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FAULT DETECTI ON SYSTEM AND METHOD BASED ON WEI GHTED
PRI NCI PAL COVPONENT ANALYSI S BACKGROUND OF THE

wo bMERIISEN 1. TECHNI CAL FI ELD Thi s invention retBUS®05/036896
generally to sem conductor manufacturing, and, nore

FAULT D@?EHI‘BW &Fdr¥n 4@ ﬁE%Eh&@aEDSM@%E%HﬁBdPﬁ@@%&t USMIORENT ANALYSIS

performng a process to inprove fault detection
reliability throughghegdiRetip ¢F TBAGCENIIOR ART The

t echnol ogy explosion in the nanufacturing industry has
resul t ed IMECHNWADEEIIND | nnovati ve manufacturi ng

pr ﬂﬁse %ueﬁt?dn rg—ggsa%]néalﬁgu%tn%%}t&dw) ngﬁg&ﬁlg a§§ 'more partxcularly to a method,

partic ctor actur processes,
syswre,atpct apptﬁ%mséorlparf@emawe@ﬁs DFPFIYP L %ﬁtwgtfgp%hw thFqughefeedback.
processs. sth:Kcamummntrl y vital, and therefore,
re UI rc%noqo (?s[tonolf thenxg tsacturmg mc% elt]e%trtla uy many new and innovative
fine- unetf roper - manu acturing contro
manufﬁhtenqsaweteeﬁet ur Eodef s sreqwfg acnrmessete\na@@éar%tfmlqowcta manufacturing

procefte TR rforetargtlns.ﬁtseetﬁmp&ea@@ﬁs Th&Psrode® skpsad Rually Pit KROBAefore, require

ni.conduct or i r(?m raw senm con &tor material .

t

o OB B RPER Rl DB RE P BRI AR of { h
seﬁhecrtmelﬁa@tr@ of sraicondugtor, daviges requires # gungber pih@screte process steps to create a

packa?&%rﬁlgc;aﬂtgl%g)h @arwcg frgtﬁ taad s;:ﬂu@&n@uc'top gxhtha‘ﬂ UtHe v%%tllﬁfr&ess& hf?om the initial growth
of the ﬁ,em.{CHrguthi)rI{xéa}erlalt gn in 2312 afg’T‘ﬁ"d’g'gc %Tyftﬂ d?to tmggvtdluﬂ dvage?s the fabrication

stages (atehing) Aqpingt iedinghaviingeqr tigrlige)so tigi phfkegivgvnd finad testang ©f the completed device,

are s%&!ﬂﬁﬂon@&g a&ﬁfé‘ﬁdn@ Lfezifi8ed tﬂa’t‘the EQ@esM R&PRDEForilEYin @l?ferent manufacturing
per f or ned di fferent manufacturing 'l ocations

locauﬁ‘tﬁ RLReRai F‘fffré‘t‘é?t’t“"lcsﬁlﬁt“f’sol schenmes. Generally, a s et of
pr Goesldy, Aget St prp&ssing spey ik perfoptkdach8Sisgraup @F extficoaductor wafers, sometimes
referrg‘cﬁglls a%td F‘frte%rmpw ;ﬁgéss 1@%& JnEEﬁb% cBrﬁJo?Jd oﬁgva'ﬁgy Qisdlf?erénprt‘latenals may be
For exa rocess layer ‘that may onposed
formeg aFrPSét“)fe‘B‘FO"dW"F é‘fa@ht Tt?ﬁt*%ﬁr i aarragew&;}aysreoffpaftﬂ%%st HEY B% &)maed across the

proceSs@dyCRng kidivd phor@ifiegraphy etingpést @¥pically, patitiefroed id thyngerf@ied across the

proceg %Earoursxﬁé lh%att@%gd IQ){% ?tﬁ)oggrgsmﬁgsraon% tﬂ% eR:Fu‘RE ?r%(?céss r@ﬁ\éﬁsrm the formatlon of

raphy t ec ni ques.
varlmétfearvrq@ 10 e*e@ss ip gePrAsess b‘é?ff Srapeleptuesrmepy e uprd ap rf@fceéwle a gate electrode

structhr@ Y& trat§ddng Mta@ {¥ads! R&nbte dolhtay Qfructtires PROIIY REheAtin asnoas reglons of the

SleCO ucl,%or W tEeTr rea € CIQ(%ICQIE}'blsoggﬁsd arreeag’ g(ir%]s? a Sle%:OEISUSCIOIr ayer 8§ eXﬁmple of an

lsolatfoeatuetpre@amwbebleedussaesdjalhy treffichy rsolet)@alﬁiill)estm‘aurg ate el ectrode

st fﬂé%a’dﬁfﬁ‘cttfri‘ﬁé tobls a\r‘tﬁinﬁts%lgondm%aﬁdfam%ﬁmg fa&ﬁm Q}tﬁwally communicate with a
manu*:asm ation structures are al so

SR 1o 18 TSR RATE Sl Forig By s 5 is snealycomnectd
to an gjupaien intcafhdey Thesglipmadingri@a s canectd o amaking igoride otvdich a manufacturing

netwo\ﬁ?tg @Jnnecgi] %e%yaﬂailtatm@fcorﬁﬁhntcﬁgln@;etvggh e IBAﬁGfaHﬁrﬁtg waﬁetnd ﬁl@ﬂtanufacturmg
be used I's a.s w trench isolation (STlI) structur

frameyprk. P, ppchive EPF‘?"WEj "ta'b é‘f"%ra]\% ferpprh o5ansadMAne PERSES Gpntrol (AP C) system. The
APC pmruifigiddtesra dagirdl agipl, ivthigh tanpiecadoltyare propfam i tgaa t@onwdtitdtly @etrieves the data
needem&g{&gg%du mtu(ga,g&gggr k or a network of pr OCGSSI ng

manufacturing tool is generall

cofifsTt Biteiss atypightsmisardueton watea F45a dbe Semﬁa*déatju“ﬁﬁé Hp typically includes

a plurhlfiy &ikdAGdRali sEmiCAMARGE tie doﬁa&a@edﬁﬂﬁ RO E50i Ukigy ¥naeepHo@lithbdraphy processes
manuf Iy LK. i 18 er.eh

and e?‘: ap%fnr % ga(t"tct.ngd ag né}fs)‘tgt%grgsmlt 161 Sbeggr%\%g ecnoqis: ézurmﬁu%rocess la?'ers that are to be
patterpegg|As a?deftq*Fé’hﬂ'ﬁlﬁhﬁgﬁ‘E‘!YLH“Pcﬁﬁ I CHPBAORREESS ThRPipAHy: Rerfeened by a stepper on
approkifh €l fod ® fEi ralegwn @dcadohy athinRaddperding @R RAYRIT QHotRh4IE 6 Hoyed. The
patteme% rﬂthotoxiesm(t la:;g') %an %tuge has éanrllasg d&%m%ye c%?\g]grogesse? C)we? é)Fn %xiyhgcirformed on the
underb{we davertar daxgrh yf mmrrat eges lyfyef d@lrsdwm adiel ot xesuémctmt@ab to transfer the
desirddBHFNAC thb i dBB) iR 196 FBe panbrgldl S erlof phdiddGlsf iRt Bripriced by Phi&alty of features,

sem conduct or wafer 105. The sem conductor wafer 105

typically includes a plurality of individua

sem conductor die 103 arranged in a grid 150. Using

known phot ol ithography processes and equi pnent, a

patterned | ayer of photoresist nay be formed across

one or nore process Iayers that are to be patterned
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patterned photoresist [ayer can be used as a mask
during etching processes, wet or dry, perforned on the
waonaenkygsng | ayer or |ayers of material, e.g.,Paria3es036896
of poI ysilicon, netal, or insulating material, to
{ LYM& h

os. FESRS1 Bl 0Bl 0L 1 0L G MY . e
proceﬁﬂng rsgﬂupqngucg)r watsrst YAFiQUs x%eaﬁxremeptf fféan?%/fgethﬁ %ra(teﬂ;rréglt%?n thc semiconductor
wafer§) ;aeﬂumg crig{fienstoefé p%@ﬁsufg fit in@hih the whters b phoca &t @k acquiradiand analyzed.

The anaﬁ 1esr1sI t}ﬂ%? ?dqg %&? Er subséan\gnt rocess%sn RESR e tcpﬂéure 2,a ﬂow chart depiction of a
conauctor warers, IOUS nmeasur enent rélating to

state- 9fn’ec qirrsRsess dlow esgl!wstrgedom ETPFéSSPS‘é HYSEEBITRAY POSTSS Yaiprsgmicegguctor wafers 105

in a IWEJflwaRS (B16URCHIB)i QJﬂ)Sn @’Bceﬁsh@ opthe G@lﬁ&h&@tof @&ttrs 105, WhpbesdidSystem may
ui.r e

waf ers are pr.oc C ?d
acquuéa ﬁna??gllg%ygdratla ée?%t%tﬁ 5 groaes%u(xf % g 1con ctor wafars 5¥rom selecTIa wafers in the lot

quen proces
(blockT 2P0 Additipraliy, the poFagtimeesysiem raawahqywa @hlarate seheqs ﬂm frmthepm@ssmg tool used

to pr&Es@tﬂfé lefférJ BRciaL10). PTQE 88S sénkdWath Snasf lidclugd flaﬁt)ﬁdool Rxate parameters such as

stem nmay pro vari ous sem conduct or
pressifg gy Bt < pprgpe gL gt B bl ook 210) . Upon
pr Boseds spon gheofnettotpgy Sleriand thel uadl etate wateths podSsing $ystem may perform fault

detecMnQ&&ﬁﬁ}tegia %léﬁﬁgetmfaﬂﬁsyaséaglgtw \(11@1 tﬁ@ﬂr&c@dsﬁg ¥t tﬁ’easteﬂlc&ﬁlxéi‘(tr 'w'ggrs 105 (block
ocessi nﬁsnaof t he sem conductor wafers 1

fro
240). %ﬂ%&‘i“’ég“%f“&ﬁ Suliypsporigied Bith RresPSeR OD B0 micAH Y V8 Efl 1Py, the processing
systeth gy pedo®ss pringips o hpmemayalyais HTAY) teohg Bt the Gulseok 250). Principal
comp%h@an@l&&ﬂ%@i if ngf%%ﬁafggecﬁlﬁﬁue i %d&lp thg I B &aion tstptﬁture in the data by

fers Tool state sensor data may I nclude
reducipg ﬁlileo%rgene%fﬂwf éheéia}sa ThfrtEhEons phiakisompYEYY g comelaton of
problénswidlitie \prod@iea wafeS MR prabletiscin dlabxﬂcesﬁfgdodl Hehe PCK énay Bagdthn indication of
the t so Dt EJ?‘[%CtBESt ﬁl?t 2 bed @steﬁll "?‘Pg ozelgs 1) %Qieﬂﬁﬁtageﬁlcgrﬁlhém &/J}gs 105. Upon
rocessi ng system may per a%u etection
perforing the RCA depraceshipg $YREM Moy P?ifSPF"E gibgegucaiCirereses UpPn the seppponductor wafers

105 \Kzlﬂloﬁ‘aﬁ&ﬁlﬁﬂstﬁiéntsi b SREED GpaOe POA (BREer). L0he POA @elforms an analysis to
detenE)lPe z’vhethep %ere %]?et %ﬁcgr}ng%ﬁr}/ Cg)ﬁsdﬁuétt%aauexxts Swﬁsrsé%gclg ‘ctlci): QOOW bpon detecting any
abnorpnplg@e@tg]nﬁ g/arg;yg signalsmeay bp dysiedyr indigating foriks (Fpaqat0(§dhﬁ§ gHepg faults have been
detcc@mal ysis ("PCA") relating to the faults (block 250).

én Cl %a é’ssf)(ﬂg{) elgétf\tg-g h eartC 81Ft§- eqs %cluges tif :}allfizl b Vg rdet?rmflﬁtéon of what
constm an @vyorrnelctu@qlamgn infyebe Hasndypss datraisidity buitfl a fanke detkg tion, mofigi@r a PCA model

used (O8ekEinAtht SA1e ra@cxcn&amlyg@ aNdaﬁlé ‘Péﬁ f LBy, §kGhhoRSal conditions detected by
correl ati on of cessed vvaf ers

pr
perfoRpRghPe hEA MY PR ém‘ﬁpﬁeégéﬁﬂﬁﬁ e <k Be ey 51 b5 bl et
detect@m of thelPCAtnbdeh Tk tefrh Esttistipaly differea( nag abdn@rvaricyhrd btaureigal dfferences, such

as dlﬂfég’e(ﬁgelsl IbasEcpu;BE 9&%ﬁ§dnﬂ9ea§ %ﬁ&ugpt T&@éﬂbﬁ&ﬁﬁ%ﬁdﬂkﬁ"ﬁﬁﬂé be an accurate
Upon performng t PCA, 'the processing _system

reﬂechﬁyo B¢ 8¢ rrsh ek eﬂ?é'lﬁ?n Br Bleg)s glé doqf, bsoﬁer{oﬁréng For” example, if during the
develQﬁﬁhtGﬁﬂﬂlﬂz&lt(ﬂEted&&f abdl drOh_B RGA thodéR Ithe GblSes ddl alpsdssiBdessor were held within

small Q(ﬁr{stpagnt fin gldvaHng; 1& h‘lg \I\h& ?&gr g‘l@ggrbceg- g@ﬁ&l@&ﬁﬂe%nnﬁed as a

ana ere a or ndl
significa Skt 'é-ﬁ groplﬁxathtw n@%lp@ogwstt}ﬁt if the b@@t vapqﬁlonao&tl&d:pessu@ﬁl&pot result in
any n€@iiRGhpatdo AR yxatamnwmlroces&a Chhdn i@ T80t iddabtion Wity B4 GISA IS oth@ Words, if the

largerk{/anﬁn?ns Vl\Jl?e?(gflll s ag Ier?o%t | Fg n% s1%{n ce t? peacr:tqg E Sroéepsavst/as \P/rae‘s(rilntoz%J f lne positive fault
ave been I SSsue assocl

indicagiprpqeeursy fThis [fiadse ppsitivergntrpdyels meﬁléllf"lﬂ?é andtidietimes dnta manpfpctyging setting.

detssre rﬂad@ﬁty' Ohio@f eﬂﬁhﬁhav@ @Bt theIdHtt&ﬁlc@Borﬁ@ ﬁ@l@ﬁfﬂh schemes into PCA. The
corr gl ation ma

welghrug%ﬁc emes may. proyide a 31 f?:arg:élfy Rawn %18 laﬁacged ato aI'IOBS afameters such as the
pressirheHpveayért thel etoblerns @wcahéilwyls ths satecpf-thrert PEBhtinGsehemes| ihqjude the fact that

prior kﬁb@d%&%@{r&?&edﬁ@ Rdigh |aQﬁe%?tgﬁtn@@ ?ht hy a?ﬁnﬁ&ﬁarr ';nirﬁltgert]ér? &of&Ample, prior
e.statl sti C | m e a at nm
o ara o e D8 B °f RS A0 CRREY P00 ey duie

model . The term"statistically different” may mean a
variety of statistical differences, such as

di ff erences based upon popul ati on nean, variance, etc.
These abnormal conditions may not be an accurate
reflectlon of the true manner of operatlon |n mhlch
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i ndi cation occurs. This fal se-positive introduces
inefficiencies and idle tinmes in a manufacturing

WG edobiong39 More recently, various efforts have bepnsrasiescsis
to i ncorporate weighting schemes into PCA. The

PCA X}ﬁfygblteﬁlp& t§ g?ac Far Jg;%%sso rﬂ}élv&ggld Qedﬁée%ge 1h<ﬁ<.actﬁ(;ns qﬁe tr) %ﬁﬂ&@ in pressure

to various paraneters, such
that ﬂm/ éevg e?ee ha \}éqwevef Hiis prtbasPlemEcan B BiPafticat mﬁﬁ“?%‘ask and, at best,
may iMoBE @ueﬁkf wokr i) Fulickmddg it @y hal e cadie oes ifi aﬂyﬁdtlﬂgﬁe tvéight fogeiticular parameters
ouldtresgﬁ1 mrl)&l I¢ ved l<<)rn Qorsege%g%A réatirng %Lé Ipar%gxl ro@e§ss I gn a
ed we a paraneter. For

exﬂmpreéem lpvqnmn 1kﬁrma<b@ g’eerwaylgi Hat 'eet ’éd‘{cﬁét‘heaeffé‘iﬁa?fi qQ@f or more of the
probléxi¥Bdi Mdrth@boviei ght shoul d be assigned to the pressure

paranmeter during t heC@@é}%%@:ﬁO{ @%Mﬁ%l to a

particul ar process

| nldi eataprseisofdbe pressnty iaydngan GRHUs metheds s F“éthSPFhfor n?ﬁlylowng a dynamic

weighflRY @cl*ﬁ@l@tﬂ inN@RAEL RS Swith HAMEILREtion tahdl)%ls mah e Giﬁllstﬁhgye &aadilent, the method
I Ci en cunber some

an
comn T, BT e RRRSH 1 TP PG riBh e o g Rr 138 1 s apopgsin of the
workpgdee elfhe imethedfuniet ¢omgrisehdsteprinigha refationglar ¢fi |ae@rhraqter peiatinmte the faylt detection
analyémyli gethfe‘§ Ehiik add dehsrfmg DVEGRY asé@ﬁt@@\ﬁmhep ;gAmEt@xl vadell (4@n tH@ refationship of

partic C The present invention is directed
thepafaﬂ‘eﬁ(/teﬂ’@gﬁf%d%“ r at |east reducing, the effects of,

onid aodthenaspert of tht preseprimishtonm sahodfipprovided o\performing a dynamic weighting

techm%e%%ﬁxg%lth&!yﬁm I ﬂélnlemo@&)ﬁlpﬁs%p&ggess g amﬁ(pﬂgeeaﬁ@ggrfonmng a fault

i'nvention, various nethods are disclosed for e
detectipn gUAAIR TP I PIORY 1R i PaTiRIcTe e biIB E P S hp e SRR g et o o
fault dbgci@tnmadel assnaﬁtgtsm thé faula HetéclidnUmblysd | The nerbd Cirthe mbmpri_tséseietennmmg
whethgp%m%?raﬁgmg £s§o%§itep LR F%&éc@g fa%ft\ﬁpg mlteo(%%erﬁr%ng fak ffa%ft mt&gon analysis

etection analysis relating t processi ng
and mygifyingaa W}Wﬁg fcthe pwtewﬂ%@ulf Qﬁtet:tﬁ)érmoé%lrpmefi &pan a determination that the
paran@@# iSisficlaied Gitithé @edied MSHi p of a par ameter r eI at | ng to
th fault det on._a det
I% det anotléer aspec?&l t}hetpresenp 1g\éeétz ocr:li ari-n&hax% 18 pr v‘ied%%%g ar X mgt %?gamlc weighting
techmlse@sfercpecfmwgtfw@ dpteqtlalt i Bﬂgﬁihgfi @fnpthqeprwvsalﬁet“erkpw apdygerforming a fault

detect%taﬁ@)tsﬁ eb1akimdhb the p}oeesﬁlwf he Kvoﬁ&@&%ﬁsed)lflpoﬁ h%o]ﬂ;fa&ﬁ)@rﬁfneter being input into a

fault %: fﬁtg)ﬁhn&ogaéssawtted w181 t}éeC%al (%toe\ét%o]n %gal)fsg : ]I oer rpﬁtgogrp?rggxi %omprlses performing a

princip tcemppnqamnalﬁrse(l’ﬂ@tlh oujuedinpvitlsibs fapir bteetg iarnlysia andoiekpiitegevhether the

paran@{eﬁ,s BRESRa Wi daea‘teaq&uﬁt agﬂ;c@tﬁttdf%}foﬂﬁ‘nﬂé mg ka1t B&dcadd aagystscand the PCA.
ocessin kp| e based

r
The rithag BHre avErg PTG EIRBE o Tt B aeres i e e io frodel based upon a
determinatied tha sl panadteds agdotised Wwith teglebdteddedtect i on anal ysi s.
Thl% aMepggecf o rtﬁel'ﬂ;?egenplgm{ dnsﬁ%p[,gﬁitu@ Eslpr&/id@cgfom%lqﬁl{g a%%a%xc weighting

par aneter i s assocjiated wt detected fault as
ot S GG, § HEAPPARIFLCoBBHIEA foGH At PG it deetion
analysi0@liafing i t¢) 6 pracegsiigii b madgpiede td deeerpias aremxershlp betidee a pararhdter relating to the

fault g%&tﬁ)ﬁ%ﬁagﬁ QHHQ%LteJPe"é?a%ﬁ ’E}QQ&U@IIQ ﬁgoea{g p?\tvél%ﬂ? %Elatta(h\glth the parameter

r I's associ at tecte
basedy‘éctn theriefttivashipes herramsier PHE dppidént i nvention, a method
[ smmaaudr dekt bDthe &e{eﬁm\mmmg Asysty adProvidee |f<g|3,tar|fcrmgmg a dynamic weighting
techm(fi;uecth g'éjr%m% ?aéx%:t gégcilo [ Wh %DICTE %Jmtépnge%;ﬁlgkésg% toJ Iggmlﬁq‘?&cgtglgly coupled to a
comrqllarupfnetaféwgeeqql @nd awal %}%ﬁ @tarsewsat Ynitg Ttl%prmeme Mbe%@mﬁga Rggcess upon a

workpltlf!'d@ mrﬂ{d&bleéao& Q&ﬁﬂeslﬂbﬁﬂo@ cfa@@élatﬁé &l the ﬁaJe@rmltf(ﬁ‘ﬁledD&ﬂ tHQworkplece to

provi#e&%#gloge atélctq'heotﬂcl){ esltra]tg lqatg ge%stolr Lcl).rht accll__rer %too %Stg ?t?] e'rﬁle 8%nrtrr.8per ger%rms a fault

detectipa ra.fnai,ysmrﬁgma toPthcp prgqeﬁyalg oé @nglme t@_qg_d;rgaglp ) re(lqn@}g)nmbhtween a parameter

relatifgQ i Rl [dQBctivh bldlyi Shdladidledtedd@lI€ Cln QbhtroIes taly@ji(ﬁxsg@dvelghtmg associated
iated with a

et erm raneter | s ass
with S BRPE T s oS o B e 's BF ARREBHE Tl 1
detection analysis and the PCA. The nethod further
conposes nodi fying a weighting of the paranmeter in the
fault detection nodel based upon a determ nation that
the paraneter is associated with the detected fault.
In anot her _aspect of the present |nvent|on an
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based upon the relationship of the paranmeter to the
detected fault. In another aspect of the present
WO pooentdsem, a systemis provided for perform nBCHUS2005/036896
dynam c wei ghting technique for performng fault
de S
fn trz]l%logl%tr ?sggfotﬁ%i}e@]me g\oetg%ornaa cgglﬁtﬁ?rg{ ?a%%%%gﬁgl sIoPan, deélce encoded with
mstrufttggq is pEyyiled; for @eqfonglpéta syppicgweighting fechpiqps | for -pﬁ'g)rmmg fau detectxon The

mstru&foﬂﬁﬁﬁ'&inﬁgnet}ﬁ@l:on@ﬁﬁnﬁg&ﬁf@es&n@tb&@&ﬁrﬁurﬁbﬁ@élyaoup&ﬂ kopi cem@ller, a metrology
tool, :}nfl] a torgps{aE Jagguynsgrox%l 9rL(J)<I:ersste 3 t&r)? teﬁ'tﬁnn%Q%ro@? E onrrl glw% ch tl'lq‘)e metrology

ocess or me e
tool amltr?s@reésgjygy@ala aelatﬂrm@ theghesicess pexfoamed an ﬁle yerkgiefe twﬂovde metrology data. The

tool sﬁféthkh Eéﬂ&)r hﬂoicq&katoa sci@tdata ﬁﬂ:&oﬁtﬂiﬂ&rrp@llfdrﬁ£ a Pk lddclidh aaalys1s relating to
the prf)ﬁ:ésm\%oo g'xte %%It'kglg(% tg eat? e’r"?n a rr]eela%gnshgl a‘\:NIE:egl ﬁlt agmgt%rortce:lgt%é t(p gle (Pault detection
analygisang ﬁéft@ted aita Theggntrabert dlre adjests atwm@v@cqsqoeme(hwm tyspasanmdbased upon
the rcﬁtx&l@rﬁ;ﬁ&ﬁlfe‘garﬁxﬂéﬂért{o mér&%ctgcp@ltltr ol ler also adjusts a

wei ghting associ a ]9 b oA B based upon the

rel ati onshi p of tHhe 1. o—the-aectected fault.In

y e’t’hemgttlhema)dgpe@tstood b)t rh@repqe estbnfbllgwingalatcrigiion taken in conjunction with the

accon&mgtdﬁcvmgseﬁd@%ﬁk@&@,gﬁc@mﬁa%a&@fy@ﬁe@l&,ﬁme RESHSAHicH t h
instructions is provi ded for perf orm%?grtbelage%/rnam C

web g | ng sl F‘a%“ PigPIyaRs tof ¥EThn.
ThEgir\% tlilnwmates Dsisplified flcm’charaiepuettoh ©ﬂa PO predess(flosy during manufacturing of

Semcg&g&&sﬁgfegg tool comunicatively coupled to a
ontroller, a nmetrology tool, and a tool state data

sefigss 3 prvides Thleclp datrae STPFEFRAERRN ofie FFGMNE 2geopsipRse it one illustrative
embommamoﬂhevmskrmine@eon The netrol ogy tool acquires

{rﬁlt'iéu(?e qumgzgeesaa %rgx ? ICQ%%&%[% alr?ag sig ;&a? St%blp %rJlggf QMist of tool state .
variabigs heieg @aﬁlae%@ﬁsw rﬂ?ﬂns to AP PREYESE ﬁﬂmwgfdafter Wt in apgpgdance with one

111ustrmeexﬂ&hinaﬁt opms B@Jeﬁmnvanmult det ecti on anal yS| s

% ure {] 1gusttrates a ? (Ee eCﬁ)I?OIF()IP% e%ol'iilfm IIC%IQSCIWIOH Q% aq?o? state da]ta sens?]rgumt of Flgure

rmne ar ame
3, ina{C@rdamg Wlithmetﬂh@l@qﬂmnbeﬁmmheﬂtl}ﬁepresenam?n@ndet ected fault.

The &@mmg}a{ees malles;@m@djbwaz sﬁagaany\@bxgdamtmg 0B &RAGhia PEA weighting unit of

ar he rel ati onship of the
Flg“f%%e p e R P P P P PERPER PSR PTI ON OF
DWeNGSus“ﬁhtes 4 fiovelmrti demctionyf ayethoh therStdawd witly orealfustragipcanbodiment of
the pris@nt idEibRLiOW ng description taken in conjunction wth
he acconpanyi ng draw n which |ike reference
nufteral dluptee e foaed g?“@haéwiegmarf’é 3 PPhRA oF RO, f dyamic PCA
weighling ro@rsss harallicftédeidl FiiuagT, amma@brdacp witip pneaitltstrgirieqbeiturpt off the present
mvenmf er being processed; Figure 2 illustrates a
n&l ified fl owchart dep| ction of a prior art process
f | Whiledbe PysatiotanfcaRiPlg g Yagous modifivations aef Al vivioras gpecific embodiments
theredfihgjd rbean3h¢ﬁn(hyl Vi Sf axahble @kthéel Hragihgsand eip hesia ritatibed in dxfaila It should be

' underﬁ?o%t lﬁ)‘\’pe\;ep th%tctgeo Jegc%gt?o% hWe&i Igf s&&?ﬁc elnLé{i?Ji{ ﬁgsl n\()?mgmc? Q'h‘iﬂﬁrﬂﬁe invention to

ustrates a
the pafgqtcphltfom| d”@'@%d’ﬁé‘?ﬂ th@gpa‘rayglt@ IpfgRtipR 18 tg gﬂypreall mgdifieions, equivalents, and
alternSIREY fAilisfy vAthlnitifelspiaif anll @Ope oF thatn@enM@l ds adlin@SbyliRi ap@nded claims.

correl ated wiyjgngaf Aok EARRYAG: b e ¥ENRIGE eSsed
i |lllmtrvapmbﬁélr@mbeﬂhmmtl@faretdhsénlvﬁ ddent Injtheyrierest efiplarity, not all features

of an Elhtgéll rlﬁplénén{alldﬁsiré‘ aésﬁﬁ)ecﬁmmﬂiﬁ Qpecifitaabd. € WAl 0Ckusdt 8Qbpphaciated that in the
esent at tool state.data sensor

devel?p ]E}I‘ axgy sxﬁc acé\éag SIP%)gwggt V\hm%eﬁou% ng) enTePtatl {1 rs;(;:letmﬁc r&ecxsmng must be made to
achievertieoldvanpers’ spfcific mgalq;) pusks eypomplippeenith @yﬁtemFrplgtgcf and@usiness-related constraints,
whlchI \Lxll Uz?f;l Frévth 8% 1§1pm£n@atlg§&)a}ndtl§g lmbr@&vkr di 'wﬂglgeaam)remated that such a development

representatlon of a dynam c PCA melghtlng unit of

Figure 3, in accordance with one illustrative

enbodi nent of the present invention; Figure 7

illustrates a flowhart depiction of a nethod in

accordance with one illustrative enbodi ment of the

present invention; and Figure 8 illustrates a nore

detalled flomchart deplctlon of a nethod of perforn1ng
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Wiile the invention is susceptible to various
nodi fi cations and alternative fornms, specific
wendedissent s t hereof have been shown by way of PERERNE036896
in the drawi ngs and are herein described in detail. It
gl v ihd Bk Ring £

ettt I o b4 B A delbhethl B 0 Bl ing for tose o
ordingry ﬁ*ﬁ‘”t"‘ thﬁ@“taﬁ‘t?%ﬁ? P%‘P\ﬁ‘t"@h‘ﬁ Riecleseret i cul ar forns di scl osed,

buthefrard RghyCGiodete Phdtessds Rt hrati®RlvedDR seficdndudtod \nahufakdring. Many times,
workptecfshge:gcfl%%rlnggn%hct tqwaafe\:rgrsg |1§§t s%mlcg‘x?u%t?a]rl ée%%%:%t yga?]e st@;!pe& r?fgough multiple
manufgetfring eRiocesy tP<Hﬁe Fopeteed @‘{OQF IPECSC\IDIVES) PROORE CESKRI!WfF"NG‘g a dynamic
adjustgeﬂt of e WMENTIFQNE bt }nﬂr@tpﬁaﬁﬁtétbfe aﬁmivﬂﬁrﬁtﬁt &fecﬁdﬂ&nd/or performing a

pnnane}l \gl?rﬁpp%ne?lp angizsw (P?E)? r’Ilh wel }Qm% ?Wanous B‘tl rneters.rula% rne)[/Tee t{sedt ina fault detection

modelamd/ot @ PEA| hadl hay ltehquwlspretbf fitarraingdognd tltet wwhltltlg of the emrseéfrs may be

adjust@@dﬁ\%ﬁeﬁ@' @5@axﬁd@%ftér@ fﬁd‘t%oﬁiﬁ%ﬁllsoﬁéﬁﬁmd t@fa pR6t¥ssingl Gﬁtem an automatic
act ual errbodl mer ous | on-.s

o Gt P T, o HEHE g RN VBT e U oY B L Scected fult was o
signifgpe Giuft ocangoddnificans trol  Bzsed eop thisand@tion ¢ Weighto it mafriat gch contains

data @Hgatmg %érn)@@t%olrs% eaﬂaﬁi%e@@ ns Bé‘r@éuﬁ; SaferdhthaS be \Momﬁed/ @rrﬂakg §He Metection of
i pl enentation to an

reqQv
simiag g Bbre P P SEmaER Erdudl e F‘B‘Ptva‘r‘ﬁteyﬂ‘t“ ggion sndio PCA
model8 Giip bienor@prahanteicrsBhat cumgibnedig ,thelfudt complitiod amighear kel @ rtiyge to the fault
may b@ dgtgclfgtil mﬁ’ad\%hﬁg Jdﬁlgttngrg or' tgg w&&g gteof ‘tﬂcos ?ﬂhQ@'g )ﬁat%gﬁulﬂlﬁteh the fault may be

art benefi1t of i scl osure
lncreaatdeprfr?amnaay Loy PO SERArATiSES i €, T g foniibue 10 th ful
condiG@IEng i€l kbt G noABpsbtAeE tor thdfult WBe chirsvesized\wod K fiynexaie adjustment of the

welghg}n%/oqf tHose p%rq{ng’tgrn 91%‘? lgeod-ecrmid% do%o&lgxéhyg & g&l?%gi? QI‘iecwelghtmg of the parameters

thr mfawmomolw SoPado AdeAtanay Bn et (Catrefprey ygronger signal would be
requirPd @ﬁ&fgtto thédy @t{ﬂinhe&?s t@gdﬁM‘htG' Efaﬁlf)ihdlmbrf orm ng a dynamc

d
gsgx{)l{%oﬁlg}ergaof\?\}lnetpﬁes?nt mretngcal é)tr gi[ 906 rt]he: a ﬁldt?, go an dgn%;nziacr@elg%[n?g adjustments

withopfrreauizing aifior swrvidereaitwhish airjerlag pAARERYS, to q‘h@t 'wétr‘g'ﬁt fanlg degfction and/or the

PCA %ﬁél QUskeletd armfeleﬁﬁe t\ﬂ{ﬁhtlw tREmLRE Pardntttets haUbd modified to increase the
1 ONn

sens1tglﬁ¥ 8§,&:irz}ntsgrs (,}ilé\fe A efﬂ fﬁ)g%l tg(n‘hAv trlLuted %%mk%ﬁ%nt% fto aHIt conditions, thereby
causingathapredesing sysgy tb éocaqurg@tsec@rrdymm (b@ie|pyram§tg‘|; @lxampy kave the effect of

reducﬂg LRI nufhbdradd/te tﬁ@ﬁgénﬁtﬁcﬁrbf I Qa@ﬂ:ti'bfy'tﬁge péfan%tepsr 0§|§1§§lyngver time, the
system an autonmatic In

welgha%eﬁ "Efe‘a"dF‘d’a’taﬂ%‘e’b B¢ Bf‘s@?‘wtged éw‘?‘@?ﬁhf e‘t“ﬁ‘HV 7 Bhee e\%@tﬁhfét“ indications,
theretylreducied emtedary dovttimpasd aefStigmnief duiag the ngmuifactuping afrsemiconductor wafers
105. 1 nsignificant fault. Based upon this indication, a

wei ghting fault matrix, which contains data

Co’Fq-népgamwntg F\lgé)fel 3®3§’10f:]f) Bllagrgf Stpémﬁb?fai‘nsé{ft@? gOO[ B accordance with illustrative
emboﬂiﬁtérttd ﬁliheaj’resmﬁrﬁérﬁlpn RaNustgedTOdprbde@dtobitdIereBBRE irt theesystem 300 is capable of

I i I .

controqllte evr rﬁog alftlon% tlng g gt%}:etss?n e‘r%é(# OJIF% Mooes@ controller 305 may comprise a
compygf] gypteny ahat atledeﬁ aul?ft’“ﬁ@t é@wrbnanawawf cmtefrtf&éer‘ Periprals.  Moreover,
althov.@ﬁ a Emél&pr&ﬁd’s ambw SOStlhs'&henﬁﬁkﬁH)V dlebid&&ﬁi Figbret3)i@ pfadtisk, tthe function performed

by the %ocesD cong'nl% 5}{; mcily %crf% gl E Iaérlrrg 8r| né 9 (!ot a grg {)rt \QO{IESFEons ?plijelaﬁ throughout the

manumet}lrgtatsysrtgl of those par arreters that contr| but ed t he

f agddicoid@Yto@afdr) WSQ%S&&:esﬁémQﬁa ﬂr&ﬁ@ink }bol 110kied & BluraBf control input
neters

sien o PG GRS e Pioofl A KT r Tafogyjaps snss, o
manufagprinig pRran¢tan o the ging 118 afeaerlt to theyodossing keak HO tf@mlamesa pptreller 305 via

machﬂé’ f}ﬁéﬁa&s arhk Wl 'E@nx)caﬁﬁ itstue o%htgm e Qpr&fassﬁl @€ 310 In one embodiment,
rs na

decr eased ortional
semich s SO BB G b T BRPEtCAT Sorls 168 e gnbodiment
not to have contributed to a fault may be decreased.
Therefore, a stronger signal would be required
relating to those paraneters to generate a fault
i ndi cati on. Enbodi nents of the present invention
prow de for the abi | | ty to perform dynam c \NEI ght| ng
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t her eby reduci ng unnecessary downti ne and
i nefficiencies during the manufacturing of
weemsooissuct or wafers 105. Turni ng now to Fi guPEr/B$2085/036896
bl ock di agr am depi ction of a syst em 300 in accordance
semlcon(}uat)rl vlean TS Ii({Sa--]‘r%:ialbe'e& p?o::\rlg ch g’gEEC tg]o? 3%%%% %t?nhﬁl‘éef&h 9 ?ng robotic
moveRgY qfaer@apabtoe wafers d@ﬁt rlang ﬁrgbqsialreptowluaémfr%ftspelﬁ@ductor wafers 105 is

transpoRédRih | lo&ge § Q;taa(e@ (nQeR&RY) ﬂghé $60essiBd Bols T1Ve ERIMPEE 5She processmg tool used in
semlconc{glftor dnanu acturm% Erggegs(gﬁ, ma EO%Ollff-}lo 3;8 ltjogF Mion )(mptlan{'n ools steppers etch process

tools,sleppitiendpoly éllemcddnepl@nlpqé h@xslaﬁgCMR’/bweweirthe lésb t hough a

Si EH SsedX UGS SapSRIYf ra@dulrﬁé m%@cﬁﬁng&@l@t@d’@attd Gdh Lsymetrology data, related to
icted in Fi t he_functi

procEY FPTEBy NS B dteb LRt P 1 Pl OBefaje b may also compris o
metrofygy fool ¥ do pguigmestrologyndatagrelatedroulicararessgd sproicdadtcatr ivafess 105. The system

300 r%?raﬁ@%n‘i EeOAJQQQ%e Ja@%er@@'nﬁ*lﬁ 35l ff ACEILgnn%Moch ﬁms data The tool state data may
Sem conduct or wafers g‘ are pr cessed

‘nclu‘i?rpbeé%‘§sqaﬁ feRsEura - Bty datapqaﬁ A A%y "‘H'PXS %eﬁi“f:% (datp gl of out-gas
data, gidgptiat tgpes of danmrelafed Gt apedatirgs pictheapr@eBing foolp¥10V Extemlaiy taol atate data for an
etch !ol)lnrﬁa Oiﬁclﬁ@tg\é\pﬁ&v %ﬂra%lber-r &@ss&co Q:tlzfnﬁxler iempeltlz;tu §|5vgf9a%!e Si'eﬂegt(ad Fower backside

nmanuf act ur i ng par aneters, on 'l ne are sent
heliump ﬁ@ssbﬁedg:e‘g%?%f@raf“ﬁtﬁ‘ls ete Jh¢ F’6‘rﬁa¥f dﬁ‘f‘ Fre s ipdyde fegt pxigmakigahe processing
tool 340, auchaCAnibiRe: téniple Afufeal@dity padssurgte. bembre dadiledlillistratiodl @nddescription of the

tool SB{’étd§tL1 geﬁsc?t‘ &?t 396 1\%&?§ §édrngFlg199 % anﬁ %&bméaﬂ{/u?é(}l% d:ﬁ{)ﬂ%g Q%SW nt,

sem conduct or ers

pr B@ég%qwo MBYHRISOTPMPLFE A g%ﬁbps};a unif }ﬂoaﬁheaqata@s%mtﬁ%ls provided for storing a
plura@irbagied dkta, s&ﬁhmﬁdﬁaﬁrﬁ@ rM\BefdelﬁtS di0 Eelafea Yo tb@opaatmmodﬂadsytstan 300 (e.g.,
the stgmbsgof %eg)(r:o%éc’sgiré%qlgol 3?@ fthe sé%s 812 sr@] 1co %ucttoor r»Tvla‘a#sérscl 0§ f% I ‘Phe a(at%%a%ee unit 340 may
store arpyesthr dethtelatieg to|paremeters ysedfn fs‘éhfle@@wa ged BFA mﬂeésr s {5 jtapl state data

relatutgr t@-E‘ﬁleQlﬁty @tql)rcicass hat éiarf(n%)e@ by th@ﬁr&ﬁ},ﬁﬁg tdofB16. a’ﬁ&%ﬁtﬁtﬁ&)unh 840 may comprise
t.ool

roc n oce
+ anpeity RRSEGT P S R SE AP NRY Bt PSS CRBS By Pocessine
semwb@upbrota&rﬂ 105 ot afphpast sorbgs wnif WA | npl ant t ool s,

st mg%%, 308 LB MpALS § Bault eaécﬁon HEBAS WhitiPR c;pqaé §ﬁperformmg various fault
m cal - nechani cal. t ool s,

detecﬁlqnl@ésocxmwgytgf 8er§0r§ tfoaclg SEOaﬁ'E%l péOCBSFgl% 81& d?nelf;cﬁx@uctor wat%rs 105. The fault
detectivamuit 389t mayicorgprised &ble detdadnanodslibé fthatss cwpdbleaif pgformiag @amodeling function
when Ibg'ko%ﬁéjtgg ﬂuIPJe%&%S@onﬁﬁdﬂaﬁth@lg ng%/ %rlréﬁg]ﬁéd%té thl%@lg degegﬁun model 385. For
example r*fbfm@edat’eﬁ%’eef* &}na*@Wfﬁ&éﬁuregaopefa&reaeﬁa?weanﬁfef §p fIggynay be provided to
the madel guck Ehhtaheexdo&nndyh@sepﬁi@ﬂlﬁslaedﬁoxsejﬂﬂlﬁcﬁmud fufdin @t data received by the
S {

fault écge%tlo S%ﬁs%y Eﬁ?}fa%@%&@r ﬁloée? 3?5? IH;E% lnf’ g gﬁltl \gg!ne ?né@etl fhat performs fault
modelfgebaged gipor; pagiops Baaatrrgtefpaylnl qipe pg}&(éiﬂpﬁﬂb dhe gt é‘eéqcaon unit 380 is capable of
correlat@FRRIAS dRa Aall@withodTiswe tesisodl adtbro cigRSterdize @wuniat a,

O?ﬁ eersys,‘?emeiios %a}r/ Ialgpgciomgg‘ste aal 88{0ﬁer0396é P'Vgidt] o;%xaa%"es fn cowbnc?on with the fault
detecipn yaie é&@u tﬁ gerfoonp paEpal Erpenpit analysis amletegtvame any bupriah congitions or faults

relatifplt€ e proRLsingBYsehdSHdLle wIRS 169. A PCASIRSIEr 18D @S PebhBrise a PCA model 365

that 1% a%q(n‘Eler t e nglrng:agllgugdglsl’n r}élgc%%':w gnef lﬁggrtne gﬁ%‘@r S Varé(tu% parameters and
manuffitering gleth rrsr bt wpulted mtonthe/PGA moded iﬁﬁf’l lfdeexelramla venouepredelernpiged ranges for
preserb eenasraae SRty bRAr g;%mw xﬁaH'Q)@ pf'asldarmb B0 node® AL hATMMRdel may assert

A npre iled illustratiaq

a faulawﬁﬂla@i%w Fﬂ"f‘ @’ﬁ H?ng af‘BB‘Pg dap éf‘tdéfe'ﬁgf%fm%“ﬁ% GroBmes ‘ngﬁa including
metrology fhteo fanld data, sansdFidgaraad e bind AangoApalnd dagipdegeltinptd baweighted PCA
analy@sqh %rdaﬁtkewx&)éﬁ hﬁ&Ha%QQmeeﬁl ofthe SQEEH{ 111\%&10@ 1s ?Jvﬁp(?b%ﬁ)w

unit 340. The database unit 340 is provid

storing a plurality of types of data, such as

manuf acturing-rel ated data, data related to the

operation of the system 300 (e.g., the status of the

processi ng tool 310, the status of sem conductor

wafers 105, etc.). The database unit 340 may store

pararreter data rel atlng to pararreters used in fault

I T ~ANA o s o N .. I T
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detection unit 380 may conprise a fault detection
nodel 385 that is capable of perform ng a nodeling
w0 o698ty when performng the fault detecti on. PAEUSDOS036896
paraneters may be inputted into the fault detection
?‘g?hee S %tesrg &P(&: Qnra{[g gﬁ) a}}nu?\é ! Ia(r:)nlijcsP ;{ew%teg ter m rglel 35@ ‘?1 i1s capable of

/767 gas’f
recelmxydabequmeiwll}'eedd/mmtnh%lymzid’et toslt}f?hnatlhamdltdﬂeg whsthet a mmcular parameter

that vhS S63kilierdd abmthdl isifde&d glg;amcg@ Rt ih QR RASETRMR! omhetdgtemlc PCA weighting

ecej ved the fault detection un

o3 s i GG F O “HAE oS HE ey B S T TR PabipPoA contoller
360. fbdwetightingaaypadso faliectrihe paaneter rapghe linpwigd estbelfaul pdstection miodel $85 and/or the
PCA RBdeA3EBT grnﬁ)re &iné&%%oﬁﬂﬁ@@&ttﬂ%%amxéﬁ@ \fvél fl‘ltltl g@éuﬁ@&d iQBrowded in Figure 5

unit 380 i s capable of correlating mefrol ogy data
and agcgmpanying W“PH‘“’P&B‘PWst ate sensor data to characterize a

f aMbrious eldnents yithesyst30 A00suyh &l t&(pr@mpcmtrsllﬂ 305P@Afault detection unit 380, the
PCA %S}J&Bﬁ& '315(? an30 dyﬁﬁmc%AOWé‘{gﬁﬁnE Sndafle SANLGL éoﬁwar%{v‘ tafdwiBEr firmware

detection unit erforma princi pa
umt(s& 8‘ﬁ‘p"’c§fh§tt‘f’al%tﬁ APYpSqr gnay fe ipseiieti hEPTRAY" ABFR Affegfated with the system 300.
Furth&r@in@] the GdiisusQompdibidtd Spresehtad bynige blocks hidsupte® GES&Ird 1Y) m@f communicate with

one aﬁoqm ?1]9 Qg%g;nﬁ&x}%}t %(1?% %%? 1t5;1r g‘tﬁe JID gé’é g%g-%{ngluloﬁsr hn% @?50 H%y be one or more

Compatefn?}’d dinksn goef eirfears edicpind hmﬁ)‘&‘ﬁ‘ THvAGatioprelinbE R ne Vamprs jgdephone system
comnfiaic AR 1RKS ol nisRNifer 6t ddmnbgcatleds amlmiz)hd/bﬁothdﬂ pairneatiof li@ks that may
[ .e var| redet erm ned
be 1mPlemente%¥ gD seSl?lée%mthe q}avur}ﬁ);b 1ttgf’the prqnen éjtscfl ure and/ or gas
fl Eilw Pringipal j)eempengnt 28alebis pariormied bynihel é?PAsuetrPlle%ﬁO inpfedes a multivariate

techniqRI@ht nBAMs &S Sﬁifetatl&l dradshet inCO GHied ByOrBdubias ﬁl@l diﬁﬁﬁ)ﬁbnﬁlhﬁo ata. A data
r|n defined to ri ous

act y c0
R L RO A Y S
sensor datay ;afid fhe |ike. A nore det ai led descri ption
relating to the wel ghted PCA anal ysis in accordance
wheranh¢ ¢phais bf X s ttypabllywernsitiizd di zenheao bndtune vpiams e Mbe matrices X and X are
the Iﬂoﬁle\fe%rh'ila Qn mlo 1 rr&YdlugQ:gm};b%én%\/\()f-ltﬁkeX%a%e@éggelw)fhghﬁ&led and residual
onprise a dynam ¢ PCA wei ghting modul € 370, which Is
ma‘”@éﬁ?&ﬁ?@’%‘aﬁﬂecel vi ng dat a automatical ly and/or
gztaal ot I)?t_lﬁgrto [ ormatlon i ndi cati ng whether a
articul ar pararreter t at was consi dered abnormal is
wherd T@Ieté'd Ad PEIRTT 6 Adlscokertmll Dhdihd Inditys, EiileO5419.tind Bibl ke sumber of principal
The dynam ¢ PCA wei ghting npdul e 370 S caQabI e of

(m={)

compargits stainad) inttheemavel ghibllavg ttef 7\v@a i 0lE apdPaeBVErS 4rhitt reaidenl score and
load&%tr% egsppé{wtljﬂe PCA control ler 360. The weighting nmay
al so affect the paraneter ranges inputted into the
The léaahik tnatelek @Cinil O, arnd@imiad From mid/cpenvedi@s FEA comdisbn R&Bx, RAwhich can be
approdiRla € gletai l ed description of the. dynam c PCA Wi ghting
modu ? €370 is provided in Figure 5 and acconpanyi ng
de?ﬁll pt I’ﬁ eI ow,, Various el enments of the system 300,
- gs thepr oce¥ controller 305, the fault
detection unit 380, the PCA controller 360, an
The ftﬁ’ RSPVt w?r&ﬂ{opchxgg A qr&estmnwhlﬁs) 3 t d? \REI’ g and the eigenvectors
coneggt{dgtg@ortﬁe relgglmé)é r{l ﬁvallugé agé tﬁg re&&h@f loa% ngs, $ andal one
uter system
as Sksapgeesof anmlwl t%or@vgtl’gﬁhrewd "F‘h“r’t‘ kitygsrimporiap dactor in fault detection
with BGH. | 10165 fmmeﬁeatlsedrtepmaﬁemledt cb;yurt Beofliheqntlé@nation in the data, and a poor
represerlltatiOH o{ tﬁlt ]fergcelss w1ll re tr %n%hen%r I%n (l;]ol r%ziaﬁt?' Cs zgeiglos ethen the model will be
em Communi cati ons
over W@me@ mmqn@mqn@pps Th¢ pasiamgg 5f rﬂq@ystrb@o@ﬁ@r b\fREr){grptenon for selecting the

approﬁx%@ldtn&fr oPRLSs i babdSn o iehg Qhrai®ir€and Qghgct&t B6leNa rdW¥BinRt the missing data.

The numéer PPlC% hlc?nr}essul P nEle best c[z]lg reconsgltl)crtlgn t1secon% cre(p t%e IX ?ntal nrtpmber of PCs to be
ni C’& 1 ons , one or nore

communi cat i ons Ilnks, and/ or ot her connunlcatlon l'inks
that may be inplenented by those skilled in the art
havi ng benefit of the present disclosure. The
Princi pal component anal ysis perforned by the PCA
controller 360 includes a nultivariate techni que that
nDdeIs the correlatlon structure |n t he data by

- o a1 I T N
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X=TP T and X =TP T , (2) where TG "X and P nx are the
score and |l oading matrices, respectively, and lis the
WO Ube£9884 pri Nci pal conponents retained in theCTOS®DS/036896

It follows that T "x m- and P m(mare the residua

used $£ 91£ Qnoﬁad (%%Qegd\l&'&% tgﬁ;sﬁeh qg%‘!odsr ﬁ)? Q&%Ln# V&L Yo I;I;p St b@sailklli‘& the average
matrices, determ ned 17 omthe

eigemealysapethady %?ngac&fia"?hé’ccor relation matrix, R which can
bemapﬁeﬂxmtm Riag welghtdd daXametefs3ihstédd of havfﬁb @arhrhdte3d in the columns of X

bemg nogn nze§ ?(} zc(l} Sme%fl anlg u&q nag Eptgen %Iran%ters in he l gr%%ﬁwded %)y a number other

genval ues ar e e elgenvec
than %Yarleqf;b@fr?eﬁhﬁglum IE‘I‘?E‘E‘err"é’ﬁﬁﬁi Rafapngterin thel@iﬂg@ﬁ%ﬁlué@ barﬂ@umber that is not

the shkiRrdl RGAtRHAIThis Qﬂ)did&gaswelﬁlted phRReBUR RS coRfnn b1 X1CIFPBdxample, if pressure

paran%e%rn‘{g closeR/ coxlxe al?%‘% éa eC {: co umn 0 t)(ﬁpaggf&ges%fe pfegsblrae?nea\i);v%geg r%téa value that
is notrthg %qnﬁpgﬂdev{am gl;gdm momaq;upg th@;ensp;ta/py ofr the fahlt anglfysig wigh respect to the pressure
pamﬂem OOR®He o8 l'laﬂd tlh&es@lﬁu garan@&d isteRRified tERY £BOBL @it 1iPRasOfikely of being

assoc%ﬁ gyp @Slg?lg c lh%%fﬁ?tlﬁ?tﬁlgt}{nei thtépr?ﬁ%l.aégz%{/\lje VIf%%byovéz}not%er value that is not
the sppedasindzviationz deretandkerpasing thenehsithdy ndibs daultTanadysisawitharespectap the pressure
paraIg[egponstructlon error (VRE) criterion for selectlng t he

riate nunber of PCs based on
B'éﬁfgtﬂlﬁ eleulatigns tha ‘gp‘i’ﬁ’é”ef’rﬁ’gﬁ’l pefiyming @ & ﬁéta ﬂ'é fsyfgaling of the data that
is fedmlts gk ROA detic 365T IIFer anamide ps ibdstrddsin Fighie 8n maasUX tiscribad 4bhe may contain
data 1p QﬁFst gﬁﬁnﬂ réia%ﬁ?@%tegsuxgtd!itg rzl’secbfd cgﬂglﬁ 'reqja%ﬁgetg hﬂrﬁﬁnﬂﬂ&' armil‘d column relating

beused in
to te%{aruree@taab Fquglh @&%ﬁlﬁ% do g3 rﬂoyérté m A8 s<t ?fb “lh (A" gpfumn relating to
anothBCgardniRet. UdBacht e Rlsedgagethe |cg&ﬁnsahm;e81dm¢ kas rel@in®SS the condition of a
semlc\élﬁiu&tgragv!ifgmlwe&lca lo\{\hﬁn ﬁ[etngtr Jén Jxlrgof rgét utﬁé rl]cgvs\’\ﬁ%?g Géfﬁg various lots of
paraneters, | nst ead avil ng pararreters In

semlce'eﬂuawfeﬁ 0% B mys ﬁe»f teEpTise defa fedptingeto@ fiig spmicondpotgniafer 105, a second
semc\éﬁibbt&‘%&r ldsl'wthnﬂwéﬁﬁﬁﬁ&ftcﬁ whafr ol &hr&fgh uﬁm&e@mdmov wakeﬂoby

e:g&\%gnrlo lr}%g g%}g s?%ae f he gmgrr?eq%rﬁgcﬁcate urrlﬁ ureal} té) P Gpv{gn érezaer o§/ lesser weight
aﬁachad tPuFly @pmﬁqivatparprsetmn tlle trelune ahthamgtreledi Qdiffesent WEights may be attached to
differbHi ga&meeess @sea&bgm SuelichIa (Gyres @focaspbemgq)eﬁ&lnwmh@ﬁm%ssmg@Jol 310. For

cxamfl B Sy BRE RS PR QT SRS RECEs RS bEd fpgiion proces
as comedbe the iweighlend ab}jgngl tg alle peesuirgtaramsterndyting fphowtithpadaph ghrocess. However,

dunng @,\élpﬂstbn raﬁﬂ}egr&@ag D e Bt Yath hl%ys,@ NkighédVh b¥neRfor idW8r weighting as
YSI S Wlt resgect to ssure arams er.

ana
comp {OHEC @P?fé\on REFS: ?Te 15 lé’géuarscéﬂ"ﬁa‘f’ﬁpn‘é“[ \éire s?agn%eéafléfqﬂ%ta a non-unit
variartc® Treaceoniplishttins, ifstealt of dgiding & the arkasle pf @th dddIMnga division by another number
based%%ﬂ(ﬂaﬁi&ﬁg \QMgBtnlg a%srgﬂétlll tI) the tpg}grn&é?lnﬁ?.g apefrfo%eh h %r ega%Ipllen £ 5t“emperature is

pressure na divid not her value th .
C"“S“i‘e?d Rotore ’ﬁ@%afwa*alﬁtar e (mReABT pare'ﬁ%?férbshe HEeTEYE idatyy ccthn@ (e, the 3
colunBi8m Sik inhtvik,tX) n@f bé dicidddalatnudieabiffsdes figinttiie st’aﬁcﬁﬁﬁﬁhattoﬁ fdr it column. In
order kf &g We q‘a t@:rtrgﬁ ﬁ thglg b Inmje E&E\%l & Uzlng’t; é \I;!:ggilr%e?er a column in
per orms en pe orm ng a I S SC
the mgyfix Xmay bpgdivided g nymberythag|isshglisr tpqqéhep@;@nmléqlatgig@m theg partlcular column.
In ord@X@ 0Fukethe @Rt delebtlds bigait@tltoiba leks sEHsitiGe 4 var@billBltd 4 Yivel parameter, a column in

the mglr g(rnlla? %e ?wx?e%\{)e arr@i){be garlltlﬁarger(éha{i% ﬂle Ivag'lagce calcu?atted(%liolrélt Iart1 6artf‘cslar column.

T hroqgm‘ﬁ E!’Ftriﬁ‘ el%lha PC4 aﬂaquihms sl veTiaries an the denenrgratuesnipayr ket mere likely to be

recoghladd@s a Ault sma&i;hresa% memarmdnan Bzﬂanteﬂ:r @aSwak h@WelgfbLin@Rts@ne fashion. In
el atJ n t.0 an

one CBE"“é“r‘F& PEE acg%roﬂ%gw } 1%?:2{#&? o{ Qrgml%tﬂ% gyna%q;(%a\gelghtmg module 370 to
adjust theohveigting @'altegpaqa@ptaﬁ inrtbe qoblmp:h@f Fegyred, inj agnanpdl agg/or in a dynamic, automated
fashica€m conductor wafer 105 in a lot; in an alternative

enbodi ment, the rows may define various |ots of

sem conductor wafers 105. The rows may conprise data

relating to a first sem conductor wafer 105, a second

sem conduct or wafer 105, a third sem conductor wafer

105, through an nth seni conductor wafer 105. The PCA

nodel 365 may scale the paranmeters indicated in Figure

4 to provide greater or |esser weight
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attached to any particular paraneter in the colum of

the matrix, X Different weights my be attached to
waolRdobonmsas par aneters based upon a particul ar PEPESDN5/036896

process being perforned by the processing tool 310.

Fofunﬁmlt@f? 1ngp§ a%o?é&%ﬁ& oRsk & %n? ﬁepm ot? the %ﬁita@@&g séhsor unit 320
different werghting f analysis for a deposjtion

illustrgpcp Bigwre 4 & pegyiphr 08 tqobswerf’émmﬁmnf 17 % SoFIERFoY Bf oty of different
types Pf @6:81d) &2., parasied @fisotl$10j NGmpergdlio seddor 51006 hanulitypeBoess,.a gas flow rate
sensomwea\‘lg b elQ:H'{c gglggrggo pEOtIrPLnI ﬁtmgﬂggﬁ%dﬂ{]gctﬁeq&ml s‘an:edata sensor unit 320

n‘per ature € assi er or | ower
may owwrrgw iSFengers %eravt@&sat%ddm? Wépra@fmmo? H Dpepecsiee sergpyd 0 is capable of
detectlﬁ@ttlhq{ﬂesﬁhfe withal he gro@syngl 16611 3ual eTﬁeCtath;befhglree&ﬁJ&r 6l isl dapatil© oftsensing the

tempe Cfx%re 18 varlou Vlscal gpthe ocessmg? lbsﬁh hurlsc‘l% geﬁs‘%{‘ ?qs c%Fable ogdetecting the

var ance O eac
relativg r‘?B‘P‘H’@f ki ﬁﬂr?b%rroﬂ@a%@dhemfmsneg foelr3! P-con plthe wgpl@ﬁm prgpient {conditions. The

gas 18 Qile GRS SHﬂniylwmﬂﬁE @-BIBJaElS' of MRoyv-1a@ sqadrd 1hdt Hﬂédapaﬁ@ﬁf detecting the flow-rate
ofa plera l‘ rc')cess g%sF]s utl 1zed g&n%g?rﬂéegsm%gor Sze% tond%c‘:jtor wa 1%5 I I‘npgxg&p e, tthe gas flow
rate setnequ@r raatywmepr&aﬁeasoeﬁdhqy pan dgtect ghe flow frase @rgdse%:wpmmmarﬁlﬂh &, N20, and/or
(Mmrﬁakgl&ﬁsX) nay be di vi ded by a nunber dlfferent from

c ae gget e?x{]%)g? e e g%1léa ?efl%ggsg::lls;%%a]bf I,ﬁ)ﬁthc(teatug 2P lﬁﬁh&, of electncal parameters,
such 5 a¢lgntrgnty/grotided \Vtazr lamp pseid ﬁrya mmtohth@raphmprpcaﬁsa fb¢ topl stage data sensor unit 320
may afsg Ldﬁ%se‘ (ﬂle; J@ﬁh‘so%gpgﬁlé(of)éet@@}{g p@angt}' Xf %dfa(gﬁﬁng vﬁidﬂtk%omathose skilled

IS an nce calculated fro

in the 65 lh'lwnhglhenglt <tf &ement fxff%)é\fra e’Fhe t 8%{% gaéa 8 tfngg]m may also comprise a tool
state seh@betat iirvamfacl SGO r The ol dtave domsol damIntgBIXSI60 maeretedye sensor data from the various
sensox¥ %f a?e@oht!ntxéé \&Ltﬁln aor gésé’c%@d %ﬂ m¥£5551n@t0&@ i d Em/olr ﬁlxe tobl%tate data sensor unit

trix divid ¥ a nunber that i1's |arger
320 a‘tdﬁ’éhs“’t"ﬂé’ de‘afqt%ﬁ?é%e%afrn&e}lea %d fromthat particul ar

C OT i, nowhs aghgh G,Lhtmdrchcﬁ:talil&sliloc@ﬁilagrh\ﬁ rdpfedenali@aif the ldyimic PCA weighting
modu? q?(Lln accgrda ct. wﬁ)hnaS dllgtr;t % ggxgr[t %I" M%‘Ear eﬁm@rﬁloﬁrﬁ é)?ovldltcl( eAsylndlcated in

€ recogni zed a as co
Figure/@ thelyiage WA ‘aelwﬁéaﬁﬁu@r”? ﬁlax coggseidrultdate grabxst mMofulg $18, a fault data

input Stsfcel a6 Nin@ B PClt\rkvdi)élhe caReEh MMk ,630. hBasE’cC@poﬁ Qi s |c&ﬁpared to various

algoﬁt:?ng(s)a idsfa abroceessocE b éalt’z]i%nzgl hses ngoxma O cF grAml\rll\ﬁlorg s maglegas to whether
fil°e™370" £'6 A ghtin the net er

a pamcviartphrem@crltlunw CelfSldlﬁle‘gEhﬂW bwﬂn falltrilatmylam uratriiasb e!rcomw%pn with the PCA
contréﬁymm&subs@dflﬁﬂ%&%tcfdaﬁth|tlQrfauleF Rdt. ngaSQ(DWoﬁ Qxatheth’ﬁ&né) thd PCA welght

B LY Sy B A3 GoBl S Ly I A3 s
mfomplnm/mzdr@d senflth ¢hetPEd | comtoldr 86t & theefmdigletection tniGBO. ﬁha}matlvely an external

data 1%“91[ !a $ife @Z@ymanbe %ro\(@Ed Bl @fnarﬁh: fP&ﬁrv@%tnIgyrﬁ)(ﬁﬁle @%0 as a manual input to
sensors, pressure_sensor 510,

mdlcagee%@i:r Glagzg pﬁra'ﬁ?tﬂl tleay wgseq?g%:fi ag%ormél glgéndfte{(ri‘poc\%gt%eg considerably to a
partical@rigtir TieARult data thp@t intefaeoi2f is cghbls gnaeivind B ¢xteptat datal impuend is capable of
provxd’?tlg tﬁJ (ﬁ@tté the Pémghtr@l@&lanok I&x@dl}lep&b ﬁﬁtaﬁr%ély%ﬁmﬁe weighting of the
may comprise In situ sensors that are
I”““Wﬁ?é@?%?ed into the processing tool 310. The pressure
s eTeRforel fle dymamiapal I\Aelghlfng @etiCI70 Agy ddiemipé dSiid/er rodeivdam that may be

used tB htgusg?lg) &/9 %1% Etfl&eﬁ % a paﬁé\gar gI&ﬁet&r e'm?f}xﬁk}&h@n xﬁa%ﬂ:% Qled %@ Qle Exdlt detection

sensing t erature In vario

unit 33%@5(94 tHRC Apgongr¢iler 3P éfti@%f%'mri’ga‘!t’séé?la%&@ anyrfPéorﬁlelm (inq/gr faults) during the
procesziag _Sﬂs_remﬁs'?tﬁudtéi v@ﬁ@abﬁ €ln therdﬁir&gztﬂeﬂt@e faltecon@tiant is Mentified, the PCA weight
calcul%{xl:%nmg)hutly 63 trcic\élg‘ers Sl’nuclzrfng uoﬁr to}n e fa lL da{a ana )glrs 31% ﬁ?les élrdan{{_(h Qlle fault data input
interfgcg O) st avhethan shsrfaudig@as WHY‘C% ﬁ‘ep}t,ag@(oraw}mhgr Y [PRIGMESTS assocxated with the
abnornhl@Y\br! (Rl BulB QNGNS didhiicarall) & GARARIL aibrnflBl © Bhiel Ppdnlis data, the PCA

flowrate of a plurality of process gases utilized

during processing of sem conductor wafers 105. For

exanple, the gas flow rate sensor 540 may conpri se

sensors that can detect the flow rate of gases such as

NH3, SiFLt, N2, N2O, 'and/or other process gases. In

one enbodi nent, the electrical sensor 550 is capable

of detectlng a plurallty of electrlcal parameters,

o "
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Turning now to Figure 6, a nore detailed bl ock diagram
representati on of the dynam c PCA wei ghting nodule 370
w0 nooaoessgance with an illustrative enbodi nentPof/Us1085/036896
present invention is provided. As indicated in Figure
. [
welg}? bal(][u[lﬁ g%{cgi@lg}?aq g&%%n%%hl}ltdé& seqped\% Lﬁ7 (9" %%xgﬁl?tﬁ%{jtaﬁgnﬁwely leave
mew@ﬁ%@%@ﬁ@@“@?@““&ﬁaﬁﬁiPCA melght calculatlon modul e
63ﬁ1m1@8>91d0 EipQa7, tahlewﬁ:ﬁbﬂr&p‘ﬁes&l&[l@ﬁif&ﬂ mehodé assbddtl with embodiments of the
presex% mq' l’lthlg 18 Hﬁlstra Q:? 'I" em%B a rrgc%s%s or mlg}é s<t.n[11 go filﬂ%r Ivafgrgi(% (block 710).
F SIS ND Igfﬁ 4 det rnlna made
Basedmelt Preqess&g pEhe sepisprductorarafarel0s the smsaqm Wéisnaa emwe?t@@sy data relating to

the p@tb@@ﬁel’f&lme@yn thg @enﬁlaidhdctod G’Ef&@ thSJQBIOUlfWiO) 38@11t|1dﬂally the system 300 may also

acqulre t%(Jl %{theng zi}a g[sgxgrs Ctlo é e g ess r{o?rﬁad %Y the lp{ocessm%,]to?l 31%galock 730). Based

upon Glpantrqquaﬁatﬁ@td@r e toak Wensmﬂeta PiR/sysigs 319tmay aprforh St detection relating to
the erR:QsHJg &f L3R okiMor’ \ﬁi@‘rkcl@S Qflock m e’ﬂﬁ%ystehlejomﬁiagmgo execute a PCA algorithm in

associ at e artic
conn P HALE R st & SRE ey TREBER FoRY ROPTER-SALh dgrocssng of
semicbmlu¢tdravafesstl D (bbbekt BOL i on uni t 380 Alternatlvely, an

eXh‘féW@ém %txﬂa aflib 'ﬁgrfogﬂ a@lealn'n:eP(@ZQex ing pr%cegsr @\éhjdﬁ ‘életv@lghtmg of any
the dynamc P

nu
paric TOHPERY o\ PR GFT Y BB P G4 AT P PouEh g e operation of
the pridessiyg echl HS (R 360 BA mocH ddtailad didstchticroat! déskriptiexdof the dynamic PCA-weighting
proce&qpﬁbgﬁﬁ ﬁpfll uré Qanq a%ﬁlpdn?d‘}é @erscrl];)@dﬁl btel'owTBQSeé @]%ll 'ihe Q%aﬁuc PCA-weighting

I nput inter receiving t
proceisy ABP AV EETS P H'ﬁme*ga‘mg f gaf%%tb'amm@etsfs W&euﬂaﬁ%‘g moffgaccurately assess

any filBd Asotidted Wieh prcAsingofghiiicondlcotivattrs 003, pehldyenfk3Dy adysting khe weighting of
1 a
the Péz? E{ar%ge(eésr E)? H%hteﬁg?(gr?ls pe]‘f{)}% gﬁgg% g'%%ﬁ% ?I\rIFe tlhg R%%%dué‘tm Fers 105 based
upon 917 oevrhnplivgtled meFaTielte v eiehting fahravre pocyrgiely psgessingetbeafay!n gt abmalﬁé* associated
with tuéiﬁéiceisiag &dkrhhSdndﬁctw wil¥ers gdst(bla&ktmgh ed to a particul ar
nf or t he

de uenél?% né)rv]v t% Eligltxre %83 Oéen ag?d dﬁusg%%e of tF dgnanéuégékl weighting process
is proyided: GFhmsysten 308 jaralyzes| thet ﬁaﬂgdatadesaWyg Extym dhe rfullti detp aiadysid faggbor the PCA, in

order kPddletnSide vhethérgly faRRuIRpRGASSE ﬁg)cﬁied SRIANG (ﬂaﬁlgdlﬁ bsNorm¥Afie® B&ected that are
aul t C on

wsooSEL it P B TRGT FEUBP T8 e R ok 810, In ot
words; € syste@s300 ribtermings whathef the pbrotmealifyany Ifgult dlahoatlcarrdhtyssqo gn actual fault. The

system & arﬁﬂy@es %qlz(uQ Eiatl g%etﬁrﬂﬁ“etwhgﬁetr ﬁly‘pﬁ‘t@l‘fl&er'ﬂﬁt &4 d 8 Rdeed provide a
whet her was an ﬂg)aglual fault a

sen R P tb*‘affﬂ%m e S e K fpay relate to
a deteprhindtio off tBeLiliporcodatof thb pdr@aktes,iag Nirdlits antht fault dditdriat. Taudther embodiment,
the m&ﬁﬁcgtp @(Qltrm&o'ngr%y reﬁ@%@gcahjsg% rélMor?b&j\@cte@the szﬁneP %Wegznltt indication.

cal cul ati on nodul e 630 may decrease or 1ncrease the
wel g FitaR roTing f?eth?aa%ﬁféet spmiong o et iPRRSTTAIit) pmpded below. For
examjl€) @ pivedsOhddelnthy Give ta PR sspra par e (P),th’lﬁ]lipanaged)araﬂibtérmT)ﬂngpnNer parameter
W [
R), agé) a { L gééi!; ggﬁgrgxlg%{r é%)) 1&&@5 tetl}%b“%%ilﬁ%%&te?cil foptﬂﬁg I)ar%ntel%és n(z e., P, T, R, G) may
equal |t<hlv &t 4 RIFRmEST Ui razy e ide thatthd . By(@tdin 13D 01 n%fg?r PY25E &L § processed, the
faulmﬁ&marty m,eutﬁﬁﬂrbt&igﬁdue tne),rchmé eIB, TLRG](=b,ack3,74.9) If the system 300 or a

user tF Eermmes a? Hle Clse asnszlicglgl gult tthre]:ev Sloeuléncgn gltu %% relatm t at‘?h ]a aineter may be
may acquire ne dp ef at to
examingfl Irpth@zress@ em\p\'edhwaermwotﬂﬁé dfé,@mne Pfdlefcvmmetwd? 3@?‘ § cqigyaputed most to
the fa(llb(LrQQrK)mYaaQ') schQthI & @4¥ahd Hyghest RGeSt ﬁ&bﬁ&@ly Wﬁé’syﬁérﬁ W0 may modify the
qU|reto state seg’motl(')rt ata re atln

paramﬁt&_ \iyecﬁhﬂ%a ?Joyd"fght% an ?‘1%08 OSE %ara}me Tdha Ce[g 0?§6‘§) ﬁcant@ contributed to
the fafin Skhdrefggothe tystem ﬁ@t may|tieeg yrodlat anea/m@/amtert\wghmao'lalusﬁam@y be represented

by theRdtHOP, Hat @ = t1ihe 13YSt) efeI A nlRY nﬂﬁﬁ&ﬂfré&sfs @ﬁUtﬂer wafer lot, and a fault may
racessin f sen1co

be de%é%di?%&s%&g&?%%%h&%%m anpr%,?gngtg,es agmegﬂ 1snt€t an, a‘ctél au tt %ased upon this
execute a PCA algorithmin conjunction W|th the fault
detection to detect any abnormalities or faults
associated with the processing of sen conductor wafers
105 (bl ock 750). The system 300 may al so perform a
dynam c PCA \NEI ght| ng process to adJ ust the \NEI ght| ng

o .



10

15

20

25

30

35

40

the PCA paraneters, the system 300 may perform

subsequent processes on the sem conductor wafers 105
whamea4aspon t he newl y adj usted paraneter- wei ghtT/Dg2008036896

nore accurately assessing the faults or abnormalities

detenﬁ‘]§§‘3§ Itl%ts%%mvg&) a)t Q(gmlﬂg fic go‘?iﬁbtﬂgn Bf‘ot ad mal&(%%gtgﬁhgﬁonv@aft fE ﬁarameters P

g) Turning now to Figure 8, a

and Rd@i“ﬁt F‘@’d“ﬂ‘ft?wt e “false L&Y almi TRORSE. therestey oty modify the weighiing
accorﬂﬁéﬁm\hﬁ hlgdHtinBr (bR CRS. IFer ampld, dedew Waightiay Sit©mndl Be represented by the
matm?ﬂngy ﬁ?é] H flaql Ll]d a’f"&% a{ggxsft\'tllntd) '&Qexlfn'{n%’gﬂhtcﬁ %alfalﬂétérg todﬁliltﬁt based upon

s a or’ t I'n order eterm ne

contrigyfipn yﬁt&’t valees fondk hmwaqﬁi@ftetb% weightigesi 9t gsevRarafeE Yooy | veried by different
imple@EntA1H Q:l'gmiivda}sl 48 oldettaatoadmtibay bal € oGS @maﬁtrﬁiﬂlfy\khE kop trkiparameters,
alwayQ g’ %Sﬂ?e n%hP?gaE?r anycl%l'ad rts %&tb%@alﬁlee:ﬁsrea%hgl?t 1\‘75\/6?(353 uﬁxe ﬁlyovg examples were
provx@gi §<tremr®9cy lu@tréwmmesm@t prssmeteriemayhe oveighipd W%tdmsta% flifferently and
still rdnfah Wil tRRcIpLhmsASt of e frose@Giveionf aul t. The system 300

Sla'f'lge nsé{t]%rl} ¥@hﬁ?&€\gg§%¥ 1111: CO%HB%LIO% ?0 1?]18 éte Hgscr;r%\e/al\h e‘btlocE 1(53‘ rr%ly receive an
exterrg| igpvit felatimgrtp the oawsas pmmcayﬁespﬁtht ﬁeltsf(dmlq&@r Irabhtowrﬂﬂ the gystem 300 may

receiveRn %@at@)mﬁ@ﬁi'am@ﬂgmal ts<hﬁ:e SMGJH d%hl@ B8 hn S@Adal éo"ﬁdﬁﬁtbrom clier or a manual
relate to a deter

atio rt
input 61'3?1 é}ﬁé)?eée}tor i ca]-tlilg %‘]\8& tgg int%teii ﬁaélfosathl ztctu?lﬁ’%ﬁt ag&?r »F]het%fr any parameters
assoc@tdvittethe Butba dbrvawmlity ptovidessiggificani atributiontottire fiplftor @mormmality. Based upon

this da@] @ SysteR Mo GRH A nvﬁét@t kPReBRE, V&%&Ehsé he 1&@%@%%& the weighting
and the fault indicati e relating to t

relating; t@ﬂ? ?Ftﬁréﬂrtpa%ﬁ‘frf Telfi‘ﬁ’tgl ‘?ﬁ]i‘e fabhsébl?‘ﬁn‘s‘p or abnormality is
pr e dBEmi300 darrmikra) or éxisfmpled thana part@clegsraneteielid indeyd frewde a significant
contrlgutBﬁ fomd idtecRE rfa%ftmtﬁe%rwe gggng dt tﬁa?mtll@xt #ﬂya%egta(e%m%es&l;@ data) may be

power par anet er ) | ow rate
mcrea‘geélrt%ﬁglieét]c sxs@n 309 mpre IS%FIPV to ifﬁé‘ﬂ%é?f@ mtpaﬁ gararneﬁter eSa@Har]éjf if the system 300
indicdtdd @8 noRig AR cBfitSbulibn t6 the fabdlt wds priRide@y SRaNMicatpakmdta, the weighting of that
paramete?tf ’the?atﬂ%&%?& & KfC ayz_li)e \1}\% er %tftler:jcgseg Ir?%%)é{é’egie gamagdet%me that the
weightipg pft pRBisepTRaTamety et pichaetdo Thprrigte: E’S‘F grighting ef #ppyparameter associated

with tﬁhﬁrﬁ@%ﬂg%f kdmicodductt: wadrs 705 BeludhgZhe phranreidrs Silustradd if e exemplary matrix

ser determines that the fault is an
pmv'gextﬂe“re“ (V] e"toﬂ’g dsarl ous contributions relating to

ea@hqutgpplameﬁgqrrmm&pn [ydhethor dqrinereage, dpaneaseh er lmvg urshgnged the weighting of the
factorS ¥R €, thd BRSUSE é@t&h 306 mBPAynalet Ak mid']%elklh@d tht Ftors that caused the fault

ramet er ntri but ed fault
(bloclgg brrﬁigfe eywelé:h rtf)ctge %ctgrﬁ ahabcaltfgand?htféulh(lgléﬂ(e%{)) l ﬁve tlefd»éelghtmg of the
factorA\wadbarged (logk 86(he Bayedtupon BOCIymenjc adpginfeyt ¢fithe pyalglamettbfr new weighted

factorg)'ﬁzirmtetsqg: pﬂﬁfﬁ%— gl’ &Q"o;m%gaadn%ngerulttdE}E@nErpz{nd/t)me(block 870). Therefore, the
par aneters acted or significantl li)‘/I%ﬁCOﬂtI‘I but ed

gt G TGP rh by BPOEL S 0t SO S SEHapon vanous peraions
and Rdubdivg dmltadervenin patlgde trdfor \BEIAg idrforngpd vanl e data atlatimgyto btbe processing of
semic[n%git& ?eg’seg)S byl'hé O)”@Eléﬂt@& %cjt:ors ;l;ay Buse(é] redilct[lo]vof :l:alse ]fauit'mdlcatxons and

stem 3 process anot her waf er
mcreqseotlhe seg_srxfantéo pa@fnteterﬁ.ﬁ?t PR aﬁtéatllé eTUéqj&gnAic% glultsd)lr alfxﬁlénag%t gfﬂce a more
accurai®fses@¢nttoll &b cahaitiar sTitiRerdckisihg foble 3 fogidifdrming tha @tocases aCthel Sdmiconductor
waferg ?(Blrrtxa'% b%%%gne grgsglg 1:[12%13%9, egf{rgeﬂtla% r2bn 8¥ ﬁaﬁ?g}ﬁg%%m3%)gld reduced down
times éfetheaparifagitring preash Bterefdiee utpiarnamoémmpofamrqssnéwﬁmﬂmgﬂeffectwe and
accur.’ﬁé Sbdefsiagiadithdnymiyde plidrmddad &ievelnidd decurdidveRSHAGIS Safel 108 characteristics
00 may nodi fy the weighting according to an
m for those factors. For exanple, the new
meTlgmwglsftmttwshmgﬁmb énvension easehstimplemgtc it anyAd yanogd Pppcess Control
(APCirFrarE%wogﬂ such bda Ghtalybs sydtem fornldrly offbted B) KIOK T&nbéY) 1@ The Catalyst system uses

Semlcgg ?tir) nk{]}?qnvgmﬁtl %F Igaaf%/ngrEltgtgrrngnoéﬁ h(ggﬂdpséoga(ﬂgt%rg Fntetg%teed Manufacturing (CIM)

wei ghtings for those paraneters may be varied by
different inplenentation (e.g., always add or subtract
0.1, nmultiply by 1.1 or 0.9, always nodify the top two
paraneters, always nodify the weightings for any
pararreters W|th a vaI ue greater that 1 5 etc.). The

and imy ovec? Yu%l%
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this data, the system 300 then determ nes whether to
i ncrease, decrease, or |eave unchanged the wei ghting
w0 edoabigsgo t 0 the factors or paraneters rel ati npCt/0S100£036896
faults (block 830). If the system 300 determnm nes, or
Framew%rk &f gﬁaq?%Stem I?e?ﬁnof% 1Qsa£1&dl 19 Blels%!r onﬂﬁler QMCQ{]PS{:ZF% é&qugPC) Framework.

t contri t1on
CIM szliMI 1581 -e69en ansgml Speyifisftion fra CI Araptewerk Rempa Asfiiacwre) and APC (SEMI
E93- ((999 -@rowsuﬁﬁl@p&[fﬁ&ﬁ)ﬂ f2 COM FRjnewdl ABRnded Bfommﬁl@oﬂiﬁﬁeﬂt) specifications
are plf 18{ a%%ab?eng'ci QE]\q]gr'[?lne ?\g?l‘cfral:nlc:\}v/%k %soa eper”}é/rrey a{gn{ at I O%S\allnal tf) implement the
contrgl h\afttegn trughit §nibe ipresent mt:eetmnr iltbgprrie @mqu@nﬁmﬁeth@f AT frampgyvprk can bea factory-

wide RﬁtQ/Hk SREAmMDYerdore Ahd dofitetl @fate@@d‘ t&lﬁﬁttlﬁlrthe prddént iﬂ%nﬁm damgk a@f)hed to virtually

any o% téna Efggc nc%ftﬂr rg:inhtlé?tu éogré on fhﬁ éactgvstfog?hol%ﬁ %%rame n(;q%arlsrgn aHoews for remote
access {md tmonitpeing\ef thghprpaagy pgrfonaanpﬁrlfurtbqurhfap, b an@mtt@rAHCefrmework data storage

can bU %Q@:@%ﬁient 'IHR#J ﬁéx@)iee andt18€ e%@ﬂsglg tHah BefariRY Tﬁ%amsrﬁerwork allows for
oci ated W# L roces sen1cqg%uq§qr mat rs
more i(w ‘Stlcf‘tﬁ Ve Qnt{o G iLprond f‘ % r11 icpt pmopnt of flexibility, in writing the necessary

softwgxenpl ary matrix provided in Figure 4, may be
MOBLdyfcht oBaé OnifdP QRch Guhe b ihTipRA Qloenmﬁsm{he bPC framework could

i ncrease, decrease, or _|eave unchan ed the wej tl ng
requi e PP PLEEHS RPN 4511018 SPERIPES W‘fhﬁ‘e‘h"s BR300, = compuer
scnptrmymdwfan’reaaabﬂ te @ehtbondditgrhbantifactiriag tdoch@ived tnhtact capaelsetkm. When a

semlc%)%ctgr%flnh Q(K)l égé %on(r? Q%?egm %Igﬁné’ﬁh %tserhlgonhlﬂﬁ)r manufacturing fab, it

tors t ause 50), or |eave
generpliyesalifaipefhi fcﬁ@‘ R fitiptg éhefaattopélrasls lﬁweﬁe&r?gé‘& PEI5Ps EFaLrgltspysuch as the overlay
contchﬁxS etle tHAOS rtehBdsAyepridrally adijnetSdndpdiforridd i th&e Wibtg hTtegyelopment of these
ol 05 D5V 1 G808 ROV EL 5 B0 Y R 8 wn e
preser(t tywerélkn |7 99 implpmentesfigse ether tyRes ofsinyfetiring ffequﬁl@
pamrmltnanas eﬂa))dml:ests diydied aasalelay: imBirdise adl, ﬁtheamfeﬁtEHninﬁyl @¢ifodified and

ased gon MOT A S o2 t 008 kﬁp‘gfor € a havuggt }111e benefit of the

practif:e P tdlfgrefl Cutt 2 1valentar}1an§<?rss apgn 817 IBE?AS &
teachigjgst hareine [Ferthemmyret oo ltnh@tlcms are e@sﬂngo bé d%aelﬁpfb?emml?mr design herein shown,

other \ﬁﬁg &d %scli@éiﬂ 1]{1 T}l%eclaﬂﬁsvﬂe%wmﬁi 8 MeRebrd A5deR iRt B@XSarﬁ@Hﬁ @mﬁ)dlments disclosed
reauction. o

i ndi_cations ase
abov A G § Bl St PR, R T Gape 8 spit of the
invengdng Acdordireiyt thé protkdtign pghalmnedr isres spttforthgn thé-lénmebelca/ nor e
accurate assessnment of the condition of the processing
tools 310 perform ng the processes on the
sem conductor wafers 105 may be performed, resulting
in a nore efficient operation of processing tools 310
and reduced down tinmes in the manufacturing areas.
Therefore, utilizing enbodi nents of the present
invention, a nore effective and accurate process
adj ustnment may be perfornmed to achieve nore accurate
sem conduct or wafer 105 characteristics and inproved
yi el ds. The principals taught by the present invention
can be inplenented in an Advanced Process Contro
(APC) Franmework, such as a Catal yst systemfornerly
of fered by KLA Tencor, Inc. The Catal yst system uses
Sem conduct or Equi prrent and Materials International
(SEM ) Conputer Integrated Manufacturing
(C'M Framewor k conpliant systemtechnol ogies, and is
based on the Advanced Process Control (APC) Franework.
CIM (SEM E81-0699 - Provisional Specification for CIM
Framewor k Domai n Architecture) and APC (SEM E93-0999
- Provisional Specification for CIM Framewor k Advanced
Process Control Conponent) specifications are publicly
avai l able from SEM. The APC franework is a preferred
platformfromwhich to inplement the control strategy
taught by the present invention. In sone enbodi nents,
the APC franmework can be a factoryw de software
system therefore, the control strategies taught by
t he present |nvent|on can be applled to V|rtually any

o a1 L Y T L, - M | T
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Depl oynent of the control strategy taught by the

present invention onto the APC franework could require
w2089 of sof tware conmponents. I n addition POI/US2005/036896

conmponents within the APC franmework, a conputer script

is witten for each of the sem duct or manuf acturing

tools involved in the control em Wen a

s eMBAGHSGBAMEDmnuf acturing tool in the control system

i51starhadﬂbmc&Mﬁm&§niconductor manuf acturing fab, it

genq&%m X“mr ww Hﬁ nascript toinitiate the action

t hAPTSEF é 8 the process controller, such as

t heerfevrevgl aafylltcietmtlp@#nlaleﬁis relytng tacsaid propdssingent pristigorkpicge (105);

g emseernalhinya Qﬁﬁ&@ﬁﬁiofarpdraﬂa&fr&mga six@faﬁlh&&@tioﬁ Ghal ik Bo-a ddiB&ed fault; and

%cﬁlls?rf%ng%ne:lghgx&aﬁogﬁte \fll % pargx% ffr bﬁs roing?qd rgelag%q%l"t\i;r) gti said parameter to
syst em saifivetegged fmudti pal s t aught by the présent invention

Caf] be Tm&ﬂ@ Bt @b i rf&r@wr%iﬁﬁism*gﬁﬁ@rﬁun@fg amHﬁsﬁﬁt{)FJ pakhheter relating to
articuyl ar enmbodi ments di scl osed above

said fg\}“ﬁ?ﬁ"ﬁ gntal,ygf fo éio tsﬁTcV'au té’grthFIi,]Cé)mpwse ]ern&lﬁm%g)au%lgon of a parameter relating
to saigrfacli deteettbnamdlysis roeecieteaelfaultn di f f er ent but equi val ent

maginer STRRAE Bl c1di 1 tfm'@l%recon%bﬁs;nlg @geﬁnﬂungaeelﬁ&ﬁshfg %i"a{ ;ﬁgimeter relating to
the benefit of the teach i ngs herejin her npre, no

said il'allllmiqteﬁtllqndﬁglysasrtg Iqﬁeétﬁch@alt fu&htirﬁgmﬂgffsa(}e egmblﬁg an 1mportance of a parameter
relatigp061@id faidiideedtioninalfgstb g dethved @l shown, ot her than as
degcri b?&x{le{howﬁcaﬂ i %@&8}% It is therefore evident
0]

that the parti cu ar e iment s di scl osed above may be

al fetsmaiging phathspsaid; detgetedrepltay 4 sieaifieaqt Wt 7t i ons are

C Offpistlprsaid weighithp Bssdchied SO pad @ithes{bakdd tup@f deteditning that said detected fault
i nventi cordingly, the protection sought herein

is as 38 Slgﬁcaﬁt felmh the clains bel ow CLAIMS WHAT | S

CLAI MEDThemethad pffalio b furbenephirsingig:  processing a
vvosdqahmtr(ﬂlgy&)ata rdl’é?lﬂé @lbfsbc@gngaalﬁ a/uxlkbledéetoept i on anal ysis
gg{acglgmrp ?0:_1] Statea 9artaerr¢lgt Sé%lesrs]lg%?ald woqglece:f@q pl T gleat( IlgS) t 0

s afatrelpting Isald teitology damné\wa! tyoé, ptafe datn vathd@d élelt dagh th ehatatterlzam fpult.

adg ust i fg Rt |og£1£dnrlg wﬂéé’t@@étéﬂﬁlﬁﬂg \Ml(t Rlaﬁ@ﬂsﬂp ped ﬁlﬁ%}ét@r relatmg to said

on sai l.ops arapet er
fault éelctéo&ag%ysF é(bf iietectfg fa?lhgj Reé ?{)godlseéfietsrp'xgilr% »\_dL'let ?rlj?lfl Hg?meter 1s a significant
factorpenpaedsvithgaiddtler m ni ng a rel ati onship of a paraneter
rehati ng of QmSG pfdridrid ag Faul @ REdnluORy ARRUMS WsigHiiRe Bchnique,

detected fault further conprises determning a
CHARAGEERIYEhngrt 2 paraneter relating to said fault
deﬂxesytstbrﬁnomadsy& s to a detected fault. 3. The nethod
ng a
P of Ep il ot (1 L}l dARESloReh SFREEPLONS, & ot ¢
det BefqlasHn toaﬁ(éwgq qying metrojeay datp é"éa“f‘%iﬁ?lsﬁld PRRPeehisFformed on said workpiece
conprl s@ass)dejrendsinkirslgeyaia;i mport ance of a paraneter

to said.f e ti naIyS|stoa
de% %?:ltsgzi%d faure. 4, (%L& a‘%e‘%el‘ilgoé Ltggda?ﬁ aim1, further ‘
comparirgierpperatitely spupica forigid misesstingriool Gl ¢ wekbey ol (35904nd tq sgid tool state
a si gni fdCanmdor fuﬁtu('.’;ﬁ(j) Qo) 1&Sb | lpagms al fahnv\&tegttbhlaﬂgyms relating to said

?ﬁ;?cggft)rgce(s]seng %a% dvo]g(ggfet(%&gke({etermme afrelcan%hlp eettw%%rnrg ggramgter relating to

The net faidfadf de(ﬁﬁlcf&!nmﬂfilyswqyﬂtarﬂetpct@ofnw paid prytrolige tpudlyoj adigst a weighting

met r ol OQYOCQQB @ith glhd@tataRterd KaseA LRSS kdBoR b df WRIPKRIN&Ro said detected

(105); fa quiring tool state data relating to

process H sai d wor kpi ece (105); and correlating said

mes$.r ol oghe sdmraofahdn Saiidreincell catiraliee fulth¢raomprising 8 digmic PCA-weighting
moduteqwoy sditPdyRartiOP EARLi R MR (F0f BMbiisingS- The nethod of

claim1, wherein deternmning said relationship of a

paranmeter relating to said fault detection analysis to

a detected fault further conprises determ ning whet her

said paraneter is a significant




factor associated with said fault. 7. A systemfor
performng fault detection using a dynam c wei ghting

wo embniggse, CHARACTERI ZED in that, the system PCT/US2005/036896
conprises: a processing tool (310) to performa '
PT ORES d i@ QL a (B3Nt factor
FoF BEE S B Pl PIOGRF by, BeiE S ek 38 o i fctr i
perforﬂ%ﬂdﬁﬁm§é?ﬁ morkplece (105) to provide netrol ogy
dad aplt atd @t itdrateq 62 tareGeBP IO exteHil tat{ Didiodting vhakRE bhid farameter was a
tool stat peratively coupled to
said pro %Sﬁscasm%%atbrtmSalmod(%i%flau(?t ang ol ogy tool (350) and
t 0@ dyrientict Reft weighit ealcdlaton @@H@dﬁ% ¢ WyreaEaly medifygsaid weighting of said

contr ol ;La&ﬁnefepba@ﬁf ﬁ;ﬁﬁ m Rast 3tH bf HARtREMhiMo Al R iBdication whether said
relating t %tersv{;'1 s 1ca tsfact n% Sgld de%eaclegf V\f?r kpl ece ( 105) to
det er mi e 1€ ons araneter relating

t 0%-sai dA femputer r@ela@e pqozmn apramﬁsv@ eawdedamwelﬁémﬂerd tHap then executed by

a comﬁﬁérdpeﬁsmlg b Qkth&d, c&r@rlﬁxllgso adj ust a weighting associ at ed
W th sai W@%@ n?1§ based upon said rel ati onship of
aWﬂwﬁQFé fefi¥%ai d detected fault. 8. The system
of pedfbraniinga Fault\dkrention analgsis relatme tot spid pioesssifgiof takierorip@pi 953 ng
a &i%ﬂﬁ%%t afe %n‘ﬂfr‘ﬂ & QbﬁthMhﬁo gg’d7 le)lb deR&tofl argmgma(aetected fault; and

2 S NG OYD) Y AETEOREN G RAR HEporga ] sid parameter

par anet eid dwageddaulti gni fi cant factor in said detected
f aHJ t; Phe c@xlrﬁgu'ier ge@&a@le pH)QHI:n slomggﬁefvﬁg gncécﬁg Q')th Okl {hytewhen executed

an ext ernal data Indicati ng whet her sai d par anet er was
by a cgmpytes peRiqrpshe methgdioblaim g, fg%}reacoa*@fl%'@t ed fault; and a

gyaﬁ@mmg niGAlogyeiag Rilatisgib pobadingaaid wotipibee (10630) t o t
[ [ ar amet er
yéﬂ@a n%q 0 %atmga rglytmg ﬁ) goc%?hgggﬁd J&%g(gl%ie (% Qndo

on at | east termfation and said
i n@ﬁelatnz & mm@toaﬁeéatasaa‘# widgen! sitedat witigad Bulsdatpie fppesyize 2 fault
factor in said detected fault. 9. A conputer readable
program storage device encoded with instructions that,
when executed by a conputer, perforns a mnethod,
conprising: processing a workpiece (105); performng a
fault detection analysis relating to said processing
of said workpiece (105); determining a relationship of
a paraneter relating to said fault detection anal ysis
to a detected fault; and adjusting a weighting
associated with said paraneter based upon said
rel ati onship of said paraneter to said detected fault.
10. The conputer readabl e program storage device
encoded with instructions that, when executed by a
conmputer, perforns the nethod of claim9, further
conprising: acquiring nmetrology data relating to
processi ng sai d workpi ece (105); acquiring tool state
data relating to processing said workpiece (105); and
correlating said nmetrol ogy data and said tool state
data with said fault data to characterize a fault.



