FOR PERFORM NG FI NAL CRI TI CAL ROL TECHNI CAL FI ELD Thi s
i nventi oo el/@ims generally to sem conduct or manuf act uri necT/ESd/2250r €

P o Sukiiagb G AN SR RO SR B NE R R ARG " E

technol ogy explosion in the manufacturing industry has resulted in many new
and innovative manufacturing progaSs@earLi@fay s manufacturing processes,
particul arly sem conductor nmanufacturing processes, call for a large nber
of inport an}t;hlé g ton ryipfesseenelly dsericandugter mapyfactising, iy more Pﬁi“’“la‘é{}‘rd" a?’ﬂg‘?"é’? re,
reqsli r gpparatidifigbtomid éfor bdﬁﬁuibﬁoﬂﬂﬂﬂtcnﬁd’aﬂiug&ﬁefsa{ deificbriditor vafesd t o mai ntain
proper manufacturing control. T @Q ? of sem conductor devices
requires a nunber of discrete process steps to create a packaged

sem conduct &he tiehpplogy ¢xplosion Bvihe angpufeshging indrstpreipseFepuiipd ITPRany\Agpi ad gnnovative

proc esﬁ%ﬁxfacﬁfu%’ﬂr&c@s@es' ﬁ'b&a&’@-lnatﬁl'fa@fdﬁukk ﬁ(ﬁceis&epaﬁﬂﬂhm&ﬂl%ti&for mﬁuﬁctuﬂﬁé prbddQes,
slicin sem cqonduct or Cré‘Sta into ind

fabri Cgat“ f(()}'ril lgrg% er w{twbstepa o eﬁegnrocesa rsltel?srﬂﬂ u&rﬁ l){ H%l %¥a fh%rﬁis re reckugf a nrfrabe{ he
pac¢k agofrigpussiickt 4ré gméralb'e‘m-tun@ tohaitthie poparplastifagricioeitob, are so 15 different

from one angfhar. fldeSiechRdnidhd dhal rddifes A AEBSSESitRY ;p&e@%ref)soron@dtel o
di fferent nmanufacturing |ocations that cont ar n different cont sche

Anong PRk EF e misPIAugter dpVice HOREY SRR R J@%r%usrréﬂ‘iﬁffe&cffoar‘fw"dr@wm
waf er - bfihe/arhiebndicddr mafeti,nise shdiigtof fhe enicdnidueidr doystahinmg un‘datdhal wafag, the fatlalcaion stadeat

ol U R BIdoD Ry O o BT Sk LLAE RS Bhli Bl O s HRIRICAL SSLS ©f

manuf act anbe rocess
modll edifferent e precanotherragd aRpciplisad et the praceess ay bR eer&rrmdeesd@tr@war%wm%
adver sgk%o@ftﬁaewnggl dhﬁresmﬁﬁofga@‘n@g S i S t he phot oI | t hogr aphy criti caI

di nensi on f nsi on. cont ortant

steps in t hg‘mﬁ%tk%fgft? hﬁt aé‘%“h e"%\crogél 8t SLERES r? uéﬂ%‘?" wr?aerrflff “é% d va“a?ons TR i cal
di mens ravsed bp marubicturing podbless thatarpinde startunt difectiaf giapufagturing macking toels, m@mpw effeststofir e
si ze CQURAcREnS Mahtie, ARl Wl eﬁécfsckﬂdtmlglﬁﬁdhhiﬁ ef §r'oge§s bR nftithArRg Q(iulﬁne_nt

senj conduct or devi ce. Gener.al nt err

o C OB ok B e Soh R R rHHY R S PEors o e e LA R SRR o
ar e cofunetibedCi@baladicedsioncbitwhad oneAef sevelah @hpogant fsapsi ini thetpbgtoligimgtapler arez iof i cal
di mens Eeﬂrnc%ng u@for ﬁﬁﬂ}a&mu &ifdal gﬁr\!ﬁsﬁﬁ %ontr%hﬁvcﬂ%? QszﬁHnF ttlﬂ%e{ ﬂ%fchl@ﬂcrﬁlffeanue

m sal i gnment errors 1 ncreases dranmati cal l Gener a process engi neers
curr enf‘Fey"%‘ﬁ%FV% the pefpe! giopitferiure gipeqg the sarf%% atSF‘Wé‘?d‘é‘E“’ ’c°ﬁ Gepgrally, ginipigation | o,
t he anaf:yisahgmﬁbﬁ\t drioss mimpdeﬁm e:rsme that ths ultigle ydroof i lsenicopdigtoe devices qor @aesisd t 00|
Se&g I ngrﬁi fUPcH&%‘ Ay tec On(%g ?’Jc#ll&tes 19&?&&ﬁ'édsﬂgs fgpgﬁlcoﬂdﬁctngl&y% r}e&l fgrotﬂé rol

t he” manufacturin ses. orre 0 he probl ens associated wth 30 the
cur r enfedyriiprhefepisa &?@F’ﬁd’é“’%‘ﬁ‘éeafeéé@nﬁtﬁéﬂy t he process tool settings are only
updated a f eeﬁetdnyr@socas ey Mkdis cufrently Mealya®the procesy eiten talfaw tirida @ nohith.C EhSredudOfrom
uDdat Che % qys%eor}%e roe\é s e?rrmfs %Fen&gd WH{@' gyates I}@E%cegé 1351 Ssettift rn%(u?all& N Ge erally, a

seni conducto nut act ur are not organi zed and repor arit ty

contr oknﬂlp’éqc@drﬁﬂrmdel leléfn’ed rorﬁentrﬁhthwaefae@rquw&el @mewém erobleras ?Sf?éﬁ'ied Biths

er B S the Nkrent Qié{llédsclﬂcmm% Qe £& thAR ke Frodess roagsemgal ard dnly WP £0tRE b Giondf

subsectigns wt seni c or devr ort n er. .

per f or MBNEE 6} CLTTﬁ@y %rf’u‘fcaéf gattes AEESH c g%a"d e@r }(\:/Iém Y ’1@% eg%%n semicon=

di mensidetrs nghufadyeing arb-nsem“ganams andsregortedh tp tpr@llitx/ svdtrp'cwrrorglalt e@ftengibp erapificpiribgy e
to be WolhdN tﬂe@selprsﬁd%r %mﬂe%aces@mam&mmmfac@{nﬁ QLB rrdrer s&mtcp Rl u@,t or

devi ces to I N acce e manuf acturi n‘?‘@% ttl 4 of
oo S SR e SLcmAoE ATvER PR PP AR i 6 DEREHh trtigpar
maasf adévicei r@nttcujodunmbrlsed then subssprtisnss euch @oIpolpsilican gatesp paerallyr have 3¢ darvéthin a
foll Owggdérarmﬂgooaqeﬁm of 6r (R0 EHAGSE W ce VB bEWifhin ar;ceas&érnrnqra&&mglimty

manuf acturing too nicates wth a manufacturing framework or a network
_ of processi E’Q“%ddlsﬁgPrqqﬁ%m&ﬁepﬁﬁﬁﬁff%fdtﬂnlarlﬂﬁ of Wes 9n @ segugpadustor manuBeiing ool t o
an equ bermeamxtexpdaﬁrefotlaﬁ estepiher Egatin@redwet] By fodeDE of the seBi0OMBRL R thafeR irfetdiamib ne

cormuni B RALE fol QmFERR i, L BafiBRNARS Elhoy bR B0 38 i Bl 1
t heé0 mamakudastuging taef if zearr@ibmnoecteriﬁe ameguipmaw tterfaes: fThe equipaant dteriapegis cgpngsied ﬁa? t of

an advaRgem iéReas ViRt Lispper(¥dfnectsd] MeRBY fadiltBinf BmrnfhtDA Befebid Bt Q&ppé and
control script based upon a manufacturing nodel, which can be a software

program t hat aut omat ves the data needed to execute a
manuf act uri ng proces ““m!“ﬂmmmmm conductor devi ces are staged through
mul ti pl e manufacturing t .for nultiple processes, generating data
relating to the 5 quality of the processed sem conductor devices. Many
tines, errors can occur durr ng the processr ng of sem conduct or devr ces.

— o o — o o o o,

, e3ea<Da@0N B4BC6CT<DKs- WO 02/ W‘l 1/ 22544 NMETHOD AND APPARATUS .\
L»L ‘




performed using the acquired netrol ogy data. A feedback/feed-forward
nodi fication process is perforned in response to the final critical

di mensi owceeeniorwl  adj ust ment process. | n another aspect afCTiseipesasent

| nvent j0RanufhoRyit ﬁametv&t PR\ ERE utte}tac&éaﬂ tgén@Ja Tpt e patt BiEth a@bcbd ﬁadessttbxta%n@qp@ﬁs

during processi (g sem conduct or. waf sfem '?f t g gleesen&w

i nvent PEFM-c Shpph PG dgtem dnitiates 3 coniral jount bpss “% ad?aﬁl‘,fé ing giggel, whish fnbe gy software
deposi prbgign a]afmttoaiatmnjz)&trmm he U@ Neededstul kfcawe a ofanwdacsisy waadu Oftar, sanaoaducton
phot ol 44 Ao g\éd e Rt ﬁﬁﬁt'gﬁ? ',rsn&{] cruflfed 0B 3 @@tﬁé prtaeﬁ S adipe 4 GRS redtihd BCHe Of

t he sem con tor war process t chi ng excess
mat&ri euahtwesfdm |Pﬁ§esfqdofﬁ¥’iﬁP’t96‘é‘§s‘?eh‘§esof‘4at’hém’§% e n‘iﬁi‘.:c?ﬁ‘iﬁtf dyneethe chﬂeg of
phot f)l %etnltt@ﬂma&mévreéao h‘hesaérrdrseﬁﬁ tan@ upproddbltl ifdnsisthaéslinhe cxﬁicﬂ@ﬁn[eﬁﬁdnlﬁ af hpltiple ]
coupl ed to eac [ Rrocess t oo ol | phy
tool , BRPPRE™ gltec‘ﬁ"cﬁsrs dcsegnco (tr%e‘\'/\%ler gurﬁh The> ftrac nrlteahtl REEr ea{%rtgrs ? E%’ge%g
of senetitiog daltentlea,snartmuielyctbﬁnt'mbtrltwﬂ plimensiehs pof rtmmraemterﬁ of e plecaated tsmconetcw
deposi fdyRBBE REHES ScclppBle toldrdtSe RGAO! | t hogr aphy tooI and the etch process
tooI a con?hter system el ectrom cally coup] ed ﬂ- rfrgechl ne int erftfélge

& conput e es%*?’é:‘ﬁ"ﬁ‘@t"’hﬁ deefpd 7 erersPmE Y PP I °t“ﬁ ©Hi et ABET § at
Ieast poigemsasttfathogyvet ool coupled with each of the metal deposition process

tool, the photolithography tqgéCL@g]gu}BﬁIﬁﬁ»n%ocess tool, the netrol ogy
t ool being capable of acquirin tro at a; andaflnal critical

di mensi on cHyfoe éﬁpecé?fdbfrﬂr‘ts‘l‘t‘ﬁtnlﬁ‘t iqn, wetquéﬂprw ider] for qontraleof fingf esical dimensionsdpring, o
CoMput frocefsii lo€ §8midoliictbd Wedidrs. mnﬁmfatmmlmﬁbfmsanmmoc@mrﬁ B Iproadsga.r Methalogy Btk

bei, ng bl e of causi uter. s I apt rol
gl DA difesresdo et el R, Y iaf el R coibo BB RGRR T
DRAW Nnﬁorﬁwé usmg/étqtapqynemwobey éateleﬂsftqéb@kffﬂyd-foeteft mpdification rrosess fipparigmied g

descri etﬂo%tétﬁ&mldnttcétambﬂsiaﬁtdneaaa}hmnt easccormanyl ng drawi ngs, in whi ch
i ke reference nunera ﬁ dentj f % |ke el emen

1 F st at eoota e Rt S P pYkaRst AL BAGHeAy P B WELHEEA Attt
Fi gur editing Iptocessingadf @emisondictop aters.e Thediysign afithopressntprvetion sqrrwgsels i mmetalodeposition
pe r2(]; or mo&gs tB(h %aﬂHﬁL Mﬁosﬁ@m&al Q%stﬁl{lgupmfl QS&ke 6f’3\é§ﬂ£anﬁor \E&fg'uz{ ﬁw%hthography

|IIustratesaS|r’trpI|f|ed dlaram rocessi.n e for pe g

phot ol foehgels phetining fnétaanﬁtg"P 1Hhg szfﬁteFtemnst‘:@éw ory ?ﬂo‘tmgfttss toof capaBle of

r epr es atHigtek@rs rﬁn‘terttahesulmg frodigodeaing bt thdwgmicheluporesitenby thephetalithagraphykOolfat lgast e 5
111 ust tﬁ%t,&a%?mft {ttetfatttenatonféﬁfy%tpieg% técwptt%ttalrepts%@atets 164, @meerltpgttshng

t he st rocessi ng sem con uct or fers and acqul ri n% netrol o \A at a,
as des topt B’é’d‘h? ALclEpigerssetonl; whegsin tht/vneffe*z/'%ia?cls Pepepleigbendinecat feajt opy gapjrel igput

i | bsist padr@ser td Ehch uf thé @letall@paitibn précebd OMILha photdliEpge idof tahdihe eith plo&sssbaps f or
perform ng,.t L,nal

Foscrt Buatptet e, bRon S8 byl ro e AR (e it O ) i Snf Bty B B Smofife
one enfeaiaghite m'elffacpeat feayt mlwge'r@tsat togl copwfmlﬂpe?ﬁfaﬁ%tlemetﬂrﬂqusmeﬂatrpcﬁswolathﬂ 5
Fi gur epl&tdhlhbysﬁh& &toe&]dahelztcﬂgﬂéce@h 16 It T etrOI0 8 YO0 & Béi daﬁhﬁle@f acquiring SdeRoTody@ata; and

\(/:Ma![ ﬁul)%‘ I n nglcz(q enél:gnl c]pnnio algon{hglsuglﬁ foupnlf] c%/ Véﬂdtlheg nﬁeﬁxo&m {ogl a{uﬁt[ng c%r guter S ste%ct?nof'maiince
s u$e e ptritigkldimensiom eintel 2l pexitip fumt heingogapablerad cailsing theLompuger pysiemsto H@ﬁl@t@tflw one

enbodi pRRbISH ciﬁhﬁfaﬁ,@&“ﬂ?e\g‘%nﬁaﬁﬁ“ﬁmwm way of exanple in the draw ngs and
are herein

description ﬁz(r:re: ﬁegfl gpgﬁlﬁhE%MMh?w(ﬁ)endegoﬁvﬂ m t hﬁtet e

invention t @hdi@vention nueibt irclerstard Hy aeferenceltoghd follevdns dosstiptiom takenen eopjunatian yith thére

| nt ent t&&nlsaﬁyltgodrme{ge lin @hith mfufetén&atdnaaﬁ ideRAH ¢ efatksSand @ Whidh! t er nati ves
falling wthin EI rit and scope of the 1nvention as_ defined by the

appénded cl Eiehe. i agie empydingspirafte Riethed frught hy henasaatripysRiion) | ust rati ve

enbodi ment s Fighire t2hibustraissenimplifiedadiagratbesf @rprddesding) éheofor: petformiingehel mdtiedeatghoby the
clarit thﬁvemol .features of an actual inplenmentation are described in this
speci f t will of course be appreciated that in the 15 devel opnent
" of any suchF%‘teéa‘Fus@FFbéEﬂ“ﬂlﬁ'ﬁ@ diagragh@f R SLpsessipgling fis Atrerming Phe'BERISFaPlY RIEENILS ons

must be made@ighe 4&1&&&&&@11&»#@&9@@&@%& 6F theTRAHOHS thight @O B §r,esesmdantas conpl i ance

syste reI and. busi n [ cons vary. from
onepl npl erremrﬁtgurtel on"‘c’fr ?)tesaﬁ1 #ﬁl Se§%br 218‘3%1?9 s fesen%afl?n (gé’effm %m a%%s of pﬁocf %Ch a
devel opmitendustos wifers anid génpiripemeolvpy dje, %ﬁésctlbemmm ng, but woul d
nevert hel ess be a routine undertaking for those of ordinary skill in the
art having the benefit of this disclos&e. 20 There are nany discrete
processes that are involved in sem conductor manufacturing. Many tines,
sem conduct or devices are stepped through multiple manufacturing process
tools. Wafer-to-wafer variations can result in an output of non-uniform
sem conduct or deV| ces. One process that |s affect ed |s the photollthography

- T

L



25 di nensi ons on sem conductor |ayers during manufacturing processes.
| nprovenents in the critical dinension process could result in substanti al
enhancenmyy gooif terns of quality and efficiency, in serrimmulsmtzmu

manuf act uri n rocesses, The ese nvention .provides nmet_ho

i npl ement i n§ ‘HEPdH‘Ef'@Ef By fugper Bﬁ?lfég{"f"gﬁnf?f“%af‘g'} 99{%9 et Z?r pegrrmg\‘fgl oenfsnal
Sem coaﬂiaalﬁmrensihmmbrmSadjammexplpmsmtdscnlm:dzmI'?mmm acturing environnent using a
number of i [ ARREER of didletbbmdhP¥¥ deoring YorfolinpuPiEamet
enbodi nent ﬁ?ﬁ}% %gﬂgﬁaéeglgr?tg%h%ee%?%on s il Ieust rated. I;BI(FI oge e(r)rbopul msnte er
sem coﬁd@]@%ﬁ?ﬂsﬂ%ducts 105, such as sem conductor wafers, are processed on
prosessi ng Fig@t 8 ilthdthites 4 didckdtiziag) réprepdntatial of & yysief f@oMtulatihg ﬁmmtncasdugmbns aoh a
line 120..]ln one.e nals on the line 120 are
sent t%ssﬁcﬁled errmésdgsagloﬁéémgg}gf‘ bnef% dﬁl%rilé({fﬁl 8}51&2%‘32%0& er system 130 via

machi ne i nt Mfhflate dvantisn is pspeptiple togarous OBt nd tliswative foims, anseific arbgrigents

ﬁtg hi N@heredtti@ve &6@&0%15}' whyl éf @(Enﬁplé Mo @dwnﬁgﬂa‘ﬁﬂ dR Helom dedoisee 5 Heng. tlombad 4.0,
| ter at I ve

i nt erf 5‘298@”‘1‘{; BoweyerA b e dFS&%%EﬂW ?ftﬁf’%'f% ﬁ'@£°h‘%’?)eété éss%*aw%cp e ?’ 9 ,“‘Vﬂtﬁ’.“ “9n
onéo enthe gartiewr forih disded btten teyoitery, 180ntetionl s te ovver @l médifjsations eqpivalenis,and a

line 120 5@l ﬂfﬁng évﬁlﬁﬁth%gltm%gomqmeﬁ%nhﬁeﬁﬁeﬁ@?ﬁlgaﬁb&ed clalnfs. The conputer
system 130 enpl oys a manuf act urin generate the control input

signal's on the Iine 12870R¥S b‘?@‘@g%mﬂﬁaﬂp]‘ NIttt uri ng nodel 140
contains a nmﬁttapﬁe einbadimeh ofl tht ewdntionese dtscpb&dl‘balowt In tipf interest bffclakity) mopalltfeatures of

par amata Ié%u %n%el?ael;lﬁil(ﬁlegg dgégr l'}eE'qn Itl'llsn %&eéllgcgtlcin 3It w1 ff chdrggﬂt?%'p? GIté&JﬁQl&ztﬁé t-1

In one er‘r% ad act urin I nes a ocess SscCri t and
i npiit deyplermesnt phay ﬁ"ﬂ‘p?%ﬁt‘“ﬂlﬂ}ﬁ%& @qn&muammfma%tsmﬂﬁgiew%é 89y beppade "o

cont r obchiePmt d&/leEﬁb?J Speeiﬂc goalsl §€h 4Z0mplkade vithesyitdni-RRke dnd Kikindsdiela@d et g

t ool cei ved Ces s ed the.first nac r 5.
The coﬂ%‘%‘br’qﬁ vr?B' °H’s?"§na? lgm%“ﬁlp%{’ P ﬁz‘ggrf hat lt<'§Vrﬂ!ie§| rem%éd(r}g ¥ (‘%‘Ir&l grd %vgfe% s?]n%g

t ool BefforPmighteber compley @uid amdcqyswss h'édvon;yl neprstheless cbmd rpppiiat ppgertaking dorf these of

117. Eg@{mg,ggnthhetangamgqgeq,s@ﬁpgﬂ{,sqggcﬁsu;elo 112 used in sem conduct or
rranuf acturi gﬁm{orocesses are netal osi t dtoo steppers, scan

B ands o el bR SRos PRy Jebes e R eonp SRR o Many times,
sem C O sttt hductondel iggssarel BppedHilarbugh meltiple m@wmnbym@ebﬁeoqjsr O¥degdo-wefert varrtignslciD),

112 ar ¢..G68Reh Shh oFﬁ&tunkﬂmaserﬂﬁ&{dﬁﬂt&QywéeQObnel;ﬁ&erQﬂat RGHsed '1§ﬁ1é315hof3flthgg?§pfx§)| ogy
data. In one enbodi nent, the metrolo tool 150 is.a net ition

pr oc es Stitigaldimension pracessi Griticplshimensipnformanon s pn IRYEH SIFR iy Semie “%P’EIB‘? Syyne ol
150 i s patichfir, phtixhialirhdnkiogfoapdiyh jpvobeensswtiag destaiquiticl dimemiotsaomparddrio yeeial citicd her
t Oogd' @msmp; BE s Jﬁﬁéon&ucfamsly&soaumgﬁgnd{a%mm &L&errmﬁ?&smqétuam@@memsauun%n

romthe nmetro processed and_organi ze
met r ol 8YEsUaUd Bt d% SRt FPha‘_‘L%Be“‘SI’ " JFT@s HbhBAet efﬁ"ﬁé”-‘/né't F‘?S‘r‘ﬁ’ﬁémﬁét a
pr oCes Siaf@actifihg prdcédsesC Thd fedséit @iSentiéiEprovizies Ohaigyl oﬂmamérmn@aupmalfedl @tot @krection for
manuf aCtafJel[’tl N9sek iaifys Processed sem conductor wafers. In one enbodi ment, the
met r ol 0og dat a processing unit 145 is integrated into the conputer system
130. in one Serpiprydyctns devices fre Propssied inpdy ey REW NG HRERH I, §sinemp RyFber of ipput;cgntrel
COMPUt Shrarfddd. WalfnfhgREW & Iag&delrrb&ctdmhuhdnt oF thielpeeshOlicaris ;ays&mamni&@ embdaBiiest, N

th t t t t hi PC fr
€ Cogl)” ﬁéﬁp% Proguctség{) » §ucp 28 Io%mt? e uctgr wal 1rs arle r;‘) Gp:?sse olr} roc IS V\go]s 110 ﬂ? ngn% a

proces netro cessli unit
sent t olglityiof enntrqlrmptut dignhls dn ariinesliZf nlncpommwﬁmramg@? Fommhnu’hti Segnaml tagnling 12Q #e

155. | RenPREmE P’J&&dﬁdﬁ%&m 1iohe1df kih csrﬁlsutek Gyatemdi 30BMShQRInE FRkmRE 18] 9OT | hivae uni t

160 utiljzes the_netrol a critica
OO o ket RE AP Bt e PR 9ot bR kg TR 5F
adj3ast aestemetive amgpdinentqthe firstapd teband fuiachirle indarfates ¢ 11diarvdovaiedowithingietpragbssing igols i t hm

unit 14 i11§ sent to the conputer system 130 via a line 170. The fi nal
critical "di'mension control adjustnents fromthe final critical djnension

control al g8t PResAPRAipent, 1‘6(?%?‘%“6@@6‘ 189 sqpdrontt! doppicigapn ke Hnsd 29 e 8 d

" adj ust @&&{d Iﬂlaamﬁe ﬁniaﬁstcesarle HNOTH: doyipiitdn eBRmSIRO bhglays iamatilfetuing modEhE0 cogeperiter

system,/ 13 contro #dt gl?lﬁls (I?he 115 g%? 3rﬁllk0|;]19 Qr%ogﬁ‘?ﬂ't&g&éﬁ@t gtwﬁ'gjrr%ﬁél TR Vol ot eéqﬂ ke

nDdlflcatlons causes appropriate
cha«ﬁgesietmmh@hzﬂl%‘afmm@l mmuhmwne}ﬁaﬂam septon g link20) i ne 120. In one

enbodi ment, the final critical dinmension control algorithmunit 160 is
integrated into the conputer system 130. In one enbodinent, the final
critical dinmension control algorithmumsit 160 is a conputer software
program enbedded into the conputer system 130. Cenerally, the feedback
nodi fication of the control input signals on the line 120 are perforned on
photol i thography processes, such as line-w dth adjustnents using photo
exposure dosages and I|ne proflle 30 adjustnents US|ng exposure focus

p— o, Y M T



10 can be utilized to inprove the performance of the process steps enpl oyed
in the exposure tool. In one enbodi nent, the nodifications to the control
i nput si gRRdFopfd the line 120 are based on the effects ofp(ﬂxﬂsmnadu

vari abl es on the sem conduct or. devi ce i rocessed. . Tur

Figure 2, aMpf5ciebaimgy: 'ﬂ‘? PP tERg %ﬁedﬁ%ggfﬁp B PECER S41PF @'bdn ?"r?ert\ p of
t he apjpaleatus plaﬁl&darmmlfamirleg‘rpmdzesﬂ; Hiéhe erohinpy sigralston @ lips EX)ahnt are mt@mm forthé s
i1l ust gg}.g td%‘l )Q’Gt e @&ﬁ'ed élli' Pljace@s%d &rtﬁ@ﬁpst%%bqﬂtmacé’\ﬁg Ethe cgrﬁtoi 1§pu§ ﬁé'htals B@a

nmet al ic;{e eOSI tion Pr 0Ccess he nmetal deposition process .toaol

deposi fng 1&? thateagas intepyisd fqrasPé‘iss%fm‘ﬁ B e are r“§‘d%“r?“9§r°&qsiﬁﬁt’3hﬁﬁfecﬁﬂt“t?dtutfé"tgrfﬁct ace
of §hel M@-Eﬁd’mp?e@& théVirBdsfsiug tddks i1 1) 1 thals@l, in eenidordutol megyfachaing protds@t are mstildemsif r om
t he e} os|t|o ro the netrol ogy tool 150. The
nmet al efjdtg p[%rs Scamerdétg% g%g, tooF aﬂ&aﬁ’efﬁ&g“%tshen sent to the final critical
di mensi on com ¢ranorep@b«r tetnwmduﬁ?rtwaieccl()mfé angprasgssed (g the procereips ©RlRt 1% 412 3

phot ol jhbiagrseRitya iﬂélfbﬁ@§ foof B0 kor 8&;@|sﬁ1&f of&ﬁ&&l@éy‘ daﬁom’ GhB ByibdAmRGEHS | hllaﬁ)log$ toh 20

as pat n nes 0 ata t hat l.ts

From ¢ B G Poemt iy Ao Ui, ot o el shB ik, BB R bile) ohYILE

Théo mephowlitggraptippmcac dar scquisitivp tedhe It lamtf@ggmltocbmentme)mats@mﬂ@t éip ipian pick he

phot ol br%%&%ﬁlg isRbPHHS Dath B6th th%%@tr tG(ﬁ’ TR it Srecesiad ﬁad%ﬁéﬁrhzeaﬁy t@pm@tfdi(%? datd he
i

phot ol ogra process mnetrol og S en sent to fin (frlthaJ
di rrensPra‘f‘FSS&‘éHt"F ﬁ‘tS 1n oy ppttordimentribg m%’b*gy %ﬁ?@é@asa%tqlv t°rf&‘a‘t§etteé?e“2§5¥ 3 Qunt

t 0 t hepsticolr pantRating (0 lof 2R0ested rseicalduqioroedss i g ond Pmtodimen|rihe dhawelogy, dithe
etch process I C t hat
Fesul { BB R LR R AERE bl Sl B eI BbolinBH e Moo PR
med¥ ol wity148| it coppeferi SP@!P’W"&T%WPP@N@@JFW t%t‘terls%ﬂe"as@o\‘flieﬁ’é‘etdﬂ FmPReT et ch
pr ocessgotlmdegr;’taﬂmmalyand@mama@ﬂdat a such as the f | naI crit | caI d| nensi ons of

the line-w ?%ﬁh%é{]?ss% {r‘%? ?o&y data E’omn}% mftrollotg?jl%st? Procelssm(’grunﬁ 1% llS s ‘to a 1hal cnﬁcal

process net fen°Sen I mension control
al gor i dimensieniconttbb @gdriim finit tAen adimall§si b onRembedimany th‘td'walt qitiga] dinepsiog cogjrol

si npli tlgtﬁdmdm%amlgts tﬁ’ﬂnéuloiog!ﬁdafa%& y&foﬂﬁschcfﬁ:&lsdnﬂﬁl tdna@mta&dutlcajumsnt ﬁl’b&hsng 30

phot ol | atter ning.Ls icte es es a
et or s 08 b GPesish iy cisees Gt g PV 3 Bl ipa i hion st pso B wHEES
t hr ee @04 sedidwmthesbraguten systed 129 vid 8 Gne UBZThﬂafmdleomewbﬁmpnstBB@ontralwdlummfrm thyy
tool, ghely 13 d&eﬁgﬁtcwom&h% it 960 ald \BeddD Binefal He@aciRPREA-folvaRl &nhrtne,ﬁ 4
recei ves t , deposits a redetermneddge %i g
phot or Bt &t k‘t?ﬁ’t‘é’?’ |“<‘;ﬂse E]"rb‘tﬁﬁ i ﬁ% a’su fl%te‘énpag T PYRiEm Y atilizes ack\paf Leed-Bagward o
t hen S adjistnieft dafa@o mul@rncdifitatibgrin thh eamEcupnOeebi4gwhiBuhsequ@oirate changrs inhé er

I Sco%gatmdagppag%teg%ﬁ theqﬂmos th@Ldecéglbgd"lJ‘gent He fﬁ&lQ:hh&lgduﬁé:st? Eo%ﬁ a@@htﬂ:g uﬁ@nt of

The®Ste hen receives the wafer
sem coMﬂ’d%‘t‘@Sfa%P@r"%")cmaWr é‘%'ﬁ’dse‘s lﬂﬁ’éﬁ eRpdipens @is fing) C%t'cf"l dd?ﬂ"s‘%"o‘i?l‘ ala‘g ﬂﬁ‘g a
reticl enif1@0 Rakbputer dft@arapdogrim ediedded lirso maéoeiputaaﬁstmsmr ansferred to the oven
320, where 8.ROn| 6 RORHICAHSioh br GRBHEA G St QWb Mo PASerrHOLTH! ©

bake, the wa ranstferred to t own station
to t hephdtolitipespby PRESEssesf push a3 fige- Wé\he?dJ“Z‘U‘Smhétﬁ}ﬂ% aliotq expesyEe @S%%P@dlmem%ﬁle

deye! ORflsnhe udi EpBSe HYRAREIHCANAT BietitiSihodifthtihiothe tomemﬁpﬁte;gmt»eme 2&520 The

wafer 205 .is then sent to the 4 f or. oce55|

wat or ot Be b F ot et PR AR 15 ons Rl TBne AREES A0 T

PCT/ USedl @@gpint 4djTmesnisa FerlbaplOsd ifesd foneand pdiistrashis arearade i otdato s@atett@reememethe 340
for mﬁwa&ﬁa%&mﬁ JoksQRdenhitbn@icRAh s det ai | bel ow, the scatteroneter
340 neasures the wafer 20S to determne the acceptability and/or uniformty
of the previously performed photolithography processes and conveys wafer
nmeasur enent & thaxohtve of 4 malifaguring pesss, slick®nsiepper wanatsr tid coatfojppitt duthelding 120160,

The Co%l&e@ o SepdSH frolbssinghdof M1g ﬁclbcﬂtaﬁ gﬁp%glﬁgdd% nghat B Qoo erst s%ﬂﬁvpﬁdﬁ]enaﬁsed

on the 5 wafer neasurenents, ad usts _the recipe the stepper 31
needed2peR¥e figta), apartilselhsenve sigee! tﬁ’;‘d b HBEGstEs ot szerrltvr erofs S t'lﬂt the

" light efpodub dsiignall M8 tHefocut JSl&etmignaieslse Begonk iptréicubid @xpoduye préveds il ehechngeee ef e Or
|ntegrat r INg 400l S psLf Qfr r.i bed
her ei n % %ﬂbe‘ﬁl 9(5:%33%1 i the eépcbure?ole §lgea(?tﬂge‘::_ %%new t@&fotgl.%ﬁtsﬂggge d&%s%@%m@ﬁ grléma? ng
f edBibaokthedd “P"é@t&cﬁmldﬂm’d pif the liej 1his rquonﬁeﬁeamﬁws(svfe&temgmanghlegna| s on the
| ine 120, which control the processing tools 110, 112. The final critical
di mrension control algorithmunit 160 acquires netrol ogy data from 10 the
phot ol i t hography process described in _Jghgure 3, and generates control

adj ustnents that affect subsequent photolithography processing of

sem conductor wafers. Turning now to Figure 4, a flowhart representation
of one enbodi nent of the nethods taught by the present invention is
|IIustrat ed A manuf acturi ng run of sem conduct or waf ers |s processed as

A A N Y N N . r




WO 02/ 0917U PCT/ USO1/ 22544 particul ar manufacturing |ots of sem conductor
wafers, and are then sent to the final critical dinension control algorithm
unit 160W(,9®,d;pﬁ,cri bed in block 620 of Figure 6. The photrd/tsvegzaphy
process rret | o at a may co Ll t.a s EPds! i 1sGhme Ui t
critical ‘?%'ﬁcesssseBﬁ‘e ® RRT> %GII(FE) cogéig%g?%shﬂﬁondbcﬁb‘?g@ eartltcasar %hoto
dosag eprOSssbrs mgheeprodessing tdok 1 létntwalpm@fbwggew stapipts ognespghaeviesy %%S‘P‘F iBladt dareyny

or gani g&fd,| Bnd & éﬁda@ Rerdved BaH the Gptration of tﬂaﬂww%ﬁbﬁ hmqubma‘ﬁv@ﬂ.emmtumenamw or
waf ers, and are

nsi o n ithm
unit 1#mensiea eﬂ‘é‘é@? F‘B‘EBE?W ab‘fabségg%%ﬁp%‘f’mﬁe °Su 3 %ocesf‘h 2% nbﬁ%oﬁtetges L’%&EI og
datf nap eeonphics ® thkav\ar-sqoshre s utderexpesui| in Ithe rPEOCQSh ﬂlekwels'fgd as %Gplmnblﬂyﬁmof h a
parti C%m%ono%{:tgpwggd Bﬁ&ﬂgtemgddﬁfent, e %mtnln'ﬂ@i{ CIS Erbok thtaJccﬂ'eJT&H $b Qt'fhbﬁt@cmortﬂsl control

al gorithmunit en calculates the fi naleﬁé %rl msnstlogns of the

pr oces HBYs PchPEiHauBPerecEs-s Thh 8°“ﬁf§'e’§p“fsh@“ Y@ F°6339 ALY Ping BPFRST PR
modi fi @éﬂfoﬁﬁbﬂw ok e)tpﬂmbttodnsadnm&ﬁécﬁductbr {B¥ero Mledonttad inpe digicats aéfeat the medsured duigical | nal
critical dinensions.and appr.o i

descri g'%]ansi‘on a%(f ;f(oSIg%bq' 1co§c?uctogw£t$r gﬂ?lts bI.lJng:F&cengd dg\'ioglﬁlz 19:5er|?12§ {:Jog{e;lol n@its he
fim@l emilei wikipeddionimpmie shea@ﬁqrmmce i gesr Progesn TR temalwd tfhecBRpPiesecldadf L uch

as t heeﬁﬂmdﬁ{éﬁ'teﬁg nﬂﬁlﬁ&a‘ﬁ&lsd@ Eh@$bﬂu€ﬂmﬁﬂts@1als dohiee 5iea e are ®sskd b the effecBfof BXi@nal
deposi t ed nmet of the deposited netal, the

lLectivit
m sr egl&Epleson Se"i“f°ﬁ@“°f°ﬁ?ed‘12?fé’§‘§g prg‘f'?&s\é‘% he like, associated with a particul ar
phot 0 dosag&umagdowt edigwet2ad blpdk disgtah rmmémowgwrealefe@d\ﬁinbwﬂambéme|am§'{aalﬁ
etch e EQQ o lﬂﬂlel}xénme teyﬂfﬁg bt tﬁ@ﬂres&ﬁ lntrén‘ﬁ@rl is HBsteieATENAEH205; Qlth b seﬁiﬂcﬁﬁﬁdt&r vagetNi t

160 nakes a termnation ge cont rol g ¢

subs eq issent toggr&&aégeg%sglog Pl@ffgs tocg a]é)h Taémg dﬁfg)flfl%d)ro[c?‘fétogl# Q ep&sbgg%gst xber\ayer ofa

phot ol iefan gich ph3luniifiG SAS ER sarfuck éfie eafet205. NWartufapraringfdate, ce etiolpey dlate S ssulpas ed
upon t ?re € me';]aﬁ ?%Bsnﬁﬁ ﬁ&es g!&cﬁl%eﬁg thie gﬁpﬁ%gy é&ﬂsoc rhd h&f heﬂél%'}x?dcgglmetl;dl(ﬁ&” e 7

i|lustrates orit eternm ne whether an error in the
final deathisthemsentdp the fnal eriicaldimension songrolaigeritmaait 199n t o the control i nput

paraneters afe ﬁMBS@ﬂid i sef t@tﬁéﬁﬁ)&sﬁthoﬂﬂ)hﬂ'prb&kﬂgﬂ mm:tphotﬂitlgigraphybmcéslsm kuch
critical i ranS| .data i

t he
1 by 8 peeaRg gRhuE o de SR AN, { PRl e SELAE 08 1 ASRARbARAL ke
exenpl asayiredety Hsdneyblogsaioel bt Th gretroleeyt dafg gpavised *tylﬂledPe“GﬁOﬁbtﬁ%ll 16?1 &sogigfgd il the

associ ?ﬁ&&tﬂ%g&ﬂ{yiardc&s QSISZQG tnb;ed»mlaﬂdemata suth &s @D érfok. ThtpAotdlBhog@phyipiceeks fktailppne

of a plurality nown e a

error. dagtX thea S'?i‘&ad]ilerfg‘gl cngcag‘g?‘%nrsﬁ? ﬁon%(rloloa rFo’fltEm nuwril%j le"’lov\/ﬁulfs?q]eg ! ﬁ%’ &erferr (%’5(; gfa%'ng
i nsi de tie atbbpriisessdhol 239 fdeedr privesingn H!)Iovc‘knbw@ﬂtﬁfthﬁt@wr@esﬁ comiprisessy Eepytive ion
de%?r ! Qﬁﬁn% Qaéal %Jﬁolzgygddtasth%5e591%rfi&{ 8 dich Bro6lad ﬁraEﬂuﬁ‘&i whed ﬁl@ﬂfolc%ﬁ &I 150 The

sufriciently sig cant to e e contr uts .o the

| i ne 12trolqgy dd@F‘F‘HEedt‘?’(éhedﬁ‘gﬂlﬁ%yntag]%ﬂéss‘écl’afg%éth ﬁfﬁp P& ??)](r%lao SatC nsaer?gflym s
st at i orch(an ok fablayitice] digercionsad tee lInewidiwthickeess afthe eatab liney r@pdreeﬂafer @05 The etch

pr edet Fo@lsPﬁQm%g& d#’J is B s@ﬁﬂghgﬁlﬁ%ﬁ@&ﬁl&ﬁton l:dﬁtr&@ﬁgoﬁ@ggi 188 for ﬁlrtt\é?ﬁna%ad band

cont ai s a ran error val ues associ at? th. contral hrppSLad{) %‘
centered pr d’)‘?feﬁ’% &ov ¢ Blewep, Himpified dizgran ¢ be\l\fbﬁt'étﬂ’étpé‘}c?ﬁ% 6cgtp ArtEs,

f OI‘30V\hIpE<hol@ﬁQﬁﬁlﬁ(| dayeriapnis idefidiedr The prooessingslirie| 30€ knelddes lafphetorysiso depositiontunié 38k por s
acqui red I 9@1 $i2€oveth Y %%1331 gpegsﬁaldmmus% b§<> §458) hefdioel550, anagmeuology

correspo?f’(ﬁ rede ermné | d val ue particul ar_error

deened teod Swé gs rff seqiferometercfytin dhe ehqtoresist deppsitipn P'H‘a} 9 r??:l‘?"ﬁd‘é"e‘ga B 209-d aeé’asdfbénd
isto E;Fe@&ﬁﬂine&ﬁx&ﬂ&ﬁsl of thft‘dié’éfsﬂ’ xﬁﬂteriampoﬂfhs surfa@Sofl ke iwafgr 2050 Mhechaer@eSis tien exatxbr ol
i nput %{P??n??td? gg%ipr?cessgxé Su%s?e en li' %@w%ﬁpﬁs{;%erﬂ tostﬁemoglq{agh' gtgtﬁ))ﬂ 312 for coolmée

rranufa over determnation Is ma
as 3§howmfoierbeibg woldo the Geppert3as. Ta stmppr&ds thert qe@ysﬁhwqﬁg 293 oplotaf rmicopduptaYAfers 5.

signal g} fexdpsed tﬁ@wéfé?go% aghRilsce biiita ritRfeld &Hér@-&e REErQ05.1 The WIROI08 & traferred to
descri bed in_bl o%k 730 of Fi n _the val ue of, an.er

ot CotY eh 3RS iTD s FoT BRI Ik 5 Fordbgh ot B rip Prpd s e e Wb 260K
" pr edet amansfaveditodieaod doveh staribm3307ad thew toltirdestoper35Q aftertbe waig Q5 leae suffisipathecopled;
corr espgp qfévglgpeg 9% lrexm)ve& Q(B&Ed ﬁiog’&@ikt madialGe BORAEH 28 NThe wiRB 04 D thePlehiQb tidat a

is determn I nsid ?ea band, . no ch?g&,s to %ge contro
par@mt%?@Séf%thﬁ*ﬂB@r%@é&la‘ﬂﬂﬁﬁa hap ““p‘ﬁ?lf‘?’ﬂmeéW mSEI¥AP%, as described in
bl ock 730 of Figure 7. New error data is then obtained and anal yzed, as 40
described in block 740 of Figure 7. In one enbodi nent, the steps described
above are repeated for the new error data that is obtalned 7 WO

021 09170 PCT/ US01/ 22544 \When a determination is made, as shown in bl ock
720, that an error corresponding to a control input signal is not inside
the deadband, further processing, such as nodifying the control input
paraneters to conpensate for the error, |s perforned as descrlbed |n block

— — Y S Y b1 o o v o




WO 02/ 09170 PCT/ USOL/ 225-1-1 FICD target = co- a * toz - b * to Equation 2
The initialization condition is terned a "Reset,"” a condition that may be
i nvoked Qo @api@t or entry or by automatic action. A ResetpeoushiiRm

requires a nd- a f e ru

A Al m B BT s S Piop BB e e A Prtbe B
measur delaiftpiowt thescatisiomert 340 richsrep tbt: wafly 20hte detei@inedi@cetptatility snd@omﬂﬁomw Néﬂie to
produc grefihish pb.%maﬁph%ﬁ'ﬁagm rb&ssﬁshﬁd gﬁ’ﬁ%ﬁ%sumhtmﬁ&ﬂmﬂlg&f duhmabn

the :ogp%{‘%é‘taé%f’“%gchg‘\éVEOEEYB"a‘E°P’Bﬂe’3‘¥StC“b”%ﬂ ety e b osher "0
pr esli ctwefdr héasmpentents,fadipsts therepipe eitite stepyter 318, ifladeded i Asandll beyreqpgmizediby thosg ofigrdieary or
functi N %ltﬂéeaﬂ upl}'gﬁtl%q gﬁstdlsgﬂsuée th;l;'?ro@egsru'%rlmﬁ& ﬁa@clﬁ&rdgs@lrete or lﬁem&@snﬁé t%SQ Z

Equatl on over | SCcrete se easi bl e resist etch tines
det er N PEIBYHIDRMS FRsPsHBRE sters deserippd Apiging % dqt aaguired L?attlreoﬁﬁa%5°meter 0 ¢ (% vepd for
trai n performihdfeédBack antl feed-fox‘ﬁ;vard‘nﬁmﬂicatloﬁq;ﬂﬁé toaiiol Siphtlsighkty @dthecline @20, shichecbitroetie by

E Ece]ug?l(gl%lces%x}%l{aoi%ﬂﬁ,l % Cl'l Eal glfrqeltnsllo%a;(trol alé’!)ﬂhﬁm% qg(izé{ﬁd'%g %&o@%ﬁ_ﬁﬂf&(ﬁl& eﬁ t
| otl0| s thetnbptelithagiaply meossssctesceb@hm tFigyee %, |and gweratpewmlmdgsqnprwhaiaaffeqr avhaelsenar e

measureﬁl,mhm;;graﬂg?@g@gu%rofgeni,&ndﬁplqmaegs and a new etch tinme |s produced for
t he next 1ot

tlnkl on of this .ite atlvle tg lt'a %}n one
etbodi ment - TEPEBEH Gt g AP eRetueg P (e sbog g by il ity BBl
known assea)as}epnoahs ithstrgteds | A manufactudgsut df@enyicdndyctor Wafers & prpiceseqd, ssdestribed indlock

produc Ud M@?gureelt %ﬁﬁl@%&rmm ?e@lgts %ﬁ rtﬂ%dc&?iné &gamcc;nw V\E#elg% a%@x at least
measurenents are conditioned to inprove the eit Eﬁtlon of true F 805

vallaes onq petrglogy taphAs deshee in blogk Hz%‘gt"'g&ﬂe nifrigor WHREAR of the dops A mEEssing

“outli eafnﬁconhytodﬁifaﬁ midnkduiring theasyltanf mdirologyi dad desaiitia in bibeks 4 [ Geawd A200f Figere @it Si de
nor f variation. This nornal range can be determ ned by

severalniﬁ]dtrlteld rﬁ%%net hods, with slightly varying results. In one

enmbodi nent , Temmiag n@oHR Fpﬂ“tS’tS a metelideresition nesesy is PRiPrBRicinet least qng seitopduetprowates@f o

val ues daE@ellinpoat siedin o]ihanuau.mb@rthaﬁem QépBditivn a@cm&pﬁsemmummsiepomngfa@at er

f 2‘\%9 kzng\ﬁ %tg(ge El\.lﬂ%d in th afig RavaS e%ene{'lt o? {he Breselﬁ_l iSC ost n ertTrI(?las uJaEa rrTeI?In ttusx%lﬁe €

'on con ran an
d evi at |acs>nrawanflﬁesnelai dappsitivd ipyacese) il acq»mdehv W&'O@f 'GOId@tde‘%cﬂl?eﬁ dgblock ﬁ@s@ Rearelfes

?r e Cgr’fﬁaﬁcq@l:ea %ebaég@dﬁtafﬁ@m thdﬂﬁetmoanonvlﬂwﬁsna@laan@mm SR Asahel t{ijl\ﬂ?@iss \saihlae

or the standard | at.l on. n exce n Oor val ues
out si dgepé’f‘te‘il Red ‘T«’%ﬁt ey pid ?Abe @%oflﬁggleta@f“%%l g‘?p ?fg{’}ﬁ' e8?<°5‘51§"1"‘§‘ per f or ned
for the averAfigeheamethl depasjinfoctshe pmnMaaﬁwm@Spw@hmﬁé@nﬂmml@atxbtorvmfeesr of

thegss aqp&eg‘mﬁetm bl§cQ s&h@f ERRY Thd\GonlilBhVRbces conprifds gmeamggm&ame?&emg &n Of
waf er medi an r%cathre ‘)ﬁg]t s that characteri ée this Jot, o

FI cD al SF'§‘°?F8W°E>¥‘B Ffen RPRTRY AASST HyPeEPRIPA §B Mee IR Iroi 8 "e?dthe
agai ns tassbdﬂ@edmumsl@ytdatEMuawasalgwlbasﬂ:dbcbﬁﬂﬂpaFlem 5.0k ama@me&otmytdsta {nElgdeat i on
7): F q‘ﬂ?e gt{le cxrclmt cr ticémmn ﬁépg:gmﬂﬁg llk'é i(ssollate(i@ﬂppﬁ icular ;E&t%s&@rSubseﬁue{lthy,

Eqr~ati on IS a speci f val ue. This val ue

cont extan gfh ESP%%E!& fteit ?B@'fmé‘id(f’“ thel s§‘“‘§‘é‘ﬁ‘f°t°f H afﬁrs 0 Btseridbed mdblock 30 F!g%‘F 3( Rppe
sha@on) etnBodigent) aachclive icke bteli Piotess phﬂé&)b&s:h&lunﬁﬁumhnitd:rma frbiarthet femicbmatictor Ugafeary t he
et N0 A9 8B/ daR T BRONS: nt @@h rhlll i€ Rl TF B3k HRARK ,g@mmﬁegﬁrﬁgf Th GfRged

seni conduct evi ces are o e ur’ni ng once

final ateirelpgyslpta giay§OmBY liﬁrﬁ‘“ﬁﬁ’&% trikernetal ne gidnesy pspeiatedvidha @NCB‘P@‘%?@P% Hpf-et ed,
modi fi cati omuglg adkSto FadueUd, &ﬁ:&ﬂa muﬁifdagmigebhads‘amiéaﬂwortwhfetrm’s @roSéédeh lafthé N
the art an he bene esent dj sc 49 0 es
the st &B°¢ dgedpre%f’g%nh%a is an%mrf | na ma%: I(’:rllﬂ d;”['ens °nrr%°r11‘{s"§oa U?S:hc?ﬁl%% 5 rﬂces 5‘ betf n%‘%ﬁtag 40
pr 36es slesdeiwd rin bleck 43A df [Fignie 439, mOThéembdj prhpodianentond tepaster ¢fperforming @sfevdl ¢rigical

" nodi f Y sGaRlisQbntolRtmPRHARES & fifstaRd ltguligne 120 and perform f eedback and

feed-forward for subseq]ueéﬁt t|o{oce55|n of semnm conduct or wafers, g
described i rfrumgxg now to Figure 6, metal deposition process metrology data is correlated and organized n relation

to particular manufacturing lots of semiconductor wafers, and are then sent to the final critical control dimension

algorithm unit 160, as described in block 610. The metal deposition process metrology data may comprise data
40  such as the thickness of the deposited metal, the sheet resistivity of the deposited metal, and the top reflectivity of

the deposited metal. The photolithography process metrology data is correlated and organized in relation to

-6-



WO 02/ 09170 PCT/ USOL/ 2254-4 bl ock 440 of Figure 4. In one enbodi nent,

nodi fying a control input parameter conprises nodifying a deposition time
period tw@ehogsto a spacer WI dth during a spacer depositi gUpusaasss | n
Aot Bt e hAREERR b0%e LRoRRROLRE Snd BHHI B 1o BT aﬁeﬁtdgtensvoﬁ%tm for

manuf a8t UF1°hg" 0 ond "tor e princliples tau % e present
i nvent plgerithon pnibhk60, asideseribad in hloght ﬁ?@rOf Hiewa§. Jhe ﬁ‘ﬁ’t‘ﬂh‘f"ﬁé‘?ﬂ'&’lpﬁtﬁe“ metfqipgy data may

enmbodi @@ﬂﬁ'nse cﬁﬁ@ﬁdh@ls tﬂe hih@ Eﬁﬁlead’ueuwﬁnhial difehsto), slb@é] tafi@the (RS kbR atetd leltlill particular
processes.

t he cO I’l D
li ne 1@)@9 q @ngﬁpﬁf‘fzﬂ?ﬁ@a ﬂﬁfﬁ% Sﬁ)f?ﬁﬁwe#ﬁ’%é%s's ccﬁg er 8?({ 9 117ed§_n %Pa?on tB gaﬂlcugr
i Np§ e menatuggituling letm ofzereicoraycter ovatersodnt are thamsgntamthe firahéritigal pmmsorﬁretﬂ@on@mmt ol

thr ead%@tsedeen&hmﬂmmf g . Otfhe tthtepr&es@tnaqhogzqhemﬁy Ase ARF LSRR
manufacturln t ool such as ach of t e di fferent control

sure tool
t hr eads‘“%tt&'flgle*‘ls f*wmatd&éba?at‘%‘%ﬁt F‘)‘g’f”f“élme and is differentiated by various
process con@hd ﬁmmntncaFMemrcbrmyol dgritimahit 160HEen télcudabesithredinaltclitieladilgensions of the
separ ak,g) esst séhicoR 1,10;.I Lilerg anptgsesdt:h; t%t&troﬁﬂ} dﬁ@&%ﬁﬂu&@%odtﬂa&: L(me'blr]ﬂ)ut Q?ameters in

sem co or nmanu url n ., g current rocessi ng the
vafl@r |orster to feduse STEQR letm“taeltcatwabtwaerts anttaﬁeos ﬁfatgshfatatepetal t’iﬂ?ﬂﬁ‘f"aét qeporipgy in

oper at |b135k 648 rddFlgthes S’ﬁm mamgpaa&rthm kel B¢ the fihd) gnttcﬂlcﬂunénfi&t cofte ) GleG RS udith60
senm conduct or, VI ous a I trtons to
cont r of™® Yh‘t"}é’gﬁ\sga%?"éh B tb? lrclﬁgcf ot e deé’ostlthJ éfa?l }hecsnee} res’Stft{@y &h}te dﬁmg %tmgt%ttgestjé

i nvent ireflactivithef the denmtqzs! mefalt the grmegbtyatmm émq)ﬂl@bem andrfbfthen @swc@aqh witea partwular

| mpl emgpd & foshgd, A8 ﬂédaxahqad tﬂmsessgocmmwm pe.ﬁﬁm eleB et.apamemg kTheTtJﬁﬁl Akl

f K tf f

cr 161 o dimepapemuioLecei 1 68 BpGR  ponspo tesaid e Feg L e ey v

pr esentprocdasee siéps,anch ab adjsstmgethe ploediosrpnibsphotplithogHPlly Hro@sresmod the emipoily dimg for etch
factor §m\éés§t§ bd %Wth% am¥ith gmmt &F&&ma@ findl hﬂwmﬁtet,atn %t%u@tﬁms@asesfmwhtn by

t he present i nvention can to virtually any t he sem conduct or
manuf a@leerithm geed i9gieermyips Whether aaetf?frw fipgbgriticat imenstsn Vtarfqukﬁcat% 8 A PR f or
r enot e ipopaasncane silejuemd piotgsenf t he process performance. Furthernore, by

g} EQ: EI 29 t brgmrtg%v?% B M%%Htwq?t,@ggtrpt A9 gfm?hsﬁd ggtéﬁ,r TS sa@taettfqm fere

exp nsi’ve t r|ve orma
more s éndl fexiticplcdimengions leulaied, e frseribed ipblegde Ppe Wlet)?ruésthep %fucglfnhﬂpg:f&ﬁfmal
amount cfficall diffokbibts ld thle dssocialell tridigis de8RibeIVBION S WickerrBOdataidcquire® Hém ododph plyramapt Of
the Cong Shoa ko, B0l FAIN i Bl D L8 el MG %@am@tmau&nhfmﬁps&htmﬁmew k

could er-o wdre conmponent’s Ion to conponen
Wi t hin etrtsredatam:mfslrlemmband @ dysm’pqsltleblodc?mmf anrezs Whe stepedescribgd @awﬁc &30 i he

S ek COncherh Qifto HAHh Fhddlel RerloP klﬁ’ﬁdleﬂﬁﬂlgﬁﬂﬂaﬂ B “tahau GQﬁbhéth thS y&.tra RpuiBeihe a

sem condug oi %&Rut;a‘it%ri t 00 ge ttr ol " E sh rst %d i n .g he
Sem co lail 0 [s) % %efl fa ]ma(gsacw{tre% (Hl‘le I‘O ulc anagrssalon g Sa Y ?CptaS%IngW

i ni ti atsetidnjree @opirgtion hratletqnsmpcbequ rheedwbl;pmtameerprlocees@lbemw,éheld@dbmé crokings t he
over | aXangé)&{eFerJ JaﬁEs ass-gtlgted:gﬁﬁ Ecrol e QTS &ﬁt@'e(ﬂﬁ‘rﬂﬁﬁﬁ’d& boYa 6t 'c%ﬁboﬁcﬂ@ fh&kdor med

in these scri vel opment of thes ipts can ri se

si gni f |"E%?Htta’%98}‘at‘te§) h°r8‘1hmg (fﬁYl £goliastionds glgﬁ‘&‘{)nl? P51 on§ 9&‘5%}5«? "ﬁaﬁ%'"fﬂ fompl es
t asght pdud hmlypxs atstivn tis snmlm:mots corgespobding3fjedeter i ehreshold ivaitep thatt faiculdryeprersis of
manuf aCdEelHeh rt'tgbe ‘%YEE(WQJb f%r&hgﬂﬁl%oﬁm& ?ﬁ@ﬁaﬁd fit§ S}e%@&cémvc%nt?&i €

|IIustrat|veo elnventlonna be nodi practiced

di f f er @ptions msule@fr%wwsewa FRRTOS ma‘ﬁpataeﬁtrs B ‘}Een]&?elzg’kfr?nl‘ éﬂ‘s% atSﬁ%“"&‘F‘tcmr

havi ng nﬁahﬂaohﬁﬂ@rbdess@cfbetdwlytjma@hl ngs herein. Furthernore, no linmtations are

i ntended to he of n n i ] han
t Et §on 18 Cége[ % ghg‘?r& Inotpocf? lF72dj ?%{ Ql ernt‘r:' Ltg'lleeﬂ){)ﬁc{&%\g? atcﬁ'létjafaﬂtputt

as descri be TR is thefefore evi i )
par¥i culeeal nsewea:p ﬁeﬁtasd dhas m@wﬂamweorww dewrityg ipbleck 73Giof FiguisddiThat Bdvhemd

all sughy wré bth |e@6}3haa5&reﬁjéﬁt§ it§LERFb] WiphtRighal isITound €OHREn BB ﬁre&el&lnﬁthéd deddbdnBQhat

i nvention.  Accor.din rotecti,.on s ht . her h in the
L e e o g ratatie B e Rl SRR M BE T prelenBRaiiéih sl i erko

" conpri skiags defpmyuadgs bp ipside thardeddbantLnoi chaggesun ﬂtsfwls@hpemmscqr@macwebﬁseﬂ quﬂﬂt%)
acquir 'p&acm%ﬁal craeyasdﬁtcabefdnp Blosi@i30 oPFiR&e 9 S Rew 2R daRNOe] Hiaidd@ b&Y Mal{zed B8) ; 5

perforntn a.fin critical dinmensign c ntroI st ment usi ng said
Qi r elgscriet ingleg 4°d%ftFét%““" Ind™ B ePBIdRRY 8#"@8&?6‘%&/"?%%6" fegt‘atﬁgﬁasi‘e new eibr
nodlflaﬁﬁﬂﬁMsmmmmess in response to said final critical dinension control
adj ustnent process. 2. The nethod described in claim2, wherein processing
sem conductor wafers (105) further 10 gonprises: perform ng a netal
deposition process on said sem conductor wafers ( 105); performng a
phot ol i t hography process at a tinme period that is subsequent to said netal
deposition process on said sem conductor wafers (105); and perform ng an
etch process at atime perlod that IS subsequent to sald photollthography

o D A p~-- = - - — 7 A N\ T




acquiring nmetrol ogy data associated with each of said netal deposition
process, said photolithography process, and said etch process. 20 3. The
met hod ofoGh@bdfv2, Wherein performing a final critical dipcgrusopeseontr ol
adj ust ment pr Oce tsfnféulijarl‘fltml %rma%gqpsho ??ﬁ ?18&'7%"&& o) Ghr cgﬂrég@olndlﬁg ﬂot '&)ﬁtl'ol input

di mensi on e data assocl ated with each of sai d
met al  sipwy dgiot mfmch tpprdoesioand, fu@l&r moqsmg @vqhtahlagﬂlfawa P prnBRlY! PALHIES i MR

Pr 0C e sy imdebe fsphiinaey, Xm&chﬁ‘d'd uﬂﬁécﬁ 750 of aigurﬁ ni Tﬁe(i'alhe itH¥RAGH coffes@nding to d adniroli S
out si de a deadband:;

fer
based BybtEns! ‘ﬂ'ésf‘%ﬁor’ﬁp%éettp%ﬁ’“ﬁﬁ‘f’“%gmgﬂ i ??at 3’ F |1 S%gst érglﬁtséagﬁ%gurr l?%é ata is
outssi cepsai d deadband. 4. The met hod descri bed i n cI aim1l, wherein
modi fying af, 633k tQPfgul%@%E %bddmﬁhktof PAdu AR RS fnfal»'cfrfhb@ﬂmﬁ@sﬁﬂ% ind @ aelitédyi ng

dos tolith bed
ol s i flareel BTGP OF GHSD! BHES B AT ETE R RRPTRUER TP, hor
conpr i nQsirdFRa fbryi photoiedi ctehiet Proteass Bebolions. elfhe etnghl spateaydg poly@ate ADsiy Jlugirated by
procesgi RS, sI%e ¢ ng{ﬁd‘gl?otbp{hat\'?gl baek %éc} is &a‘iﬁ:@kﬂ%ﬁ%ﬂﬁﬁhéﬁ@ﬁe @taﬁdm‘@tpoly Eh@et@hy stem

conpri ses: I on proc 210) capabl e &503|t|n
nettl isobs tm@édlmelrﬁtea i gy ftefcef pbqtoraﬂs& it é*tﬁﬁ&ﬁ% 1“19? th?malfwemsa‘mﬁw B ITEHSGr aphy
t ool (@&&lmgg SPRBERin gfresﬁﬁétéhrﬁnﬁbgem 1ﬁ|larﬁek lﬁéﬁlaﬂﬂdﬁal&ﬂ&aé&h&ﬂﬂftﬁﬂ dinphsicha (RICDs

C ool (DS it ST e i ol Qb b, e Gt s 1 oS
sem coDIﬂJDsBZj)r Avafiustiontnf cmdnommmptmexmgxmms thepesrmy] papgg) 0 ot pal OPevagﬁtl%?P@Ve

gac hi n@e *a%%t Vafu@GEsa ﬂcjsa of lr;wv)afe% i€ fakdn QR leanQ QéAphrREH Mu@aﬁehetdh@r s3ai Theset al
epositio

rocess oo l41210 aid otoI % ap Ee 20) anden§na| d
g AR i e M i e b R e L gy
capabl ﬁte@i‘uslﬁ prioctisad)lodt Thesample ovafers e sitippsi andnlmftIClpsa&Oémsmasumed) @HQWSW“@H@d
et al a%sa{l b8 oS a%%?glg Ty et Bdse FREH £bs ARG RIEL Ok PRbs Eoﬁ‘tﬂhlex(fatgﬁlhls and

sai d e? procéss tool a conputer s stem‘§13 el ectroni

coupl edntatereduck goispendfiatREmingst @aqsbphetflfsst “ﬁ%}le to driye fhedEmaIRIREYafers i E*Fé"r‘r? %%%30)
bei ng grepab argef RO Rkipelsldbgoaaai, the FRCIMhd i alitemiaticallp adius(ed, ]abd th baljnce dfGhedet i east
ong netro tool. (1.90) - s cess
i Og? (?%% 2% new %ﬁ‘; l E}Qtlegsdcomq'otlln %g‘:gl ’ e§ %ghé;r%l: adt %Qlﬁéh tWaRR P

sal OTI t said etch ocess t ool
(230), squustntd@i Frofeajipdt Wish ng spat 911649@% fﬁS%coeFP“afdaﬁ iteiFigP ﬁ"étﬂ?ﬂéﬂ“ﬁ@ﬁ"‘ﬁ ata
from agsepaaR! U@ﬁeanotmﬁﬁﬁtewsi@mﬁaﬁd by the metal deposition,

phot ol it hogf;that %ainta t 1ts Cr}ltrel ( itual(alre% l(gt%?e(?%fe F 803 ct)#&iilq%l&ﬂ{ etdlbglg&'

di nensi on c m un o0V sal 2/?
(150) addiiors anaduf&@rabdmputlaprOW%@W (var@eyns at; ﬂuplfomqlg &ragke N &) ang F"ﬁ’b > 3§

CO% r Olpa@bdd Q:'ie'artsf" e Uit a&&m}allp%brﬁﬂnﬁ@@%w]ﬂoterfes&&tiﬁl tihg:, %ﬁb&nﬁbﬂ@tﬂe%ev&)dast em
( 130) to nodify . at |east

ar er jn . esponse to said
rret r ol ER§{RecIag-Ltensiys contropm B‘f‘hﬁ’gl’}gp %%1?5’6‘]“2“[3?3 I?oglnggs?xg?sgggogew ce encoded
Wi t h i nst r uTlie cont®! 4lfmithm inbeinedhesaas it adulh goply te osepestodlots ob*é? fame pantent, orethrred)

conpri §1Jr1 attra %85 EM\Q b8 BE&&@&%%& HamGd:. BIRBoRteNd € e Qdts MEIRARS SrodubtQfpk as
acquirin ata fromsaid rocessed sem conduct 105);

per f or Me! ‘&‘a‘fa’i‘tlﬁ‘&ﬂa%?rpf‘ld}“‘t?ﬁpy TP rREs St B 3° BPmEEER ??Pé’ﬁtm Wt\é\’ﬁ%’sgsaph $ing said
acqui red methotagyl meden definesdthd Selpienshipriwiweg the feowwh awleblf.ce dondigioned rFACD 805

modi ) ¢ W) RERGERS, s HEHRARR vaHabRoFbrbloak otk tind. afs 1dlBBA lsQRrifeBy.1 ©!
: polynomlal functlon (see Equation 1):

FICD bar=c-a*t*-b*t, Equation 1
where a and b are model parameters determined from experimental data and are part of the formal specification for

35  this process. This formal specification is versioned and requires approval to change. These constants reside in the
Recipe Management System (RMS), along with the process recipes and other parameters of the process

specification. The variable t is the photoresist etch time, and ¢ is a parameter that is adapted to the current state of

the etch process.
At initialization, the process controller output is a fixed “default” value for resist etch time, to. This value

40  resides in RMS along with the initial value of c and the FICD 805 target in accordance with the model equation
(see Equation 2):
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25  RMS value of min_good_measures. If remaining measurements are too few, an exception condition is generated.

The median and standard deviation values from individual wafer data are determined. These values are compared
to bounds for the median values and 2 maximum allowed value for the standard deviation. An exception cbndition
is generated for values outside of these RMS-specified values. Similar bounds checking is performed for the
average and range of the median FICD 805 values from each wafer of the sample set.

30 The resulting single value is FICD_avg, the average of wafer median FICD 805 measurements that
characterize this lot of wafers. FICD_avg is now Exponentially-Weighted Moving Average (EWMA) filtered
against the current EWMA average based on parent lot measurements (Equation 7):

FICD bar ;= lambda * FICD _avg + (1-lambda ) * FICD_bar ,, Equation 7
where lambda is a RMS specified value. This value, with the context of product type, etc., is sent to a process

35  controller (not shown) to be used to determine photoresist etch time for the lot. Using the methods described
above, the critical dimension measurements of processed semiconductor devices are performed.

Turning back to Figure 4, once the final critical dimension measurements and error calculations are
completed, modification data is calculated, using methods known to those skilled in the art and having the benefit
of the present disclosure, which completes the step of performing the final critical dimension control adjustment

40  process described in block 430. The modification data is then used to modify control input parameters on the line

120 and perform feedback and feed-forward for subsequent processing of semiconductor wafers, as described in

9-



UV]caV]ca UV caV]ca W]caV]ca WJ]calca W]ca U/caV]ca U]caV]ca
WV] cal] ca] ca7D( RgN&351 KUWbeq\ { upj e [ VQ] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca]

ca U] caWem/dvjcaV] ca W] caV]ca WV] caV]ca PCT/US01/22544
UV] ca] ‘Bl%]:l@@b %@I}lgur@tl CrﬁL&%%@Juﬁ&l fddifying a control input parameter comprises modifying a deposition
WV] ca} bb| FI M G wr mhc| W] aU] ca] ca] ca] ca] ca] ca) ca] ca] ca] ca] ca] ¢a] ca) ca] ca]

ca] ca] &3 egiod £ 3dist @ apaces e @&eq acsgrceaqeew“e&rre%f% @Qrwmplemeﬂtmg the principles
Y\ a: G wughd 6} Mﬁ]pté]s@aid}/@adncfax] Bahfefua] draanﬁawhmroﬁaifaa]t&airmar}léxa}-‘rgaﬂ wabcmserl] ca

]ca] cahca%gﬁ%% %%%(an%?%i%& ‘]n g}agtgl]mca] caaq; J] ;! &&10% Z

&' (§ 9! 1,1 1dompeeEmbo qy%c&&el)thrg_agm/grgut(lyzedjg}%Kg|manufacturmg processes. One method of using
&&10%11%&1 éa}e‘d%oﬁtﬁ)l &@Wgh"l&ox( ilregr‘né 120 is implemented by control threads. Control threads can be

V\Iﬁggg’;l;é%é%tﬁg E’ ¥ ay @e%{(ay;céré%s an( %%m@p&oc?sg hg O/CQ 8"%3!9;{; ar'a (sr)gﬁi?l(!:a%t part of the

&, ) z &1 09Hroickemelof &&gmj%hdl&to( nargfact@rigo 61 Mch s (he egoduteSppt. Eech of @it different control

ig;/z ?1@111/" Ptk e{«g:?é }%1 SR nt(c?ﬂg& eglg éfldrf.&arenggted by varlousé]f_récess conditions, For overlay control, h9LZ &l
ooxad& ( f° @PAhrgidz &% e%fst#%%* %Wm@emféiféﬂf% iqns: “’@‘M‘E&%ﬁ@éﬁz?ad&ct@)m@%%eﬁ[ 9SH

&&mw@ Uh&)pér) et pARGER the wafdr icl,ARda&hitIndiictod prgdit O Ha e Rlin8hduter ithnufacturing

%ggkg(l;& s(%%pr%d%lct& n%%%gﬁég to?l t%?%%gp tSne senéc& fg% /g)é‘w?f)er l?t at a previous layer

Y &&1009 wpf Modlﬁcatmr\s'to cogp' threads are performed using t e principles taught by the present invention.
10b<10%&' ( )Phé prindiffdughiby 1 p@&&ﬂqﬁ%ﬁ&n(cin Ve InfiGded QB Bdvatchd Prace@obirdl LaBChS 3( 1

0% b& - . . . - . .
a8 i T AR P g A B P OB e 0P dopsig () -
10b control adjustment process strategy taught by the present invention. In some embodiments, the APC framework

é 0 ?;; SN SRURE mohly-Slidd SERLOUEERE thorerbre, HEBhRDI Rirktdgiel CAGRLP UE prebent InbedhHlEcda)be S10%
&10%&! ggplied to virfpally, ooy A seicepeicignapyfacgying tpglggn the faptary dlagsq dBRARG famevaaabgow: (
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a number of software components. In addition to components within the APC framework, a computer script is
25  written for each of the semiconductor manufacturing tools involved in the control system. When a semiconductor
manufacturing tool in the control system is started in the semiconductor 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
methods are generally defined and performed in these scripts. The development of these scripts can comprise a
significant portion of the development of a control system. The principles taught by the present invention can be

30  implemented into other types of manufacturing frameworks.

The particular embodiments disclosed above are illustrative only, as the invention may be modified and
practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the teachings
herein. Furthermore, no limitations are intended to the details of construction or design herein shown, other than as
described in the claims below. It is therefore evident that the particular embodiments disclosed above may be

35  altered or modified and all such variations are considered within the scope and spirit of the invention.

Accordingly, the protection sought herein is as set forth in the claims below.
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15 semiconductor wafers (105); and
acquiring metrology data further comprises:
acquiring metrology data associated with each of said metal deposition process, said

photolithography process, and said etch process.

20 3. The method of claim 2, wherein performing a final critical dimension control adjustment process
further comprises:
calculating a final critical dimension error data using said metrology data associated with each of said
metal deposition process, said photolithography process, and said etch process;
determining whether said final critical dimension error data is outside a deadband; and
25 modifying at least one control input parameter based upon a determination that said final critical

dimension error data is outside said deadband.

4. The method described in claim 1, wherein modifying at least one control input parameter further

comprises modifying exposure dosages in a photolithography process.

30 _
5. The method described in claim 1, wherein modifying at least one control input parameter further
comprises modifying the etch recipe in an etch process.
6. A system for processing semiconductor wafers (105),
35 CHARACTERIZED in that,

the system comprises:

a metal deposition process tool (210) capable of depositing a metal substance upon a surface of a
semiconductor wafer;

a photolithography tool (220) capable of defining metal lines upon said surface of said semiconductor

40 wafer;

-11-



&10% () -f &$109& () - @O% ()L 109 ()- 105 105 105, <10%& () -* ONJEDC
| 6S&L! 10% () - “10%&' ()-y! 109%& ()-' @O%& ()- @O%& ()-yMs10%&: () - - cD( dEbC
" 6S&1 $pb 4096%d ) - PCT/US01/22544

e S o b A et 1

10%&' ()-- &gz X6b@afet By;said photolithography tool (220);

G@T f‘é g 00/“5/‘;&.( ) i fe:(s{ (ﬁg %Ql'{/lfgé 1(1t}:ffa%§'a lg %Q’%%le(:t)omcﬂly c@pieé‘%rpeé@h &f)salcl.i met@d@%ﬁ&? pr§ée;s)

RERGEE &10%&- ()- |t((o!3 (249X sad Pl)otolmmggrmo}%?l ((}520), and f_agig«ﬁ@n/EE&SS(tyol (230 wheyein said
10, $109%&' () -\ }} Machirie intérfabd ¢l 10Y& ciphblPt stnlD@ I€ayt-ohScoBBal @t phrhmétér to each of

Locrioos () 1o o iRl hicBia Bl g PSPPI = G B TS0

& ()-$bkJ: 10<F ‘@l @IQes & ()-:0 &-)10% & ()- 1090& () -
&10%I& () - s hO&h &t&)system(liébbél&hmeluy diSkd a&&mﬁacﬂa.e inie@l%gg(l (5) 115, 19H0cBmputer!

109 () -! C & ) 10%5& KFi.aBJ:. 10 09 y109d& ()-f
109%& () - 9100 &Y™ (gﬁ’? ’i‘*tﬂ%f%!} %‘f %S%‘E‘F‘ ‘“{"‘)“‘ acg @g?‘ i
10!1@ : $109%0 B&lefs) onelmdg@%&tpgp,ﬁs& cpypled with each of said metal deposition process tool (210), said

: $10% - - & ()-15° f Kk i&ﬁ t&ﬁ@fﬂ ‘Shc(s)aldle&ﬂ%ﬂoge{ér Bol( 2309 said hetrdibly' 1001 (150) being
g- l(:;L ( 181/%(%%2& () - Pg(yablqa ?Pémm(n§ me g_leg)a-@ta( frorlm a semiconductor wafer processed by the metal
10! | qRT&L0%&' () - Weib§86h&phololithQRARRY, Ghd etchPrbcess tools (230); and

a final critical dimension control algorithm unit (160) coupled with said metrology tool (150) and said

15 computer system (130), said final critical dimension control algorithm unit (160) being capable
of causing said computer system (130) to modify at least one control input parameter in response

to said metrology data.

20 7. A computer readable program storage device encoded with instructions that, when executed by a
computer, performs a method, comprising:
performing a processing run of semiconductor wafers (105);
acquiring metrology data from said processed semiconductor wafers (105);
performing a final critical dimension control adjustment process using said acquired metrology data; and
25 performing a feedback/feed-forward modification process in response to said final critical dimension

control adjustment process.

8. The computer readable program storage device encoded with instructions that, when executed by
a computer, performs the method described in claim 7, wherein processing semiconductor wafers (105) and
30  acquiring metrology data further comprises:
performing a metal deposition process on said semiconductor wafers (105);
performing a photolithography process at a time period that is subsequent to said metal deposition process
on said semiconductor wafers (105);
performing an etch process at a time period that is subsequent to said photolithography process on said
35 semiconductor wafers (105); and
acquiring metrology data further comprises:
acquiring metrology data associated with each of said metal deposition process, said

photolithography process, and said etch process.
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10 10. The computer readable program storage device encoded with instructions that, when executed by
a computer, performs the method described in claim 7, wherein modifying at least one control input parameter

further comprises modifying exposure dosages in a photolithography process.

15
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