“ SRRy uf e S5 el g Eeed T rdance v
an illustrafixe ¢ ?démenf %@s&% BN Weetided. 4 Spnegmpdoiin systhe. 3D tray process a
nmet rol ogy val ue- E, which $my be assigned to wafer
#15. Post-process analysis of wafer #15 may take into
account the fact that the netrology value-E, is an
estimated inline and/or offline netrol ogy val ue

relating to wafer #15. Simlarly,
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25 estimated nmetrol ogy val ues relating to other
wonosesrpsed waf ers nay be readily apprOX|nate¢d¥%gﬂkwman

erf 5 t t A oy | Cg od LN
sk G A O oL, BB B Bl R bt
not ““&ﬂﬁ dal acd‘fpa%“foarpr@é%ssu i ﬁ@h Pioeest: @l ghofobthegiiphy bretevse @nchemical-mechanical

planaripgiptt (COAP).afc. MHaiel Blod Giys p&’ﬁb@s‘éﬂg %E@&gy\dﬁ!; H8She eréﬂ%ﬁ l'se@édt%c(ij wafers (block
devel ope

620). mge%glgctéd%a rsbo§ga:‘?§le9 l;va%ers nzfy be 5% “T“gfi%??&f‘% Wétf%? pr&cftenmned plans, For

asurene
examp]\%dF @’ider#fg. Geve%f Breagrplgtionghirgrelatiiede m¥8gy malyes &lr Imegsoied Gridd@n-measured

wafers,Wiafehs i@pad@ulpefittivad e al as'@ﬁ&f @fhlﬂﬂx\fer)vﬁlh}uﬁ seﬁec% bR bBus@Bents. Additionally,

redete L n | t ol er ance.
as procj@l-ﬁ G %E% ecgan nor eag Pwtr(%t%gé écsu gww%ca(lg)éqh%beﬁend ﬁﬁ%&’érmned levels, additional
wafers gy p@ sragied ¢ Rroyider mire excernte gelniomshipe bwies chnphl end ncﬁuahp@smesmlo gy
values. ViBb R rupdhlibs ac@lu@@ St el @éla‘" amhﬁpdata\@ﬁja%qoﬁ 5{5@%7 Qy be r*mrforrned {block

r val ues within an acce
630). 'I% glgtro?orga rig[e 46 pvlglfngé'o%ss gy pg)er@%&( etmating ngfnetrology values to non-
sample%wg'@r;; SMpl@aiptaltpé déscripgpcef mayneheog s BRansivh @RcRS it PRGN Figure 7,

mﬁamﬁ&ﬁﬁmﬂ@ﬁ&Tﬂﬁpbé@uwﬁferS al so contain the netrol ogy
val ue- A erefore, a certain |level of confidence may

‘§§St for. the estimati on of netrol ogy val ue 35

aAFOB ErsEen ol Iflqﬁrollogpeda@x:@w;i & splepted wtfere Asiihqpepomanaed the mnetrology
expansidnl Goes, h8remdifibg pxﬁ@ﬂ;fesl tdbe fa&fo?&ﬁé& oQQJrlwrv?fférse:ﬁaty%g cmplétaie(block 640). In
one emtfo@xﬁltant th ﬂétm gf am‘?e;& ﬁ:\gsrx% oc}e/sg gllélﬁgerpgggrg%cg% a‘fhf?é‘)c?/sé fsl?@rﬁ)g(med on the

measur e
wafers. \{p P’h?lﬁmatﬁ/e e’sb(\mem@lv n@@@%wxm@smma@ 6120 B2pkAdrmed after completion of

critical dripredl@erfnifiéd rpcessl siepd. %uﬁéehuent“@]cbrﬁﬂ’ié@mé thIBx%Ee@Jn% of the Qyafers, a g{gbprocess

e assocl At

nt
wus B0 b P L O el e BT B T
" include ceelaling #qgculagpc@tmr@e@ Gsdepidias pyrotmaateOtidie bic| b batGdulaainiiveSarameters,

inclndingicRpNin@/ad prdjRle@bob iz H iR, et ween neasured netr ol ogy
nmeasur enents and sanpled wafers. As illustrated in

Emggre 5C, _a range of values may change based upon the
£ AV g r7e6 mpag dridled fenjpiiprepf tha stemalf rerforttli@, thevakerlogy data

expansioff 2Qcesarfthlonkad3e bf H3e 6, FAlusRafe mh@@st@:fx adol rE% geﬂeﬁt% ammdgld 43en inline
data to nb&péaﬁmplgg’&- ulfihs Wafg}% ﬂ?tkgl&t he mo ‘rég?( {]Sﬁﬁf%’as fﬁ%qrs': t&awmate inline

4/ rocessing tool su C
and/or offfing mefrqlogx Ata relying ‘%@ﬂ%rb@%daqural’ﬂhyse folns imey @ritdefacmnal th@bred values,

the type piatréced beifg fickfofhed JhBE Q’ﬁf@zrs Qhe ﬂmﬁ&%@ erﬂpi@?thgt%%écpt@ @ o Ral inline
r eSU ts |

data, the gtﬁlﬂ)%w cﬁqhe s!apsugatl ana{ o alperéongefd ogl?heﬁ v F(a}megfnefnﬂ%gy data, historical
data, etc.p IB@%eg gzgqmnrge fng@ql aalﬁwd:l gﬁ fiaisticalf crofidens isréapclyed ged 0. The statistical
confidend¥0ft| beQlssopibieivEl tHe RBLAJISRY Sdidhne SHRS @&H&w &lida é??\ixetroiogy data

l.s 8ss th trol va ue- 1 zIn
relating t@ %ngamp wafer gﬂ EEV B ﬁ'tﬁ SHftdenge trr@y ﬁféqpt’etot how close is the estimated
metrologh’@{lqeéq @@yoth@aaj, Maheerthat tronid have berh olaigddedthé ion»skr&nled wafer been actually
measured( Gﬂhatstbt\r&slza?’/rggt‘ ﬁarﬁugzdxﬁegrnb%mh %FQS\G% &fcalﬁ%ﬁgyﬁ ?’Ufongedt usine act‘S‘/ﬂ measured
data, prior Quésgyﬂ%aé rq;}%tﬁttoo fstavaqaaehi@oncg} moq:egﬁxquooi mﬁ@pan#elemyal yariation of the
processingigpls,ghi mat ed to contain a netrol ogy neasurement value

B, since the actually sanpled waf er #20 resulted in
nfi dence | evel

Qt]m statben Wl g?n]uf ah\éa o5 %ter? don cﬁtzn?gitea ﬁ?t%reg@gﬁ%tspe - se;p;gied wafers

at | onshi A
may be Cﬁla}%ﬁd (Qlagbku'@O) a’gmsclgqyplaqlgﬁ mqglfﬁmthg oridisatle rdoglete@ welroldy value based

upon the Edloglifed s@tﬁnﬁl co];ﬁdeﬁ(fe i@kl c8cuhion W}hé:;lt}o Q&éavxﬂeg@logpcia%, the data may be

r..relationshi SC il]lustrates
assigned tL hﬁa%? ulaf ?on San ?er& fep f}lolﬁg lﬂg)z S'g['& SyslfﬁbW fnﬁ%algc {2 glhe non-sampled wafers
to mdlcat%ﬁngstm @grqﬂ;gy gata txdamaéﬂdy\vlﬁetm tonsgmgled WagBTs £ARMNY EGNGET data and not
val ue being attached to the approxi mati on of
nmet rol ogy val ues of non-sdfipl ed wafers. Turning nowto

Figure 5D, an exenplary non-linear rel ationship
bet ween the neasured wafers and



10

15

20

25

30

35

actual nmet rol ogy nmeasurenent values is depicted. The
hibpgar curve illustrated in Figure 51) may, &%3&906/032744

i ﬂ¢ﬁl#l!}(@%§1r§d§&aﬂ‘og%@[? aQ lﬁ(% 7%} ﬁléuégllgf? . h%ggggggc%glly\é%gagg?%ta to indicate
that majrglogredatf asyeaibted Wil Goscomiirs drm gctuahdaumtT}mlt@gyay\mimaeaBan@y of types of
soﬁwar%@@& %@r@w&@da %&Jn &m&% Ek:ﬁe%% ﬁz§z§y¥§ving %e é’ﬁgﬂg& Y grgzi%%{t dlsclosure The

val ue 0
sysem {0355 450 67 B o 8O OAE ( FSE FR bR o P 2
non-linear curve may be devel oped based upon the
Viatilizing she batddDiests oﬁh&fcs%znﬂ@ﬁ&ﬂﬁ:aﬁloﬁﬁhd&hﬁﬁw bk ROWMaRH 98h B processed

wafers, txrﬁﬁ\'ﬂn? %E}?s\élfxglgd or Ll'ﬂmgz]s@rgci &/gtjers ?.t rtohﬁ en Ileﬁzslt al qvﬁdag%gﬁ%ia \gﬂ'l the value

I's non-1inear relatlons
assigneds Lot Noprgtigtpd Yesferso | Rsep P theavalis-of tifoamon-tamelen omtes ampheichs the associated

confidewa fie@él, diBsystésh 801), ma?l'izrcﬁﬁt: b%ﬁ@anﬂﬁseﬂ?n%ﬁz@hé)&)&-p\‘&les’é @nag}gax more robust

pesorp s FRRRE WGP pBbE b PEAERF 9 SRPIRGH N o et e nehcing non
sampled g )Zlihpraﬂog, léqr sa@glpci Trtrés nobdvpibible gythe postipiees &6ps,ataia ad stitll available for
non—saniMeH vafa@ ?or %@@Q ﬁtﬁdcoﬂ@sgﬁlrd&g p@shﬁo&%@ésﬁﬂe BESe, MR mal e (lﬂgpd)ed out of

the produllati.ve confidence Tevel associ at

PSR ' “en% f“é‘f ‘r“i‘“ﬁ“é &) ’EPSé’P%\%go ﬁ%‘ﬁ}“ﬁ% IO PUSTPRIEE dPracessing Hipete scrapping,
rework gmea;n@, &B) mThex gfdiicantly amyaiplistbiliny © @essm cHiadht\isd ScolfEY post-process
analysis! ke pbsﬂb@ce@s‘:&x@lwbt mJynﬁ lﬁﬁglﬁﬂgn 8&@1&8@%&9@&9%@& %!’ﬂ? gop -%rocess results.

Admu:EF val ues 500|ate non- nmea
oAy’ pmorp, hﬁ;&)n{; t%lﬁ%’rﬁs}v &p ﬁva‘laéyfeé"?rl fbrﬂagwnﬁgsmw Blpfepidge. jGbodiments of the
present iRyegimauovBIALG Djoret daanraroalallsisd probdsi res'iﬁ@ba@@%pbrﬁﬁﬂ tifiMent development of
metrologdXY la:@v@ns%ﬁ?dr E(Bgt gallyml hﬁ@egs@@% 5. of f1i ne metrol ogy

val ues associ ate non- neasur ed/ non- sanpl ed

wafers. Those skilled in the art would-appreciate -~ -

R pringiplet pughs PR E oresl eentien/cabée frmlavsaedincinnalitbédetio@ds Control

(APC) Fﬁ&l\éﬁdﬁrk,@aéhaas la Tatalfy @ﬁleﬁ&%rfeﬂf of8HAa L9 )K!Lmehcﬁg e bﬁg st system uses
remai n

ST TR U L
Frameworig) pomipiept mmtt@hxﬁilqgm?, endis based boihe Rdvahced @6t CatroDfAPCHBramework.

CIM (SM@@&O@@SO%%&Q &ﬁbat%ﬁ&@ﬂ%&&w@:%%&%%&%&é} and@RpC (SEMI

ustrat] ve. e pr esent 1 nventi
ES3- 099§ f’rowbao al épF(i‘\ﬁca‘llPé %Fagxew?lﬁé&dwgefié’fﬁcgaﬁo%&pomp@@e% gpegifications
are pubhgy VB0 740 SRI8E 7TTHeEPLUBRO06k G321 didrred ,pi€brintfioni Ghitl/to implement the
control sﬁ‘a‘iﬁg‘_y IedugiQ b5 kile Fﬂrepelnt ﬂt'énuclnlﬁﬁ anp.:l 1&&199) the Ei‘? 'Egr!n%%k can be be a factory-

wide sof ocesseﬁlé‘paxer tgrrre ers I'TH I NnC

BE Yl el Qawd ﬂfféﬁgie? Bvﬂhb‘w&bfelg@em EeIEeRHn by mh@go virtually
any of theseplimphdubton rhn:gi‘aapimg tqok@a @s Factody m:lae e &!PC b 9 allows for remote
access and ln@ﬂi@c%g Qitthé)]s}oc(e 1%; rmsx'izé: Fuﬁﬁ %EOF hzmtg ths EC? gaenﬁaxsvorﬂgdata storage

metro e acqwre

can be me*iswafe"ﬁmézme Hlerilex anddat Epewsiye dian e deres sAhpARY ﬁvarlsallows for

more soplilayiﬁei igieh erbra! Rased: pHPaRs 55iEMAd bhioRl & @@)Iﬂﬁﬁt?’hﬂ%ﬁmg the necessary
mﬁwme£h€ For 5 exanple, in order to develop a linear
atlonsh|p relating to netrol ogy val ues for neasured
and non-neasured wafers, wafers in particular
peptopnens g the eongrol SU&SE)EV@hbef ike tplesanafmedmlion ¢y thBAPC framework could
require a ﬁlﬁiﬂﬁ? beadakRL cdﬂﬁ%h’tg effeRbifion 6 A@%ﬂoﬁ&&a&xlh?ﬁ the BPC BLOSSAS 2 computer

di.tions change or as netrology res
serfpt it GG 9 cpcdt I % 1“?’1‘1“06%%6&%&1%10&%0%&% fesganigol system. . When a
semicondetd intawdivaking waf e s qBiyol betescinphied i e Bérﬂbﬂnd@toﬁﬁxraﬁlfacmnndg fab, it
generally @E@I@ Uﬁcﬁtaescxr i It@z?ﬁlbﬁg 30LA%L % eﬁﬂ{ a%%egndoceasy d ngc(ﬂ[e]:r, sxlxcggglt%e overlay

9 ues. Base e acquire
°°n“°“‘*fd£’eea°°mao Pretbeds pr6 growiit %?ﬁ@%éaamqrfsweﬁ gbassssriptayTHo developrent of these
performed (block 10 630). The netrol ogy data expansion
process may provide for estimting and assi gni ng
nmetrol ogy values to non-- sanpl ed wafers. Mre detail ed
descriptions of the netrol ogy data expansi on process
are provided in Figure 7,




and acconpanyi ng descri ption bel ow. Upon acquisition

ngzomﬁmwgy data related to seI ected wafers a@tflmts (/032744
ans

" seripig. Pa@!ﬁ%}n {s? s%gxﬁ ggrg%nm:fghregig\% P?%IQ t@nt{)og Sf’{s‘ﬁ@o&&f mlplﬁﬁ%?ught by the
present b@ez@@n@p b @gler@tﬂte@exko @]m@)ypesloﬁmatmﬁctmm fremdyodisment , t he
nmet r ol ogy data expansi on process nay be perforned

afﬂe Shrii& BT Qn%ﬁ@gﬁg &sdléed%gét;\fe gfe%aqwe c;n!},easvl\?eflﬁre%ion may B8 modified and

ative enbodi ment trolo ans
P"w“cegr“b g@@@ﬂ*n‘ﬁ‘y CRiyalon PGP EPPHF é? thetsrgilled inothe @it having the begefit of the
teachings therpin eMMenadlnﬁmmeﬁs infh@ %o m&bhﬂeﬁld&ﬁﬁuct:@i or design herein shown,
other thﬁpmles%{}%cg gzgélp glg%g 9&2\&3 Sit Qg&grfefo}ehgmfé@ rt}ﬁ%%é Elarncular %xﬁbodtments disclosed
above %tbﬁ a‘lﬁer%@f/ lqulf'@gtapc?-/,ﬁ{ agh ﬁ@‘tﬂflq)ﬂs @gyco@gipzad within the scope and spirit of the
invention&ccprdBikly AheQL@EGoQugdiRicliSE & s8BYih in thd WdisdRIo&Or I el at i ng
particul ar post-process results, such as performance,
yield, etc., to particular |nI|ne paraneters, 20
i ncl udi ng actual and/ or projected netrol ogy data.
Turning now to Figure 7, a nore detailed depiction of
the step of performng the nmetrol ogy data expansion
process of block 630 of Figure 6, is illustrated. The
system 300 may generate a nodel to assign inline data
to non-sanpl ed or unneasured wafers (block 710). The
nodel may use various factors to approximate inline
and/or offline nmetrology data relating to non-sanpl ed
waf ers. These factors may include actual neasured
val ues, 25 the type of process being perfornmed on the
waf ers, the nunber of sanples that are used to acquire
actual inline _data, .the conplexity-of the statistica
analysis to be perforned on the actually acquired
nmetrol ogy data, historical data, etc. Based upon the
nodel, a |l evel of statistical confidence is devel oped
(bl ock 720). The statistical confidence may be
associated with the confidence relating to the
accuracy of the estimated nmetrology data relating to
a non-sanpled wafer. In other words, the confidence
may relate to how close is the estinmated 30 netrol ogy
value to a hypothetical value that woul d have been
obt ai ned had t he non-sanpl ed wafer been actually
nmeasured. The statistical confidence may be based upon
statistical analysis performed using actual neasured
data, prior historical data, tool state data,
hi storical processing tool performance, historica
variation of the processing tools, etc. Based upon
the statistical confidence, the projected or estimated
data relating to the non-sanpled wafers 35 may be
cal cul ated (bl ock 730). This may include nodifying the
originally cal cul ated netrol ogy val ue based upon the
calcul ated statistical confidence. Upon cal cul ati on of
the projected netrol ogy data, the data may be
assigned to a particular non-sanpl ed wafer (bl ock
740). The system 300 may al so "tag" the non-sanpl ed
wafers to indicate that the netrol ogy data associ at ed
with the non-sanpled wafer is actually estinmted data
and not 10 WD 2007/032867 PCT/ US2006/ 032744
f*, T6d5 QHy;;iKIt4's,"Nrdd;;;i~Set[o~b~, "tl~ta (bl ock
750). The system 300 may al so tag actual ly neasured
data to indicate that netrol ogy data associated with
those wafers are actual 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 disclosure. The




system 300 may al so store the actual and projected
data for later retrieval and/or analysis (block 760).
5 Wilizing the enbodi nents of the present invention,
nmetrol ogy data nmay be associated with all processed
cyafigfs, i ncluding non-sanpled or unneasured wafers. A
~confrdence | evel may be associated with the val ue
assigned to non-sanpl ed waf ers. Based upon the val ue
.ed wafers, as well as the associated

o eﬁlg d, 2 mé 1sin
confr&% & CRVRI S M8 he system 300 may provide various

anal &S@ﬁmg,ln%lsﬂl&@d NdinR QSdtrols QCRESrc Rk YSh Sirst A/dﬂﬂi’lé’ce
robust post-process anaIyS|s is made possible

pr ovARIFHgmgaramgEeloey deta¢ompranding o srsend e@nlvmcfc@rb@scd upon
| n S Ther ef.or
sel R HAD0 A et BTRIG T T R R BIBRSS EBrobcedimgtrolosy dan
rehtiag e sadditaons wetliditccamal | abl e for non-sanpl ed wafers
for nalysis with correspondln post - process results.
cleripiiag 8n epipatedlpaela %%wdskatlér to sapbPigyesERdaDetEtogy
daltel mle@brﬁldr& BN WERRS wcplcg@sons (e.g., re-routing to
al ternative processing stgges scrapprng, r ewor k
processing, etc.,) may not significantly inpair the
abll e for ci ent and accurate post-proc
2-anal b?y'ﬁetg‘?%g st p{“Hh%rs%“%‘é!“ﬁé)ir%ceﬁ%% Béptﬁa%‘éf&* WB@WICCC
correlating netrology data with post-process results.
15 Additionally, nore historical data may now be
3. avai Thephethpdof ¢laam her 2,a\mlaﬂr9:guecea~tmgamcaﬁue¢d mimvedata rclatmg, to
rovjde for
salg T SF PRl Poeb%sr R SR oeh g v S R o ih on i Simed
upehkaidifentwelepetopment of metrol ogy data expansion for
substantially all processed wafers. The
princi pl es-taughf by the present invention can be
i mpl- Rr APC)
4. Fr an@ﬁ%ﬂ%}ﬁ(@% hfg%r@norfa‘%\fggifrg?l 3 ﬁﬁ&% @181 r%sti)x(mgb?rfoéecteg inline
dakly KLA Tencor, Inc. The Catalyst systenruses 20
Sem conduct or Equi pnent and Materials International
(SEM ) Conputer Integrated Manufacturing (CI'M

Fra e 1B S, LS. .
e e L
CO(l‘%thlEg 1o 0689nd vRrbpies anglrisSproddlingat ictuiofidiip flldving to a

ect E93- 0999
Prde B R g G St SEA00H R OV i KA aating
to Rli@earsssCont rol Conponent) specifications are
publicly available from SEM. The APC framework is a
preferred platformfromwhich to inplement the 25

cont [ ht b t he present. inv
6. gond SRR £l e @b 1 aRBrRc Rhne BABL g for
detstrdinod lewal & cd}Sd@Re 1éI§lﬁ{ge;f) Q4i€ prdB&ed HNnE Ghta.
strategi es taught by the present invention can be
applled to virtually any of the sem conductor
f r anﬁgg\&%é({w& atng%ln§ O?Qlf’i}nbsel %aﬁlgt?l(t. yC nllcp(?%{ng %Iéln% pOSl process
anatpsis tedatinggo efidtihe zmdGErdSSccmdr\ﬁcﬁkmme)ase‘awﬁoh%Ewar Retrdpgy
utrllzln% t he, APC {ranemork data storage can be nore
daia 3rd s oRYCRHPEIPlogXidBlRe, and | ess expensive than
| ocal drives. The APC franmework allows for 30 nore
sophi sticated types of control because it provides a
8. si griht medintd cfmoy e of clhinexi-Bj furthyr dompaisirtg avquiting tool state data

ecessary sof.tware | o t.of the control

e QD 3B rratgnibd By A 8D LR RORHEEh onto the APC
framework could require a nunber of software
conponents. In addition to dénponents within the APC
framework, a conputer script is witten for each of
t he sem conduct or manufacturing tools involved in the
control system Wen a 35 sem conductor nmanufacturing
tool in the control systemis started in the
sem conduct or manufacturing fab, it



generally calls upon a script to initiate the action
that is required by the process controller, such as
the overlay controller. The control nethods are
generally defined and performed in these scripts. The
devel opment of these 11 WO 2007/ 032867
PCT/ US2006/ 032744 "so'r~t tC ~l ~{gnpri6 ja S.J&Ji P

9.A. ht Thomeihod obtlaithd, diselnoppenimaingmensivgolats ysireponding to

The principl.es taught by th resent. i nyention can be
TR (L S S T R N
mEAAPRMMK 9-histhiGeal Blelrb DYl AhtaCROAHLBEM: Sindd 364 Eg%%d%hﬁé’ &

are illustrative only, as the invention nay
refapign$lile detavedn ppreassirigod daidrsetintifverrkpicchatd wojected bt data

mgﬁﬂngrsragggreqi to th se_ﬁkilled in the art having
B2 % R P Ingr0Tspid Seeond WrKPISeR "herei n. Furt her nor e,
no limtations are intended to the details of
construction or design herein shown, other than as
1HescHrv@athon of pey encattrpbaine |l dwiurther cemptiting efsignéng a tag
J: . 1 I [ odi.ment s di scl gsed :
oSS it Bl SRR P BB TR T 158 data being
asvavidted Wwiihsaidrsecananserigieed W thin the scope and spirit
of the invention. Accordingly, the protection sought
herein is as set forth in the clains below 12 CLAI M5

11 ARRIARL o QHBF%SI ng: receiving neasured inline

metrol ogy data‘relating to a first workpiece;
apprmxfomaiigrglineprootsgpodatisst carkgs@ondi ng to a second

wor kpi ece based upon aid nmetral o data relating to,

i i %fﬁeﬁﬁ%& %@iﬂﬂﬁ%@ i iz &yﬂéﬁ‘%%cteéaﬂ%%gr %818&9“1 first
prfl@ka relating to said second workpiece; and

determining an estimted | evel of accuracy relating to

sai dbeprovingtsedl fiust protwgypordas@osdmodgperdi ng to said

secaond rkpigce. .2.. The nethod of claim11, further

cong Pt B BEGuefa AL E e oS AP it e olgtS e
relitihf adsa0d figsd alomkpicc@l andh Wherein recei ving neasured

inline data relating to said first workpiece

conplefesminipg g peimychaeteloayataaelatingloanidigeand workpiece
RS Ot DR SA  EIRLKPLEE R B

saslt fost prgcs apesdi@theoldgnelatagdadcd. 5. The met hod of any

one of clainms 1-4, ,vg?er eiog appr oxi mati ng et rol oc%)é‘

dat &'°IEBHHEE BB ABITRICY §Ve o GEDIRAISIAKPS Erwiteiipraligetrology
da[ﬁ%%ltihggo &l edBhd QRsiker €l ating to a process

perforimed on said first and second workpi eces and an
inline data value relating to said process. 6. The

; ™ h o oor f .
122?;%%‘%‘&“&& gﬁg}u\%} L%Frg}iae? on%%m Igl:g Ictrc]:gm%iel{g a°12%%? cgnﬁdence
relating to said estimated metrology data.

13. The method of claim 11 or 12, further comprising processing a subsequent

workpiece.

14. A method, comprising:
performing a process upon a plurality of workpieces;

selecting a set of sampled workpieces from said plurality of workpieces;

14



determning a | evel of confidence relating to said
projected inline data. 7. The nethod of any one of
claims 1-6, further conprising perform ng post-process
analysis relating to said first and said second
wor kpi _ ; r . nd..sai d
pr o] SOFaRE ARAFH0RT, Bk Pk I ARG
cl ai medding,a hetrélhey doonsticsking baveenh shid glureldly of tatlepieces and
data .relating to said processing of said first and
sl aenired PP e Mo alos) dah or SBERRSACSSE ol ai m 8,
Wher @inBr-8RP HRLIBY mBHoIBY Hath 94N b%oﬁ%ﬁ&?%ﬁ%k;ﬂgce@%ased
sai d” second wor kpi ece conprises using at [east one of
uppa;sdidtoodelet wlatioddtizy, an inline neasured data, a

hi st ori cal trol ogy data, and a t.ol variance data .
for  auame R iR oG Bisy SiaP g Ropr bbbl etk s and
sai dies@a0imds WobkRi@ee ABcRE) @SthRAchithdyBsdd@dt@! with said
relating to processing of said second workpiece. 10.

proisetefandidogof dasmiplaing o said ne-pampled wotlpiecsar
conprising assigning a tag associated wth said
second wor kpi ece indicating said projected netrol ogy
15dat al lzeimadod as slamh a4 guriértcb mpaisithg peeRmin g skt e wadkpiece.
A method, conprising: performng a first process upon
a first workpiece; acquiring netrol ogy data rel ating

140 S@n‘f&tlﬁdd’,%?m}ﬂ%iﬁ%i ece resulting fromsaid first
ormn

process; per said first process upon a second

wor kpireceingrogetdsngpaen ¢ pluatlitpnSworkpixetsyeen said first

process .and sai.d trol o data relating to said

P r oE ik au Soriiat Fer B sica Fg: S Lt Raployd kbteces:

et rheee datudl lrr@d_r@t)%gf‘ Hath el 8 oto SEIEQARRAp AR SIEE s;

resulting fromsaid first process based upon said

nmodehddaiingfa nseiidogyedast redationsipp betweer said phirality jof storkpieces and

rocess, and _saij )t r ol data; and determ ning an

SaeéFﬂH%?%@c€%®%¥ggg?gﬁ@ﬁﬁ§§$ﬁﬁelating to said estinmated

met rehegiing @ ?tc@ed’t@d Rbirtiggd 0ats adl6ki 500 od-WRbleR I v GRpieded-based

The nethod of claim 11, %urt her conprising determ ni ng
upgn sgidenodsfingonf i dence relating to said estimated

met r.0l ogy. a:. 13 0 X Wy e
Fur cher s Pl mo U RlER e B4 T O wbfipiocey ond
14. datomeidiogla seaspial sintigence level relating to the accuracy associated with

said projected metrology data relating to said non-sampled workpieces,
17. The method of claim 16, further comprising processing a subsequent workpiece.

18. A system for providing data representation associated with non-sampled
workpieces, characterized in that the system comprising:

a plurality of workpieces;

a metrology tool to acquire metrology data from a sample workpiece from said
plurality of workpieces;

a controller to approximate corresponding metrology data relating to at least one
non-sampled workpiece from said plurality of workpieces based upon said metrology

data relating to said sampled workpiece to provide a projected metrology data, said

15



perform ng a process upon a plurality of workpieces;
sel ecting a set of sanpled workpieces fromsaid
plurality of workpieces; 14 acquiring actua
netrol ogy data relating to said sanpl ed workpi eces;
cdTREak: tBQic%rrﬂﬁIcraﬁlte%’lalgék@cf &t &Lﬂu‘a@ﬁ F&:‘leﬁm?% hEn ﬁ@kﬂqatcd
plurality of kpi eces and said “acqui app oxI mat e
mpteelogy dgy lfdamr@ tb(smdsaale@istmmmsgamg@ﬁewcakpln@e proj ect ed
nmetrol ogy data relating to non-sanpl ed workpi eces
based wupon said nodel ed rel ati onshi p; assigning said
101 0] ‘Bied SetcHESTDAiRONR, ddbRid S 9&0@6%9&'@@1"@5&@365 a subsequent
wor kpi eces; and detern1n|ng a confidence | evel
weikpEEf.ng to the accuracy associated with said
projected netrol ogy data relating to said non-sanpl ed
wor kpi eces. 15. The nethod of claim 14, further
Z(I:OﬁpflheSsiy@@anﬁSlimg 13, whb&ﬁmﬁiw&ommlkzpﬂs @&entral £6utrdh unit
met hod npri si ng: erfornln process upon a
caﬁiﬂzlfs ar quyl%lﬂnambnafaem l@t@fsmogeéﬁ é@% ﬁ@d #luality of progpgsivsds each
I
CO\ZQ@{JUI Iea?]gc%g{: c{n%g%réc%kgn 105[ 3 d&éﬁ/og&% ?@g{ :ﬁﬁ% g?&;ﬁ gontic})llei for
coganingct Wwastipe e€ esd pmdﬂingrtgoiaamifsarcbhetggloggatoai
rel ati onship between said plurality of workpieces and
said acquired netrology data for said process;
219€enefiat s!y@tgmaomlhzloﬁ@ bEaitR! 1900 @ Whetlah Saili SRk iBQ ik @
non- sanpl ed pi eces based ‘upon said nodeli ng;
segtigmidngosanigr.pr oj ect ed netrol ogy data relating to
non- sanpl ed wor kpi eces; and determning a statistica
confidence level relating to the accuracy associ ated
220 t hAn sRdasatiy, @bﬁghgd& metrology data relating to said
non- sanpl ed wor kpi eces. 17. The nethod of clai m 16,
f ur theontreBerde iappieyinpio easesporyling ngbslogh date an@ﬁo@ &east one
MA
ol S IR A AN OSSRVl e g gron

md:tmlbgna(ﬂdtﬁ FeatiBg s e emﬂpled svomlgalecac tp|plﬂdi\&ﬁ¢ & yrofdcted metrology data,
a netrology tool to qui re net dat a

ces; rolog
sailiconrals SARIFETIIOP REFEEAFY Brieeli deutppLehng o 570 Abproximated
mé’fﬂfl&, &l elat gq?e il 9l le&¥t ohe ngl‘?-@{uﬂéi'emo?k}ﬁ&fer espondi ng

met rol ogy ating to at one on-sanpl ed
morkplece fron1sa|d plurallty of morkpleces based upon

t | dat t t | ed .
SRR AR LI R SEE I -

24, An apparatus, comprising:
means for receiving measured metrology data relating to a first workpiece;
means for approximating metrology data corresponding to a second workpiece
based upon said metrology data relating to said first workpiece to provide a projected
metrology data relating to said second workpiece; and
means for determining an estimated level of accuracy of relating to said projected

metrology data corresponding to said second workpiece.

25. A computer readable program storage device encoded with instructions that,

when executed by a computer, performs a method, comprising:

16



15 controller to determ ne an estimated | evel of

accuracy relating to said approximated netrol ogy data

relating to said at | east one non-sanpl ed workpi ece.

19. The system of claim 18, wherein said processing

t ool 169&%%%%%%1@01 aithsRAY Rl re MR R £6&¢ wétkpictBe system

of claimI8 or 19, wheréin said controller |s a

centmlommﬁmmg)memhogy d@tapaltytsewoodlmg tns sasbhd wgllqmece based upon

rocess ura
soffl P Q0 kY 1 R Ol b R Bt Rt gk bt B B SRy dara
remﬁhF@d QY sdcofdl wodlled shg@ol controller for controlling
east one of said ocessi ng tool and said
met réstagyningan 9stzuatedrﬁé61§3f@p@wawﬂe@ﬁyg ) ghidie 61d preipeiad
8- ' ' sem conduct or

mg/}/g?lé& d%g.g&i%gg%%g? go\tl\%q&,(g)ccg&ewog(lpﬁeﬁc a controller to

approxi mat e correspondi ng nmetrol ogy data relating to

at | east one non-sanpl ed workpiece fromplurality of
26pr 00 1}:}5:|tqh1gardiapv %@glmrsp@agc@gm@ﬁgaiegww instructions that,

t at | -

8y o8 B e e A PR X NP i ing
starogretdpmjesedanlirestatarat ed | evel of accuracy rel ating

to said approximated netrology data relating to said

at | east one non-sanpl ed workpiece. 23. The apparatus
270f ct@d@&h tcﬂi‘@d%i%@l'erb@gﬂfhlq WRESRIRRR e'n§0c¥éd%ﬁfﬂ ﬁ&ﬂ%%h@ﬂmt

waf er . An apparatus, conprising: neans
wlmcf’e:iewtﬁbbmagmpe@l mt%nﬁ%@y nigghoal crfetliaaml?rﬁg)rt% ‘ahtmemst

ece oxi.mati ng net.rol

g B riasapoie SUnERE SR badeChet et tedhripes
m&@H N0 laaglitiGdhep feltiab ithg pfReSdettofthéBén v kit @6Esdednd

provide a projected nmetrology data relating to said
wkpigers apg ek pnlincedatgyidudistaiiag fo paid gtasessi ni ng an

esti mated | evel of accuracy of relating to said

projected netrology data corresponding to said second

28nor Kifiesoenputh reatlablemporem sf@@gé&t@lv&,emhcxgkamt&at 1ﬁi§tﬁgﬁons that,

devi ce epcoded with instru st exe
Wi cxeqdsro 8 FOmBRIEY, @P#emas %&ﬁbmwﬁﬁaﬂ%ﬁ 37 Suthr
r I t a first
CO&% ?E%}}éeﬂg g;or@%% lréos%glrsrgtg%l I‘Ell géﬂggy : og))l/ﬁ%gtﬁie{hg%r[ lﬁlgs pondi ng

to a second wor kpi ece based upon sal d metrol ogy data
reI gto sai flrst wor kpi ec grov
t

pr 0j ’(?t HPRHSE £ oA pa%tlgtm b} Jelue eﬁé:e coded dVlglelElgHa:llOﬂS that,
whMr B REED PR @omputer, performs the method of claim 28, performing said

statistical analysis further comprises determining a level of confidence relating to said

projected inline data.

30. The computer readable program storage device encoded with instructions that,
when executed by a computer, performs the method of claim 27, wherein approximating
corresponding inline data relating to a second workpiece further comprising using at
least one of a tool state data, said inline measured data, a historical metrology data, and a
tool variance data for modeling a relationship between processing of said second

workpiece and projected inline data relating to processing of said second workpiece.
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determining an estimted | evel of accuracy relating to
the said projected netrology data corresponding to
sai d second workpi ece. 26. The conputer readable
program storage device encoded with instructions that,
3 MheNTRX&RMIRG rEMaBleGRIRUL G oraREld Qe Bcddoa iRl xﬂ%c@iﬁms that,
claim 25, further conprising storing said projected
Whaﬂ ¢>q¢eutd<ébzaa cgl?lpuffh evcrfompﬂﬁﬂle mqtlwddkalne 0p¢ ogq‘clamss?tSe}Qa@@rthex
C r ?% encoldeat #ga { ﬂ@t orle e)égcyte
OBQP &'edhpat'e, %@e?srs%"r‘ A Sﬁ%"dl o‘? éP%? Gingicagpe 76
profRefediiflincaRR XhdBbdMed Oid eepandionepitdl i ne data
relating to a second workpi ece conprises nodeling a
relationship relating to a process perfornmed on said
first and second workpieces and an inline data val ue
relating to said process. 28. The conputer readable
program st orage devi ce encoded with instructions that,
when executed by a conputer, perforns the nethod of
any one of clainms 25-27, further conprising
performng a statistical analysis to performsaid
nodel i ng. 29. The conputer readabl e program storage
devi ce encoded with instructions that, when executed
by a conputer, perfornms the nmethod of claim 28,
performng said statistical analysis further
conprises determning a |l evel of confidence relating
to said projected inline data. 30. The conputer
readabl e program storage devi ce encoded with
instructions that, when executed by a conputer,
perfornms the nmethod of claim27, wherein approxi mating
corresponding inline data relating to a second
wor kpi ece further conprising using at |east one of a
tool state data, said inline neasured data, a
hi storical netrology data, and a tool variance data
for nodeling a relationship between processing of said
second workpiece and projected inline data relating
to processing of said second workpiece. 17 31. The
conmput er readabl e program storage device encoded with
i nstructions that, when executed by a conputer,
perfornms the nmethod of any one of clainms 25-30,
further conprising assigning a tag associated with
said second workpicce indicating said projected
inline data being associ ated sai d second workpi ece. 18



