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DYNAM C METROLOGY SAMPLI NG METHODS, AND SYSTEM FOR
PERFORM NG SAME TECHNI CAL FI ELD The present invention

wo googermsnl |y directed to the field of adapti vRCT/US2004/017619

metrol ogy sanpling techniques, and, nmore particularly,

t §YXAMIO WPE TR s AEL BN MR T ODS) N 8P4 TR FORIPERIFORWING SAME
sanpling plans that may be enpl oyed to nonitor various

manuf act uri ng processes. BACKGROUND ART In virtually

al | manufacturing envi r oMEECHNSCAIEIELP ogy data is

acqu 'Trhgﬂ‘esteﬁ ifVBRidA 5 g&@ﬁfly YREE O Bie ﬁH@Mf a@%hw nl)e%glo%?/ samphng techmques and,
processes are_ operati n% as exp ect ed desire

HogrRart “"E?ilé{ttf’c‘ﬁ‘“"gﬁ PeReds BA SYSigme f°ﬁ3éjﬁl?t‘df Bl tirEise "’P%\‘R% ﬁlay be employed
t¢ onital dari@f mbdueactbnggpicess®s or material processed.
However, in reality, suc {(ﬁﬁlbs e metrol ogy
sanpling plan is not pr a%?légg? q%nr[\s/l tion of
met r df dWala/a@Ha maERstuFR ergaepn‘gﬁtﬁa peirolegy 1@ tihacquired to ensure that various
MABkKRIreE BScees ﬁatopdfauag aPExP&RS SaTldesiMar @OMeIdeal control situation, all metrology
V%OHBL{)IazakEr!l gor talﬁg)l’f] m%rw(/)o(g Segégrog %‘fa erlélir%c%]w% CIQorJvSéuerrn 191 %ea?@i such an exhaustive
npeEelpg] @@ylnngdzbqnsls aﬁtdprsC@ml ce‘\cﬁmﬁtﬂel%wﬂvlwhﬁracqloamot@ﬁd any value to the

v@)ﬂ@ie&@% Snateﬁ&l &b&ﬁed t RREBver Sac@msbti—bﬁ'dﬁ Qﬁe‘é‘olb@sﬁﬂa de&hd ®nsuming and the
O am

b QT st PR S B P Y BY e G PO igms o eineers
Ascudpthete oy 2 bistlessbmed ddsird fedinvigthd ausind semidiog devierig a minimum level that is

cRfaBie @ﬁ)?(ﬁ/%img ks b}%nﬁ&faﬁ %onﬁ’cfr aﬁ%t&ptﬂéj%&ﬁ rrnanufacturmg processes.
rranufaﬁturlng oper at i petrol o

on sa
gene rllé 1P Vnﬁé}qf & B ugfgr laang thurgxg o?e?%ga; n%’?k’é’%%ﬁ‘a]é‘}%‘s generally performed
ap blbee of B8, tiglepwhdegiulends so whichwat ef Bafas e todeband@nbreatample, most previous
sgﬂlmg %@L %wolop %hp%ge%ke‘a%or? g fﬁpéa' ﬂ’ég:erﬁééé t éi‘éTBzo%” \26@ 'th\‘, eworkpleces (or lots)

i'ng based upon a fixed percentage, €.
LRI RSh & BBLOr PP BRGSorp PEES S8 AR BB a6 GO Gfer 1t G40, o
nPROLESS fispesatidconnd dr nddagedre Uoxathips €5-eX--patAdéitiomally, ad hoc sampling
d@m ns a1% 56 fin gg g\?J m!icfgtat QhX d?gc%gon o? bhe r‘gﬁ%?eg u% &e n{eﬁttt? tincrease the level of

prece an 0 not neasure the nex ).
Smam Pohattigrlar et Fotet saieplF- r$§Chdfé‘é‘Pl§"r d‘ﬁ‘é"’@lﬂéte Efifplipgipguts may lead to
oRdrSEmpNBEIE adtodiidien lthescr et i on of t he engi neer i ng
SZP?[’I%UF uEe tﬁne Ti %g{)\%gea%pﬁr% % mon a roa A e(lﬂgf @1% s&phng rules to apply to
onki keyorefess ﬁo@@t aslgw—qutq iy tﬂqq*g@hlgapmgpm thlfI@lal samplmg from ad hoc decisions or

oL fouzNgRkd ﬁt@ ooér-bardaf @6l UGhi® ot ItenBotrolby 081 UGS pérmndxl $lkwever, such a

sgngplnol%/ aGerro‘g’ oduc a rlsk Ot a ptro%l apvP {hoa%(c:)rhke Srotceoss trogl cmﬁ? remalfx undetected due to
0 On POCEsS t 00

ﬂlledwkp%@tseecﬂByamrémg Ilq@ fqrmeslorabpp@eaaﬁoolt he addi ti onal
sanplgyRgy bf &madomwm 1BEGht St OtSseicorbdi® Enaﬁ@ééﬁaﬁﬁgsfagﬁ’&f’n may be desirable

FE A IR A M P TR —
imprcy @daceg seh Aifeks mandt a eollptiohbfdonr wiclt holaanddwe kodment sinks (where photoresist

RGOSR A it Ql%pe&ﬁé} ﬂe Jtﬁlrfﬁdc&s Hrﬂ-%ﬁéﬁt %dcy;ﬁl&?saﬁxﬂmtg Bge lln%kate that 30% of the

of a specific sa rule for the non- process

lotg, qucessBcgl t%ﬁh gach ggglﬁrﬁ?“é etgih | 05915 be gubjggiad Eoolir}fn'é)igigy Baﬁtmg However, the actual

n@tibgassahpl ot perarimed antl dftdr fhg idedtified lots ire probessid yhrdngh both an etch tool and one

ogﬁlg ki {;easglkr&t glrﬁ(s Sﬁtad#ﬁnaglqh gﬁﬁ%{g}%holg% s?xﬂﬁ% Itﬂa{] e% ﬁHdOLQess the solvent sink tools
I nvest | et ects. process

Vtﬂ(b eif%betageatlat%gﬁmnladf eHogrsvVerip are%t% puck &9%91‘?&}4 H@& eﬁ Peparfde adeguate sampling of

th6BYn-RE pRocesd kdoRCiel, &d s6lfent Gks. BHla€Hs, dud @l réndafi hdideVtBe lots that are processed in

thse elc}{ %ofs gm%?(l# lg)e éqPV\A'he d1stir181l},| ¥hey are grocg?se do?vggnge{xﬁ %ltlﬁ sglvent sinks. As aresult,

sotyquf @a soleeaisiyikitaply map) b@ommslﬁ%wbﬂetorﬁalt solse%@f toqlgygay] by pader-sampled.
processed through each of the four etch tools be

subjected to nmetrol ogy testing. However, the actua

nmetrology testing is not perforned until after the

identified |ots are processed through both an etch

tool and one of the five solvent sinks. In adopting

this approach, it is assunmed that, due to randommess,

the solvent sink tools will also be adequately

sanpled Fbmever in practlce such netrol ogy may not
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t he non-key process tools, i.e., the solvent sinks.
That is, due to random choice, the lots that are

w@e@wses®ed in the etch tools may not be equal | BCT/US2004/017619

di stributed as they are processed downstreamin the

S 0| V efﬂltah &h&l@ﬁ)gy s%ﬁlpﬁlgrpﬁﬁ U/ll@rem R Qrﬁ‘su@éd thdd &1 FHe\GEREd B ke being adequately
| e ot her sol vent: sink

e _over-sa g
B M B e P e o ELm SR 5 Tt F Ty SR Rgiors may lesd o
Sgﬂlaapnswﬂnep e panticular preces s@lth@ ds nohatdueihd acabtablbiesuiiembyr gadindetected for a period
Jranksady ﬁsulﬂenhﬁgfamg Q@s&s%deasce%%}n %fakﬁrﬂé%ﬁﬁfégo%s Q'HH ﬁelé Bgy decrease. In

nuf act uri Ng Processes. \M%éon SUC
%‘%%%rﬁﬂ‘? 1D s iroely 2 MEEppeY @“@?‘T&f&?ﬂi‘%ﬂ paninyizes Hernpigpar gf workpieces, e.g.,
lps, ceesssatnpled wiila il ddguindy sspmplxgiulie prgesadole ridabdriohBiled ® be sampled.
may gﬁe ;ﬂﬁgeﬂ iﬁ&eh@oq 1! (%Fect@d Bq;alllo%g gﬁl ngﬁegstﬁs tﬁat rmea§ lsjoh;e or at least reduce,

manuf acturing costs I|ncrease an cturi
Sé‘f’??@“éﬁb‘?%@“’aﬁ%“ﬁ@?%%y decrease. |n gener aI what

is desired is a net robmosmmlommtrt@dol ogy that
m ni nf‘h% %fc’esetn!1 ﬁveay o1 1§r en%)rfa I)M?Welétgd 1% var1 us Imel%ods an? yﬁt’ami F]Oé adaptive metrology

waf er's adequat e
SH}*@@%%"HQ 6’6‘] maya Al e@p‘@)reétt@ arpgitay e@rlquednatl'@fadbems arppiseel. In one illustrative

e]HB&inﬂé'nQSﬁ%etﬁoﬁ\éelﬁﬁrls&rbréaﬁngjé p1eG1ie Gf h@trdl@&'s mgﬁﬁéa,oﬂ§gmng each of the

B S S RE P it H D8 e oIS e aatsfis s st on
0|f W@me Sehpling relsse ptsodiatinge e sarplins wejgnesalad foy eadh ptht edlisfied metrology

sﬁrﬂle%fu‘le@ Wsih ﬁf@fd?ﬂi’ﬂ@d @J?ﬂne%éé&ﬁa?ﬂﬁsf\ﬁ fBE g aRd ﬂnéﬁ@aﬁﬁ@g rﬁ&lloﬁg)yoperatlon should
ed to nonitor various

bﬁg%ﬁe@%&% ancdmﬂllatbve éoé;%a gthe Sla]ﬁplglﬁ @/ellgﬁltlvalgets llsﬁ eqshequal to a pre-established trigger

velmbodi nent, the nethod conprises creating a plurality

of maf thlgﬂﬁus%ﬁwp Iex'n&ﬂm(em e me@x§c§é0919}1§ggcr€%d£a gl}:raﬁtp St metrology sampling

nmetro| ogy sanpling rules a_sanpling wel
r\ﬂase ﬁﬁgf“gg ﬁﬁhg(p theghelology, aampdipg files cesapplipg ‘éea%hf &3lyeg depfifying at least one
viogkpBte tha eatisfes tth@stropd qsfolheogayrolswﬂnplmg rdldd) BDciatih§ _ﬂ@@d_nﬂﬂlhg]@elght value for
chdne f%ﬁé‘l-”a'néﬂ%&i ﬂéﬁ&gﬁy sa%?l gerufesoi}viﬂ? %%hdeQ'Iiﬁetdr\?orIgp%IcésstEI ¢&isfy the rules, and

rret r ol 0og
tR“;gl glogwra%cgtspycgpetpﬁréormgﬂ Wen a gyepiativeliorhef] thﬁgsalaphng weight values

forehe dliegyrangsaibliogrubo o icstaguape b fm@feﬁﬁ;ﬂisﬁé@fﬁ@geavalue

lCU m lIfrflL letﬁ(Tr'ilngtg ive efmbgcpl%fn§ %T l | n cc{mrpn%s creatm%F el%ralit? 0{3l Igaetrology sampling

r‘él??oﬁfﬁ’é’f‘mg Pachy of thet m%loerm@@ﬂmmw@es at ﬂqeplmetvmﬁht valyep idenfifigng at least one

vﬁ)ﬂ@ﬁtd the safisfleh atn@btiohd/of@e rﬂi@ﬁlb@l s@lﬁ]}imé ﬁﬂ@l alssfdgatfngl |th%§amplmg weight value for
e%% f Qﬁ]e sagsfe 9 G etfrcg(\)/gglt sgr%phn# d% <5 ) % uleng?é §lfp1689ﬁ tﬁlat satisfy the rules, and

W%Iaé’eeé Obxyaﬁperstamuswidéas Palformgiaslten emenuddtive ol ofelersahigy weight values
fSARPIFiHRG ofld ?lla&&s 2888 QGkaPlo s BE- egtms}e@mggar Daenei ght val ue

i een Cent: 1 kR DESERIFION R BRGS0 ° oo

and iThelingationrgpy e medersobdigyrefopade ad ﬂlofmllshnmdlesbrlbmm taken in conjunction with
ﬂﬁ%&foﬁ%ﬁﬁﬁg M\ﬂﬁ%s% Q/h'l@ﬂjllﬂ@fréféfglcé Igﬁngxlals ggentk}hﬁce%@ﬂmtsj 9 in which:

melght val ues for_one of the nmetrology sanpling rules

i s at A1Eddydepiegny tysgatiye ﬁ?t@dlé@‘ltaﬁtp? RerE vertigyard val ue.

| n aFfauretines sdhbhatis tepidibn e cderbndiati@rinpodidict 64 §y@eh that may be employed
v&gm@%&&ﬁﬁn&ﬁtgﬂtl ng a plurality of netrol ogy sanpling

rules, assigning each of the nmetrology sanpling rules

a sanpiilp e VRveRie i amuerentibledionyarioys mgdifieatipnsagnd eligmative forms,  specific
eivBddiahnte Gerebiihade bSe’Msh(ﬁ&fnlbﬁ Wapdf ekdapfelin m@&a@iﬁgstaﬁﬁarm&rﬂle&ﬁyed in detail. It
ogf;cm% gﬂ%st%éﬂ EWever éslcp tl’Q:re S?‘;gn)amg thlb\Aﬁlmng#ms 8§tli1%eended to limit the
inNpritipe tonfle paiiéchiey forlesodlmﬁﬁpble @e@etmwarysdﬁllmn}wrt hdo cakred] modifications,
and indicating a netrol ogy operation should be

performed when a cumrul ative total of the sanpling

wei ght val ues for one of the wgrkpieces is at |east

equal to a pre-established trigger value. BRI EF

DESCRI PTI ON OF THE DRAW NGS The i nvention may be

understood by reference to the foll owi ng description

taken in conjunction with the acconpanyi ng draw ngs,

|n mhlch I|ke reference nunerals |dent|fy Ilke

o A ~
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Figure 1 is a schematic depiction of one illustrative
enbodi nent of a systemthat nay be enployed with the

w@e@senmosi nvention. While the invention i s suseepuUsiph€017619

to various nodifications and alternative fornms,

eﬁ%ﬁénts' &d%@?ﬁh@hﬁg \Llﬁ’lﬁlrtﬁggplrn ad}(@scpfee& t%hg\ygﬂt s %ecplty the appended
in the drawings and ‘are herein descri

%%T%I| It shoul d be understood, however, that the

descri pti on her MODES) meﬂnmermoﬂirmemmgmﬂamt

inte nl‘ﬁ@s@attvg erlll!aogln{egtg quheI ﬁtﬁh Erg Heszrﬁ)e& pe?owp El‘rg {he {f‘l{’ére .of clarltyé not all features

forns disclose e contrar
9 Gn GERAL kTN i A ‘i?&t“l"’d‘rfg ttéwwfsﬂa@m ét w&lrﬂf course e appreciated that i the

&V di@maatof W@ SsuttahduaN@nbédifblit, rhuﬁlblﬁusslﬂtbfeﬂnéntaiiﬂxdsp‘é&ﬁlp&cﬁf)ns must be made to

%\%’é t%)d%gsl 90 ﬁ%%f gga%%éﬁpw ?l‘]l‘l re?at ? ralgc’{stiu%ess—related constraints,

Whgodl rasnfrgn erfe implemdnigjearie fngthera Moradess.d il belarpesbiaed thit such a development
drfog nhghi Bé' &ﬁﬂple@fan& lid- d:ohéﬁmu@oﬁut ohid h8ALHHe8SbeOf rofthe AfdeHAlng for those of

n ar e f% 1& g Hn this specification. It
5$%ys cou RS e Bt 8 it 8 PH&t in the devel oprment
of ankhe ik aiphases u@drhmmh sireuld be undarood @sl interpreted to have a meaning consistent

Wlﬁﬁﬁﬁﬂ%&ﬁ&h@éﬁlﬁ)ﬁ@@dréﬁaﬁd tﬁtﬁa@és %ﬂl @5‘5% sl bin Q@reﬁ@aqﬁartt R0 special definition of a
achi eve the deye pecj T goal s, such

EONBPPER ' i tﬂﬁm%%taé mdffé Feat %‘FP ‘étﬁ GrdB‘ﬁ%’laﬁ‘e eetm.n@v Ztegipg as understood by
thpansilledinritesyt, inintepdiedyd Helimpliad yy donsdmnonRgzeioNht eriestphkde@Erein. To the extent
thi@a ROL Blj})ﬂfase 1Mﬁ{e§d%{ ﬁ)rhave sRéMai Iheatﬁgg, ap parrge%hlgé (ﬁlger Ihgiattnat ‘?‘u‘ﬂﬁgtood by skilied

a devel opnent effort mi
TR UEHOTRTH gefingiige WHERSTOPTFREY ot (311 18 46 ShyeBgptipryiays ds@ntonal manner tha
diraglip et drkiequiyodally provides the Epfecuﬂ Aetinftiak §or Gk telnh oriphiratehe art
Bﬁ\r/ 'asr%s&aggg %&Iﬂglr tél?l}h (ﬁt;e £ %ht?‘o%l Zérfles 881(1) dplaei‘n rﬁo Eo%tséxt%?geaﬁng an adaptive
FHEBE frerdy copRECHigR e dhe AR §F feaswiesi as the sercaliidt “metplippe” level of an integrated

diradieiegtea Ietpicety,Qf pldreh@&ﬁndﬁ&[v@l Son@bEl wpl Yed&8d b)ﬁrd’vfd@ Sl&:trlcal connection to the
a%tlﬁél sclrrg%n&dgtoﬁge%cg % g,ev enc mFtaNoon love‘l: of%ﬁnd?w%ve 1n%rc]p1%n§ct181}§tm an integrated

rm or
Grlrﬁwetﬂﬁegwratlm@fegﬁ tart’@f @etslmhefrgwnmfamlmgs thet apnehwpled wageviously formed

dayduEtWQS&ltanﬁl Fbrﬁldlglsﬁbhtfkhﬁlré@ra{ the tnStall dAb @Q@i@&l/of-v& Reohmy hﬁgons forming a

t ent us erm r
R SRR T a0 Pl SileRaS RS Sl Rl gene sepper
tg%@@qunmmﬁphwoceqs .op the mgtahlayeni psmg apteteketook hralrstrippiag the remaining photoresist

xﬁ’a@ldﬁ’fes th@ Qh pﬂéce&kis plsrﬁﬂnéﬂﬂkh?@&ﬁve%l ; {)ﬁ Sfrpgtfﬂﬁ@il the critical dimension of the
se or I n

I Ni ress
Bt e o G PrR TN WL ETrAPE Bl g b thesubect of
nagtrolloginepgations teaddieymipe the ieffetivehdse oSthe pioedsses] exhployied mginthd @xeptability of the
rEsnﬁné bt O er_('é?,Sa@ten ﬁ%mﬁﬁ% ré&ﬁmg Wi)x@seﬁtréhﬁicagfgﬁ,ﬁléo;% skiol%ed in the art will

esenh invention wll Dbe discussed in

oRErEE it PSP B 8 BRI SeeHBFFEICHIY SGHHHE CEBle. Rather, th present
imviettlon trhae bd enpiaytd Drowkctibeaitis est atiety bem&ofaaaink eﬁleratlﬂﬁt ®@bls and devices.

I [

ﬂ@sg thljbr;gééi&{t ;&Ergiﬁﬂ] al%op{dsg{ getoﬁqgﬁelrég a\%l Iﬁltgﬁ% %12 rpaxI éﬁ% g)%césy ‘operation or to
Sﬁ)tplﬁqpfiléfé)r BRRdacingopergigpyialessisah limiatiopsearegxprgyly set forth in the appended claims.
sem Clableblich 2t pdeddae des@ibf one 1ﬂhstfraft19é'1é3<|ampla_Bﬂlomﬁﬁeﬁ{leﬂﬁﬂﬁogles of the present
].JIV%IYU%I’X mg)t b e%nfg\ée%t W&oklé%yn ltsa?nrp?mgt_rfﬁcta}ne ge tttourg]l?[ t‘ ars] P%rl]nétvrv](% & 8?ne1§? a set of logical

Clrcul
s@@f‘?&‘l}%‘ie?c@@ng iwh@éhet sapling r lée wolirp Ia@dWltathpip exheroths bappfingrrate should be used.

FoPdd e kY, Q r@lORInber Hd ruEeQx%xHé ﬁ@ 12 W6 heidt it 88 rdd totfd& it easier to refer to the
iy vel ves atlons

mD cﬂ‘l, samlglmg y eys o rT all)é?n Yﬁ?{cgl séve? B‘PT?H%%E rugg %}g{ t?uéuf Heogta e%%ernaglfs The logical
Sphmtr@r Cbsprlhltlg Prindhecanasing ruerpples tande kdigned togh a2 metchihg wBisetg The matching
rie St BPRE rule QAL for8E TMLM N an etch process on the

netal |ayer using an etch tool, and stripping the

remai ni ng photoresist nask aftgr the etch process is

performed using a solvent-strip tool. In general, the

critical dinension of the features and/or the nunber

of particle defects associated with such processing

operations may be the subject of nmetrol ogy operations

to deterntne the effectlveness of the processes

- o a1
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i nvention may be enployed in connection with a vast
vari ety of manufacturing operations, tools and

wa@lewsoe®st Thus, the present invention shoul d nPCT/D82004/017619

considered as linmted to any particular process

oper aWhéﬂQ d@&sﬁnQS ﬁﬁf@a@&%\s’tﬁ&g{ ncﬁ@wglﬁfﬂh YL fnﬁ}gedQJp %@th 'f&) rs‘ftnphng, there is
15tg| ess such limtatjons are exp ress Yy set forth

R CP T R R G- 194 SPE R SRR ST thought of 2 It
onext iiformstionatAddigoreka el e vafl nbraallyt e srpiobisd@l 10gire 2. gQfwhich entities, i.e.,
ﬂr&@ss QJO?SS @E}E uée@Y@{%ée%ﬁP}my tgig)a %!ﬂ%}[o%gssm Iragén an etchmg operation, a

'l ng can s aV|ng conpon
lgaslél%g opaqathnogpleg)resgtsglpé)ﬁgﬁ{og, etfe é}bf,qrqglc?\sgs Wﬁé}gmﬁlﬁ@temems in a matching rule
stagyl dom@liné ihlf@maAdP oM Sheadsburskratis biDthel ®oivkiSMtcinbfs MARPMARGng rule set are

s%tllék‘gd ?{“%{L q'lep%at%g%pgh ?ort nvem ence, a rule nunber

ated with each rule to nmake
i t ea@r‘: @hatchipe Wéfsetﬁ mebbﬁt We/ semﬂ«f ercemplexsdengyiding gpop ieaequirements of the rule
ahdl e @naﬂufﬁtﬁﬂhg:ﬁr&e&@é/&ri)rd’dm he dna[ﬁéde%sﬁﬁﬁedtamb I'Table 1 depicts some sample

aSS?es og}llggra{ e mat ?H%ru asr?t& % e g’?&fc V& r%ll%%?% eg(%;gegﬁ)f Seéﬁnmg a rule set based on
hdséq‘rg mf@gatpm ias walchrath@)hwqqglsqdl,ﬂt e/hglke prior Ppeativat e sigh rud @ based upon the

o‘éﬁext fopthe@ACHE. rvlﬂa@prbcﬁlctsﬁtbelflgpﬁlmfa'ctﬂrea_ APIE 10t VARD s@enth rule is based upon a
her or not a | ot should be

%ﬁ%‘&“ %flb"%é(’é &c’élE?thaB? 109%%’;5’( Vlf?ﬂ“at‘t"her e is information
assocCihapaticulst tddestahditulel nomes(set.fgyth, in Tgblet legre Gipply Blnst@tive examples. In practice,
chthgH'éEtand %ﬁ*s )na}t D@Iaﬂér&i &%cﬁﬁi‘e& Yor ta@ﬂéégibtafﬁtzan@r? F&texample the rule name

context _information. Additionally,
(ﬁw ?r ﬁlg\fgst éuli,)]s 6Esg<§§edn\§1thﬁpes{irétr19etal éaya (me%ﬂne)ﬁzrltlcal dimension (M1CD)
nmblogy (@& ess (aperatjon J8 3T @i shete@b tod] nuivBdr @0 (Y] ThOmBEIARZEES set is satisfied if the
e h? is, e&h to%t nuﬁlbgqr) &E’Iﬁb’)l atthe t9100§§ é&ﬂlgocgs? ﬁJp%ﬁo% B3 OZ gmilar %escrxptlve desig-
etch |ng perati o a mas operati o
ngfthnf ﬁre GH%'F%Wt}bﬁSpegtt% othqrﬁulgso rgﬁgr Exgglélg, rule p}@nlpeb@(]@ﬂ;gMIFI) represents the final
isspatienmemt ﬁetﬂol’bgﬁpﬂﬁ&ﬁﬁ hwmegﬁxrauinq;eaﬁh nﬂS&MogyolBJ@blftﬁmed after the etch process is

coxﬂélggygdl A0 piclort&)lrgsl<t is r%l%%v%g) ur’l%g ogeratxo? %HS regres[ents % fc n%ﬂ inspection metrology

nment s
opergiion. %nrliaele l,tthfe”ﬁletnﬁm Wlﬂluheeorefpspﬁwess aﬁf‘@?lat@%‘@th atph toolpynber 39. The prefix
“gopaahi inﬁ@e ﬁLUﬂlb@r SR hSodHRM v sﬁéﬁiélytocﬁ |nli’@$e€6tpefnd‘ﬁﬁr694r£i)6n 5170 (in the associated
n(?le Qe repr a 1ts eo Qlettalho%e I;n%s li{ll roeera 101. %s t¥1 T le set fe F Eer 5 is.satisfied when

fapf 11 NG Pr oceSSELESPUHIBdUEEs™ 0 BhdicPIBHT A
S@Pﬁﬁ ool ey €4 Is Tag inghelmatd peguaskinedamer ey (8 70 AMpidsruls (RO2DMICD) is
dirkdiddSh habdcM@ phRRLE @8[1@2]5)‘1&6 HRE0R -set b Satif fick Sthed hY Sachdilcg Product is in the
are Eﬁ%npl es of defining a rule set based on histor y
PFRf0T %t i on, Le., which entity was used at which prior
oper athg seventThde €Vl Rile) islagrulesthdy arsdes U ambinki@n cod ridt esettexd fand lot history
ntf@xﬁlaildﬂt HY hé 111§strat1v¥\‘n§et senq{)xqglg @tls sjat%ﬁgﬁ\]v}{eg t%@%f@%ﬂ@h&% xﬁeﬁufactured stepper

g he seventh rule is based on I nation
t?ﬂl ”blat“ﬁd fnéfte ehens Ryaskingdraeess (Opsratope VO B BiFihiaeli38 f usetifthe metal one etch
ppgest (operktan 5230)] dsvaddigloftiagicel sraamerss 18@tbe L@binad tonarrivakila@arficular rule set. For
eger Iesfngg cé{nr#hl:a eH%tta{exgg ts lgvog)i'%o ther d:%mlr)arlson? re%c §e ds t?dn or equgl to (<), greater than

e$ and
oz, pruelith [0, ad@mnﬁld%lqabwera@m e. @XCRPIOR, NOMeetq, Lok mld\m e.g., 98RO2*, could be

H(C%MO tfl@fule s@ledefiﬁlﬁo?xt /(dditl@nallys theSalR Qét%ﬁ@' aﬁeﬁyt tb n{olﬂaethan one metrology

t t
e ML s M A RRRCN R 1 P
ntegabgyriemetatom 6485).( E40) . The matching rule set is
sat %ﬂeletﬁie Iju{e thJla?e &Hﬁedtaysad'lﬁmg R&%t ¥s%&kagtnighl(‘){5rpa§l£%1§) as (r!‘c:l 4t9c) in Table 2. This

at the metal one etch process

sapalipg Weiehy dssnof ¢ paniplies REESSRiRge AR PR gaqaeenapmmoeopvw file may have a weight
a$s@S4paGith itoaltbdubiethert hibyEise. sinfaBdns @XREHALLE, nof thid @sel) TAGXGIApIAg weight is a positive
(E40MLFI) represents the final inspection (Fl)

netrol ogy process. The final inspection netrology is

performed after the etch procegs is conpleted and the
photomask is renoved. The operation 5315 represents a

final inspection netrology operation. In Table 1, the

rule nane with the prefix "E39" is associated with

etch tool nunber 39. The prefix "STP64" in rul e nunber

5is aSSOCIated mnth stepper t ool nunber 64 and the

. o - — o L T Y 1 o o, e
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processed lot. The seventh rule (My Rule) is a rule
that includes a conbination of | ot context and | ot

wohe@so13si nformati on. The illustrative rul e sePCT/U82004/017619

rule 7 is satisfied when the 98ML6B product i's

RO Atk & he sShRFRPSLiet: AR nifd: hSprbiRf ,maﬁl d B Gampl
anHSkI ng pi%ocgsss Ijt.ﬁgg.r;erlfzg;\tl onl%rt and g?' E tool “i's used mpling due to
hahrfehe “net al one et ch process (operatl on 5230). A

var i etnyadditiodabgpeeads thd Iﬁésemmkﬂloﬂmlatebeo e rmivateresd theGampling rule. The state
&S Jro\ﬂ?e c%tnulgnvg ?%Bdbﬁy Mt a o h%ll1§ Sg Samglgti] E%)(i{atgpe aelbt szqosﬁes the matching rule set

Conp | cate I nvo er conpari so
15 ARG rale eAEIBH TECRFAFUIY § ogde 10 d el et [Rabes i ang dupspvide simplifid
ekaﬁhp{e?):f thladéﬂbdt bﬂﬁ@;ﬁreslexﬁ GHivEdibn. 06K 31iOd t8ble ﬁﬂ@tmg thdproc¥ésiRe history of various

lWFor exam leg r{t%n% lgrg’cfuct 9 %PQ% 92185% rfxeéeﬁ one masl?qng operation (5170) was

I NCOr pora e e se I nrt
pﬂ(&tﬁmd lzmﬁpneynwrtbPréS HBiTPé5)svdle the wied! cap piklyproagssitEASe) was aerformed by etch tool

30 QEB@FtTa‘BieQ%épl&p &he %ﬂe@fér the - tv&hous ARt & mORE I&Htlﬁelh GRTable 3 are processed in
er a NEeL a

n evel
o TOF R P AT e P B PTG B agrion mtoloy proces
(oxfetation 56 G2 will Hedergadds Aah@ (defiimEatile 442 wblepirilngatewpingdnt thatshe matching rule
s@%@r' t%ﬁﬂje ctlcpn(@ @;ﬁ)lﬂ/ tb lﬂ‘le%t n@&heﬁtﬂﬁj' ﬁa@kﬁ@ Td%leTﬁpL @un%rlatlzwévéghted counter that

l'in is. not a sanpling percentage or
% Io%lf ?aéltbeen S1Nednef§rf)lomling}mg BTOEES%VVF] ge‘elé pgfog%ng)ﬁ@ lot that satisfies
tl&SJWhmgthet\MrtalglvbItmleal t hough there may be situat ! ons
wher efhg b\ﬂé st5t§s d?:BJcteJ t}ﬁeTa%ﬁsﬁ are Tﬁéﬁ cgﬁ%ﬁld 109 n%!)lﬁ%}:[ tri%%re Palue to determine

OS| t1venumb er he s
VYli‘FtB‘ﬁé?F nof A ot 6%‘6 aeolin?rkftdyr Feed i ey i pgsfology operation is given a
nsadri ltiigag veluethdt & cofgiedidtheruleAtate At tlie tnilosnad is &ﬁlﬂ@&&r gfthted th@ the metrology

n@ég Y%Me l!hghvtlﬁg]tldt %mﬁrﬁid%ﬁ %e&cﬁ g&hgr{lpﬁ% atl“eble 9 d]epu?s trléger values for various

nﬁﬁe}wwws P &ﬁlcaa68|v6@th§ﬁewvlegywemélawp@e be efotmed baye o the various rule

siafai (fﬁ)ﬂlt"lfaslﬁ he SAstCBIEbd'@&n{I mbtrbgogp lsdr@hﬁgeiﬁ mﬁfaitedafoﬂatwéol I’v@ and J80, because the
rul%J st es e }fﬁgzsng er va?e jpeﬁl?ig({/ %oa énetsa’d one crl?cafj%mensx Iﬁﬁ} éé’io%fprocess (operation
B4 sFQis?{%!P! lof J6p h@u}ﬁrbes”}@mledlbﬁv@qqtthecmte (TAIof wulexd (ROZMICD) is equal to the

n}ig@fﬂ v@luf: sfsoaet i @Qloﬁl@ Se ﬁﬁl@l@%&%&uﬁk@h@dtﬁe @5)3/of afe ¥@56UD) exceeds the trigger
ors or. cont al ns
o o I R GasL R ROR 5 o] et ,sg IR st e wiser

vilye f@pper nunber 65 (STP65) while the netal one etch

Pr 0C 89St RAidOhet MRS E Q&ﬁ;fa&fg@v@ﬁl e Ghed QQxllggg’xgvafugTvg(%ﬂd be to compare the
Tabrlaﬁ A} de% t%ls th states for_the various rules
6l{ %Stﬁt

as
Sthe ht' T?t‘é’ 2y Hegen s F °é?"émb‘F > JBEE LEAT FRPTBClydqt 130 would have
bep taggddripimegology samdingbesasothe @il Bard kplicable nlly/stdida,S0rferln@s3 (E39M1CD)
aﬁtpfo fglel{lﬁ% (ﬁ@ﬁ\/[ﬁf]j)t@ %@a er QMYEQ §ig?er1] vﬂget ot gb o%}é? R 'iﬁ%;h‘é& Would have the benefit

eration 53
th?blgis gelagteg éows?lagyafmnlw l—‘_“”stt’%‘iag%?e e ie A g mumber of sampling rles.
Hoatweh buel) aff apbi@ach @tay bodifficliiad nﬁp.lldn&nﬂiudtoI’&lﬁ‘ﬁcu&i@ph)ﬂet&ﬁmﬁﬂ'g&ppropnate trigger
V!lll?és Uﬂdegyﬁahddgfd%y ﬁﬁ% aﬁ%le &ates-lz-ﬁeb d ed%ogrtﬁer%n&c%ﬁﬁ!ax&{ tB\é ?r%ger value, adding

we counte descri bes
a ?ﬂg’éw%f% |leEepivebarepicenige Hweeevglﬁesprwawy Beseribedh e Ferovprende, defining an
a@itiodal Ir€lk bishﬁ&n éiﬁidliiﬁéﬂaﬁ&tﬁyh?pe%uﬁl"ﬁdﬂ Gis ﬁtb'l]e & ﬁl@ tstatfeQ for @tchers and steppers

?ﬁglé{ ecﬁ:ﬁﬁelé gPye tamtie a ge@‘v ru e %V%Sa dgeéiygf he gfé@? tn%gaf vagle% %ossmly at?ected would need to
begj @teéqtlpﬁtqqe Thysein [vea 111mtratw91embpd[n@pt of e whradenbinvartionk eadh pile state is individually
c&ﬁ}ﬁﬁ@ & tfleQﬁetrBieé}f tﬂég@x%élu@samwnﬂﬂ% if Fdlogl %ﬂlp%gqgﬁarianted

oper ic trigger v a ,

b Arii et LT e S o ey B Sl i) g gt s marked o
mewolepy sgupdiag, g stata afevery enlereliosohogyngtrule goess sutafiadds regeh EPuring the resetting
pkt@s th@tstatlessfoﬂﬁ,rljﬁﬁgaré Qﬁuc&ﬁ}y raﬁ) ng(glxt eﬁéyi'Bltﬁerﬁg%gerE@m % agmmmum value of zero.

depicts trigger values for various metrol ogy

operations and indicates mhethﬁr met rol ogy sanpling

shoul d be perfornmed based on the various rale states

(from Table 4). As can be seen, netrology sanpling is

i ndicated for lots J60, J70 and J80, because the rale

states exceed the trigger value specified for netal

one crltlcal dlnen3|on netrology process (operatlon

NN\ o o o o o o o
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val ue of 50, and | ot J80 should be sanpl ed because the
state (60) of rale 6 (RO2MLCD) exceeds the trigger

wo 2008017981 50. An alternative method of conpariPQI/US2004/017619

i ndividual rale states to trigger values would be to

ﬁ%lﬁg é/gl‘]%ssslhl 7% I sh@ieg thb g}'nglu'l% %%s ﬁtogl 'ﬁ@ﬁﬂe@?hf rgieg gﬁ\”%ble 6 shows the rule

tr| ues or exa SucC an appro
%taéﬁs es@e%eﬂwa%%d%@e% hf“éi’d’@@dn%d@r Whise p I9F 5 dgsisasiefiPi gjrology sampling,
tve et ﬁz&estd?eﬁpr&ﬁdm @if bblti)s thmsamiellmb kt@te bfdhe nild [Ro®, theXdmpling decision,

\Ilh(ﬂe the gl%dﬁ/al(leE% ﬁm’vﬂ’tquf tﬁ% rt('ﬁe e%i%f tfhe resefc prge 6 (R2MLCD) is

greater ger va 0% such a net hod
woul dNtieake thahia theaplest 1hg valysgfor lopi8a for gjlas d tapd6 fawe also been reduced to a value of

Hie:m@ keP)ts G APhrkiblGhr W4, Egt MR 6Cﬁlas| Ysel8 z$r!')'| G&Qotth@tdurmg the resetting process.
al 1,.S
B8 b Tob? bR PHE b o B e FRpinemBiT vigling ot 10 A similr

siieftip eegrs foplot Bhandedlel. mi ni ng appropriate trigger

Val Uefhere WRORHer fosdiRe RAKHAL ngysetymgetﬁcetn@éelr vdidh, eFo? teﬁtnﬁl% dri\[yerules whose state
ded ta(%get her and c%gyar ed to a tr| er val ue, g
Xt PF BrRERlosy SAmRUnedrssa i anay b BeRy @ ey g der | hggl&fho ology, different

mlad vedl iprapplied irdtpyndeiels and bight.reskoin it 0dr-eampthef dr ah fgdequiarte set of defined
ﬂlgéj’éotehsq{éekldm%lﬁ!g ?rmg qg ?oqlot%{;é aﬁncﬁlgegla to?glflhgﬁ%g ItJ sef %ip plicable rule states to

he state tchers
Zedpisat of Abtacingyhafgsschuios Aprh pinhodplogs wilrelyly elfgpdnates all sampling rates
clddadn “1al”| sampling edted Qg t 72, AGE 1/4, Ve, LMGre(B@:SB]ie hhyuaihbectuRdtate exceeds the
J gah[éexﬁe‘?regexgs EJE a&%mﬁ\{ﬁael %@Lﬁ% wz;gh%%rd b QK {xformatton is Clﬁeserved in the

USt rat esent i nven
mqttrf’éol%&yalﬁ%ﬂteé 2payeli tftoﬁtﬁraws;blq:%%@tweeﬁ tp gbirase theyisigees Ve from the rule state
Wwithb@ @eifig ¥ Ebvblﬁﬁnntcﬂ zélet HS\Vﬁvﬁﬁsublf a Mehda0lo@0dul oM thIlkrdat a situation where

aspect esent i nventi on
I e{ a?er aFwas processe w1thoutS stgtﬁ]glmig %fme H?snﬂ

es to'rese When a lot is
mar k elhe fsthogpeang Eﬂ“@@%/d%%ﬁ?ﬂ Hepeip, arg ey ﬂqxépteean@fnatebeewsyd vidll eerious different

W&Q&&ul&ﬁtfﬁhéx&gplé Wlereant 1nVﬁ§on§1§Hy|b§ Eh@shel Stk 85:8%rd rulddl2bddBite rules and/or

tenépgra%ygrzt yétglglarg e(::sﬁ%a?l é\fqe e?%:ﬁ%et{o otgétéaér}eph{l‘/ggc%e&étor{% 8ree based upon the lot
qeiteHt ndtﬂmrvwhqaﬂngdﬁstﬁvfahﬂlm $or exarantle; isuvly rydes oo b has¢drupon a desire to sample a

RifdisetcentB @f\ﬁ&estsﬁ toglgmrddﬁgs Qe aSskeBithrd HR 9 BN Eniteofool Bpes, and it could
all rule hows the rule states after

R %&@msgmwﬁ e A ST e AN S arodh s goute, ot atrbut
Yalpes, prsr cdmbBinggioabisdchfiom ofipforodtiogy Swh apthidag rulé would inthéle a matching rule set
Al §§a§1§lu?;rv@1g9{ %ér@'f-ﬁ%r Jléo Be pﬁ’ée&‘ }or ablh@te fu'le'é ?otr aﬁé@c!l&é? sdxrﬁ)hﬁg] g g, every lot of a

%I rul e I'IOI' to esan‘p ecl si o

ST GBS T8 D 11 DHED S PTG POTCHE Pl B PR ey It of
ceitedn privgigtshuidoces e mbigired, afc.s Whilhiakch htdoltith enlds utla@ Bot hbVe&ampling weights of
tHe%J oM Sthefygﬁould%(e rﬁ%&'gorite%ﬁrlﬁtgﬁlle %ﬁtas ; e%l tl@e JA@E’&“ exsrgleptﬁ§ gpply to the lot could

reduced ects

bﬁ Apdated Enpg).prlartqh el\bscéutﬁrules my ke 115:0rpggat§d 1pt@§l@tsysfe51 bg@ps(g tl(efn@psurement of alot
dueto ad ﬁﬁ()lutd thilel v} als&]ﬁttsff}eﬁﬁlﬂdrdhglepAQQ&S&aneTMsoltitJ}&le f@Xdtate that every lot
tﬁ:’a@ ¥a¥1 Y)n £t91{£ SQf%?Ja% gle n'ﬁiqcmﬁ Oper?tIOH_ kﬁﬂ)i auld% maried t[% %trOIOﬁy at operation 5305.

e wel ar Si
e A WHIGE Plogspsed BOvelrimE effetod] (oTh a0 B pehne gefsapeistian (5230). Ifall

1ehiRasueh tHe@&ﬁﬁlfe inDGard i@&)retdr th@G6ihe MA kﬁdﬁ@ere Pt %ss%%le@h tool ET40 (Rule
ate V €S, excee

#9 gw1¥l bzra lijgﬁagrfss %ZV}(eouv é?sEllégl erB}éan Ialétgg)?te(} %%@ é?.te oﬁﬂé gch tool ET40 under
Rufyi #é Iﬁévmddhe)@wlutmlfs fisarcemoratediin@shewpdekegithéneRuéed wile appropriate.

i ndepg m%réﬁéeéf it 3¢l bemegﬁgle [oea?bﬂl buids 'tha@elré t@lﬁﬁorﬁy Bhak@MPll eldhple, it may be

nin uat e set of Ined rules to ensure

d§sér fi ﬁ&q‘faﬁ T PSS tdbt 24P pagriod AT AR eSS p P EFPP R Fitles may or may not
hpe & eanpdise tveight| asmpipkd edtblte riel eAs slansbet deaz diom thé abowadthe exemplary
1@nt1f§:5'tmh @Q&rioﬂgmfeb ﬁlatt Iﬁéyg&eefnpfé%dl{ﬁ& thesbfgsjgnt%%tﬁﬁ q{} @ eans exhaustive.
etfectlve y elimnates sanpl i ng rates ot

"1/ n" sanpling rates, e.g., 1/2, 1/3, 1/4, etc.

Moreover, the amount that a rul'e state exceeds the
trigger value represents the anount the sanpling was
"overdue." Such information is preserved in the

nmet hodol ogy descri bed above. Another possible

alternatlve |s to subtract the trlgger value frontthe

o .. 1. . - o
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types of rules. For exanple, the present invention may
be enpl oyed with standard rul es, absolute rul es and/or

wao eosporAsy rul es. Standard rules may be a rul ePEITES®041017619

metrol ogy sanpling decisions are based upon the | ot

@ﬁ@ttﬁ‘@(&es@iﬂq{n@ﬁnoﬁ ﬁtﬁﬁsh%t Qgccmél&'fegra)! hgngteci Jaean; 8&111cuﬁpgype of rule, unless such
sucn rul es nay ased upon a desire

g%ﬁggﬁaﬁeﬂe?%ﬁﬁﬁmﬁEWéﬁﬁmﬁﬁﬁdﬁﬂmbroceSS|ng tools or
pr odustcher Spech ofi the tppdaeha fitherttioh @cldted to1Gle firhing b the tsempllia® decision. In one
ﬁli{sﬂ@tﬁre eﬁ%nﬁeht &Q ldlec‘?s,ldnqg kétlg?m glgélok%gp pﬂﬁ%is Q)%lcgl dfaéeia?e% a? long as possible

to tem - equl p dent |
‘?fﬁttléest o FRRRETICH Y ApReRd BUbEOGal infeSnaten o R frams @ means that the

@kisisi ashto inhehar of ndt Afl@rshdld K ampRICRold B c&ﬁlﬁéﬂrtﬁitﬂrrhéhﬁbefore the lot would be

Wh ﬁtto tﬂa%;ﬁ'llétgo%gﬁagleratcrl? Rl%&.ély gtlhe% é%ett?ege? megb ofc’?n%%ilc#eﬁlug%nnatmn to determine

@b?mﬁﬁwﬁévﬁgymganpllng, e.g., every lot of a specific

p r O dupdlayifd e s%lﬂ@@e‘éﬁB@fﬂls 1@% Imail Als8 othd? Q8 N Rurrent sam ling systems, the lots
maPkQQRQQeratlon nust measur ed of &

cer arn opricor ey }he&ffedprﬂc&feédr “Hd PHERS lfrogcfg €P€t°£\79? { Plo@ stepper. This
Is@ttr,qdolagygmum that th¢ eplingyderigion lsanade Bethgiaing grdwethg hijeslots fare processed. For

Jxﬂlﬁlblg oﬁé’\’l’@)t oﬁt h)?¥ve%hf3ﬁ1 ik Q@ceés%@fog%r a? uiapttale; R ﬁ%ﬁ&rl@e@for metrology
u

Pl e Rl B JETRGR PR P At Ut G lgroced trovgh
themetrolrgy pradidred compagedtthte sigtimwedatsidg tHa@rocess operation. While a similar
ARSI RRfted Q)fms%re tlgﬁ orglt)ﬁt Jf Qvemelﬁlgé ‘B}oyésﬁd Ehgéug%%lcﬁfaﬁpqocess tool would

satlsf a standard rule, As an examnple
?ré’;r/ mgtfoé&gé sa(rrﬁ)‘lﬂ;g, @G é)lfge;repcatts tl@qﬁ 5tW°'Illg he O outrod ﬁ‘ﬁ@'fteﬂ lots as they. enter the

I&TﬂaﬁZy @feratidneinshend &fi ongowd pRevar iredMot( aﬁll%@)eft&ilimﬂcl)oéssiﬁg to0RITKEE be possible to
{
J‘t’ﬁﬂtatﬁ@ let glllgtﬁ%{rg%&ﬁcp&eera& t!)oq) gxhtée o%ser th{méeeproc%%sgdovguc}{ 1nttb rI}]natlon could be used

processe sone et
rERepstrshibe REgeEHing Efé‘?réﬁ Yegppd (nstbesgmpling fiecwon | ots mar ked
due tm hiaim lﬂS}@lhl\t? @nd étkeCofadc@ss| GOH ﬁlﬂ'éi‘matﬁdﬁ&‘& 8O ESEtelln 04 8, rules definitions,

%I\E%%{ v \ﬂﬁg %tc hor % 19&% vtw & ectia?algas (Etabeﬁe g}}%nlilld %ft\ﬁa 6{ terfaces to allow for

res U

%thtruwvépreﬂﬂ@at?é |upch§s p&tre (*)@Ponﬁlﬁ?eore‘tablpﬁ tndhﬁ syEqmQ Fanekemple, it may be
d_e)hﬂaﬁle ) 1ibddtef the ﬁh@g&? Vzﬁ‘tie, fort J}ﬁnﬁ&l&%ebﬂ)l@gyr dﬂ)':lﬁtldns Alternatlvel% an automated control
a nlg:cgt{ %aa € em lo 6(9 to ate amph a i ake sampling more or less

ppropriate ™ Aes e% 'tg e é%‘t“r“%‘tﬁ‘rg‘t& ping
lekp]fzil %ereﬁﬁ‘:@euqﬂﬁmf ﬂardetaltaeqﬁsp) mdatsymatqd imefaces eay Far. exanpl e,
| t anelae]eﬂt&ﬁ thE @QJ&% idtfhat B%'hb’vu%l flom! Qkénagés%? Sa?t@rﬁgto 'w@ [gﬁs and triggers is that
for, nmeasurenment orar

md1 1 saﬁﬁFrlo d b ten@

Ry B¢ PedBts Have e sHifp TRy e @tmg thpo gt ey Wicpexiting systems
qfﬂq@werlnﬂeéne Asigshmlleditlizebycd mtgrn birby mptloaitagd) @ ¢ e 70%. HEhese trigger values cannot
tﬁ)fﬁm?yl cﬁin)éed' @?&Héﬁ td cﬁr‘lﬁtge @e saﬂfphﬁg%é 24z oﬁet'laltlgns edct By RN rfSmust be updated.

present 1nvention s no neans
@%nﬁrétfé’t‘tpt’r%d SYFfER: 2 St“ﬁ‘é riseE y@vhcoplt beshenseo é%emhesaﬁlatngtsee As an example,
it sul’ldﬁrsanblmtriggmﬂsetcht 1@, etaygingar t i200varld ¢fEpevelp fredadtl i, sampling rate by
b ha@is Spuklé G/oxlklcmxlg %& Id So %t&nzﬁl)éari)lgr ea?ﬁ{txﬁlg%g vaiugg {)Jgedl & e{;v[tll?able metrology

ap ended cl ai ns. Another aspect
BitR pficre Beresempl: e of ﬂtﬁ%SFM meoes 5\915 Mewgaken out of production, the
td@,eﬂ iluestoulll Be Aifdnatidallyisdjus@d Foy GDQJEJM)IQ&%E)@:}? opetabiéhs @L&kuSd BA the remaining

tocfs»peer,topmoqetdtv%t g,tlec%s"p' ing is typically delayed as
as

65SI b use the sanpling rules may depend
on h ide @rSte@atf vieights rlrnﬂettlgaﬁhvahteh cqyldzadspibe abed tag p mempondnt ef prioritizing lots in

dRpARSuEdRAL THE Rio ALGE BLIRE rAS stﬁt@on\@ & gﬁﬁe 1215 ef]@atlue %r tlQatmetrology step can be
e
B PP R o et fea i Bt Salay)mé et 4 sy sampling

rwlFS ayexertiert this weyld bhiiteo ywerromarked feruidiiolbgse rithe first lot had a cumulative
welbhQJr TR AP obQatd Witk mrgger e of Yoo sl‘h%b&lla 1T h G cuRIRVY weight of 210 for
Del ayi ng the sanpling decision this long nmay raise

other issues. In current sanpli;ng systens, the lots

are marked for netrol ogy as they are processed on a

process tool, e.g., an etch tool or a stepper. This

nmet hodol ogy i nsures that the sanpl i ng decision is nade

in the sane order that the |lots are processed. For

exanple ~one Iot out of every ten Iots processed
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be marked for netrol ogy sanpling, the difference is
that it would be one out of every ten |ots as they

we@niosn119Be netrol ogy operation instead of one PCI/UST004/017619

every ten lots as they left the processing tool. It

Mer%n%ﬁ%'tr@g?r vhl@e HRoRL @i'lerrat% florl #d @10t i01.5 wﬂﬁeotﬁgég'o%g is 1.05. All other
LN the orde wer e ?rocesse

et %fﬂue‘nﬂl%%enk& shld Bg@&fnﬂl@hr@%%@ g dispafefy @ueue

pr oc eBigirayisarscematicalefi@ion sea iildudtilemamppluing@petedh 36 Gherein a plurality of
J&:eﬂ%oﬁtl@m@ exfnl)lg}?%h bbrlrel otr }{101% Qgrtrgﬁ)e‘?semoctne ?P&h@% %scﬁ@}%&caw depicted in Figure 1,

information f he system e.
N3y b@ Q@F tcv:ﬁpt[j)égne ogrpgre aspﬁ;ﬁy)f e V%FWC&FSPR@ derformas; uhthgprocess tools 12 and/or to

ihakaba g adaphie daplapase arﬁlhﬁldﬂ‘lodol&'g@éé Qesciite® h&raf.eR shdRlde li@Wrstood that the

Jrc?cress gclr?%ﬁgrgepg?eq\li}la %u?e 1 39 1] ﬂtrgﬁv%(iin %&geaz}s Z¥ r% g rg}?{psrcnt any. t{pe of tool capable of

Fﬁ’ﬁ?‘mﬁ’é HEEP? aﬁdpaéu%ur@s GE’P‘@S t ﬂécouursr dlegenrocgsaltapds 12gmay gach perform different

tp;&lﬁ bff rﬁdﬂhi@d‘turﬁﬁ@%ﬁeﬁdn&@y WRWeﬁWokareceﬂnﬁ}eﬁe%cbsyﬁltMougﬁ the tools 12 in any order,
Ont r 0

an%lI a ° L& e sa?'rB ?s§ ﬂgera? gﬂsnga)[ &uv i ple%qréeq glcﬁéck%rocessmg operations
H?Ef?m‘le‘il mgptireptoels @2 Ineth@scqntektellfyemlébh@*wEXm@tmfasmlnngodperat@nofthe generic process
tta‘]h:ﬁ‘l 2%@9 @@@&ﬁﬁ)ﬁﬁtroﬁ ijsteﬁﬁe?’ QQI‘S Q¥c§ g)ofs %Qltr@rctgrlﬁsn mﬁ&p\é@n{ tYols, furnaces, etc.

e nov

per c C&B‘?”%P F E&rﬁl é%é “faélty\ﬁé FHQWP%"eéIWHOIPgryl tij’&e‘rﬁs Thegmetrology tools 16 are
refesentatipel infngiuregn gantpdyi ragesea ta@sty padt nipgologyneol Getable ofgesfodming any type of
r@&ol&&dﬁsdeﬁg Tﬁé‘iﬁ‘en{)foé}gtgﬁ{ l@’rﬂéy%@ Hsed %ba%iulrg ﬁ]gt?(hrgg %otz %%I‘rcﬁﬂ%any aspect of the

ectlvey elneatrl ger val ue
V8P°“59f°aesiﬁfé%r°€%fﬁ‘t°a§;@ff°@e@ by Sy gygnory e Prloi‘erg‘Q‘ésr 12, g tpgigire metrology dat
re@niingta jyeducte@dbdiuye ﬁrhamgiebi/ tht foBriderintie ohaage s&nh&)nductor manufacturing
o%@%h‘ré ﬁrgn{eérglggy%lsqgl uﬁe[d té)%n:g uife &t alI cﬂQel g’lclmd(i'all% thl.ckneis data, particle defect

must. be upda pose

iRy ﬁﬁgwawwfal@ia% ullafa H@toa%%ﬁ@@d oredamljeqa@rﬁmqnﬁe d@awm filmy properties (e.g.,
resitieity, s@xﬁss,&fptrﬁ}qﬂbﬁa}tres), siuffact prefile ﬂ’d’czf emd regaediy| tlheﬂﬂ'edtrﬁ/én% @f a stepper exposure
plrc§: dsg %é et %mg’lgrgwsscg%g (?l epré)cess ac Ia fmecganec%l];pgoﬁ%lg lPr(}éess an ion implant
péfzsfzﬁs @ B 2pheH @rqcrfs i“éffﬁﬁ’(el @@mrlgﬁ @d}l@smenp}ogsg tocls 1¢ fpruss in semiconductor

pasedirag opiaioha blddyBht &t Q@Y limadaafd] kdahning! Slectol Aidd2bdpes, ellipsometers,
CD- SEM wetrology tools were

]¥8%mwé%n¥m6?mb¥%ﬁsovﬁ@’Og%ﬁe trigger val ues could be
aut onatonEelet i reed puerertivelyspupCii SEMomE o] tod YO TP énme boams type of device

cﬁ}ﬁbl@ RS Yicbutih g ﬂistrdc{&s I @TRd3l eﬂﬂo&uﬁéﬁtss thRE ol 3 QG ok g%e'gprocessor or a

com uaeé ;\&Pléegcﬁima)ﬁ § 812%5 ﬁéitate Q‘?Stl?earorb gt;tgqll l{.:ll 0n gtf rglell‘yl b% %estand-alone device, or it
npib’ |be it szanrvgertllbtosmutpr solstenp tiktcik adppted) @scontiioh ener @atmioge Bpects PEthe operations
pIFIRESH ah UhtEaraddddiBuid rgz[nuﬁct{lrgrtg f&c(ﬁlt)t hey,d {oth&l%f ISVQ%?N& Jrrﬁ)'ioyed to perform

t he troI F can be used as_an indicatio
B R lef fer T ABCHOBRCBOmEH BRSPRTOiFS SaYpeTgmed by mulipl
cogputimegadés. t 0 sati sfy sanpling rules. An exanpl e of

this Iiﬁﬁlgrlrs%f 91@ mlvgnt BMd c&}eﬁagi[ml‘ﬂ %etg?e!a lﬁgsgri;fti?}r ngx%{eﬁ)t!e(fl 9 ¥e‘rms of software, or

The first |ot a cunu
atgfrdiat ?lzﬁinsywalﬁ raprfSFrrtﬁlg@r ol oG fon 98 BT Ser ompuiep memory. | These
dblsaﬂ)tﬁns@umbrﬁieht‘dtﬁ)ny\ﬁé @b bne® by Qﬁ;@h ﬂl&é aﬂorﬂlﬂe@i ﬁdill ﬁlﬂleVM'tteffecﬂvely convey the
ﬁﬂ’sﬂg&g Gf tF lgtogeh(e:%g rdrr-rl;rr]ye kg@t xlﬁr 0&% eh%)rlth1 ssf{re ter61 é? W&d here, and as it is
u@& lgg}erallx, ppecopqewgqto b2 seg}q@@js@nt [gglugch/@‘ﬁtepﬁ lgaﬁ@g togr degjrefl tegult. The steps are
tHoke réd'iﬁmg lpﬁﬁﬂil (ﬁﬁmﬁmﬁﬂdﬁ of E}lyglbbﬁ @ua&tl‘de§ @suﬁﬁlhﬁg@ﬁ hét necessarrly, these quantities
a% thai%é)f. L e o%;ucz?li uchérllcaI[S §91t %}}algr%t? I’an H‘é mg rsgred transferred combined,
cemitedypad Oth(mée wenipwited. Hdng }PTQMeh emweniedt at oma, pfinciphilycthr fe®ons of common
uSeed) QI Y8k 6 Bhkde Yig BRL ik e};luésnelé%ﬁegt%' f fml;]ois RYche teHﬁsegm‘Iers or the like.
control one or nore aspects of the various processes

performed in the process toolsgl2 and/or to inplenment

the adaptive sanpling plan and net hodol ogi es descri bed

herein. It should be understood that the process tools

12 depicted in Figure 1 are illustrative in nature as

they may represent any type of tool capable of

perfornrng ‘any type of nanufacturlng process.. O

o N s A o
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tools 12 may be a conbinati on of stepper tools, etch
tools, deposition tools, ion inplant tools, furnaces,

WE@L®s5/0/M98D depicted in Figure 1 are a pluralitRCDS2004/017619

illustrative nmetrology tools 16. The netrol ogy tooI S

16 ar 13 sﬁoﬁlﬁ%@%&ﬁg iﬂtrﬂnYdehvaév ahdibie tﬁ‘esé ?\%tsmhl S¥rms eamociated with the
net r ol cap a ornrn

W’ﬁ%ﬂ Phhsetﬂlroarreav ﬂbcg %seeerely coppg eAEes |ae>¢}9d tp %regu%tlmynless specifically

Pgedugistivite) oR@E i Eppariit ffonl g )isd@bion, t@BRIsGHhNG "BRoVessed & t"computing” or

lecﬁgﬁﬁg"vcgr"he(?%ﬁmpl% Ogre"%i%f)l{g%glo RE fog ]!ké) Q&‘%rgg rt}];e(:)arc 1onean9 )f)rocessees of a computer

or nore ocess
HEEOF egslarcf&etgpnwégmwg@evee pslrab@mulatﬁr alrdetaemirr@s grtortoressared as physical,

Qttrériequbn®igibsSwith. thd d’cbmblh& s%@bﬂi‘s&é@iste@; an8 S &RA QlH)CJﬂQF data 51m11arly represented

%g)gg;fm?l g&ugn(r;tftqigsgwle crt £ chpa}EéIL ?imr@r‘@ nI%el’n(?ﬂesc%?%mefshﬁr b %‘éh information storage,
pasissiop ar displey devitesf ect data, el ectrical performance

dat a, APRdnMlayt RIGHAREYexosBY! M ﬁ%@%u E(ﬁtﬂanﬁaﬁmeggn?pgﬁbﬂﬁ Gor use in the
ress |

roperti
’B%%%@Hg Sgyem g"uts f(aﬁégvaﬁf%ﬁ’frcess &8’&“&’¥ %"actS Aramapsh GRS gy be implemented
wing detGatabstestenodiiceed b &ppeten@x fios Ulhe Cpalge es8maes Se@iabrdgetor Equipment
B ALL5s ferRERASEEIY ToRbREG SR Seratdt MRGRLGEA: ERBRAMSB i compliant system

C?lB shi ng process, an 1 on_I nmpl ant ]rS)r OCESS or an anne

BiPriears 4 14 BET 36 (Arbnesapprees CorroL (R Agtietpriog b AT B31-0699 -
E't@wsﬁcmnl Slpsmﬁoatmn Se rdldinohee/bi DonRin Ufratﬁléd:urd) g APR(SEMI BPS0999 - Provisional
$p@&ﬁdzl§(ﬁ‘1 fmmﬁ/l f@e{‘n?ewg&tAdL'AngédtP?&ests % 11 P@rmiyoﬁ]egt) ?}:_}eg & Ea’tlgns are tpubhcly available

m Croscopes, 11%SOFTE‘I ers, meters, our -
Ep YR whichei lfeé‘iﬂu w51l & Mogpiain NWeGht r oI |l er may be

oper athe\pedsant m@&mtidnﬁﬁ gt@rall @irdctd tol ViR Mlethb@Qind 8R&mk for MBYtive metrology
Qﬁgﬂ%ﬂaﬁl%’ %ﬁts %g \é ﬁlgye(c‘iq mdpnﬁorowtarlc?u)ésﬁ élutlgcg\%%l% 8rqcesses 18In one illustrative
deﬁ@lt éhw@hqgmo@e@gssgeau@g a alu@btmﬂﬁp@trologyﬁ@n@@g]wlw pseigning each of the

hidigloPesafplfis Ga&ita s&ﬁbl&@@elg@ ﬂalhd’rﬁhﬂlﬁﬁngtaﬁﬁést (JnQ ,woi'kble&&Nat Qﬁsﬁes at least one
o? Ct)l?'e glogy oapnl%lmdr%eryﬁs aésoc1at1n {'he sanY IIP%WE ahrjt tv?lgef fo(s ﬁaé:g 8? thﬁﬁ?t’éﬁed metrology

terss dapted
Sa@ﬂt?é fudes gith thi idensified mrkmwes ﬂpﬁe satisfy the dhldsrandindicatingegmettodgy operation should

KélpElfdﬂrhéd \iﬁ&ﬂélrfuﬂﬁfaﬂ\re'ttﬁﬂ of B&dakbling wel-gh]t@alﬁ&n; 4t Rhst %al 1(83 ¥stablished trigger
ﬁeeppano ed erform v$r| ous . nctions descri

Rir PR SR b b, 4R ief P i g TEOIER GPPEom g b pertormed
Wen pe'mfut)irlmstetalw thpsentpliny veeighbyapigs fongpe pEBOUEHOBGY saPplifgiraesSis at least equal
ok pretb@taﬁl@ﬁé@ Rk Q@) dInC}@{ Jn@tﬁ@ceﬂlgecﬂgeng %Qﬁe'th%&j comprlses indicating a metrology

descri n serited | n terns of software, or

BrYEP RHB: el L s oL s Eae B bles BF ekt the workpices
ipf ladsttequabiotagrapstablisied ariggomgalut. eIn tivsmmiest of sEhseluctor processing operations, the
vﬂﬁ&%és@ﬁe'l&msé&ﬁ&n&uﬁn@{ &3fRtations are the ones by which

those_of ordinary. Skill I'n the art effectivel y convey

the sUBSTHTEE epfodingas Aisiipspdcabpys 45t Pasirative onkyy agitheaipypntion may be modified
a8 prhdticédrin tifferetibhit. eqhivalat gmbrs ByFhre@ 3o thbve skilydid ihe aﬂtlﬁzﬁﬁg the benefit of the
t&@l{u?gis fh%ﬁ Ay %)Ia #)l% gl%cegse Et%)fs %Ltl fXx’th a S0 C%ch eI %/e%((j)rmeg in a different order.

consi st en ence
Fyglerposgy np dgifations %@feecteé fsthgy fl‘?éaﬂﬁ néeoestwet@a jor iiqqlgn pér§in soarh, other than as

deRfibep i 1B d:lﬁﬁiSbéDcfw Flhh! Hiefefre &ldl@rﬁttﬂaf mé?ﬁamchﬁﬂjeﬁ{bbd{meﬂtsh@slégﬁd above may be

ager%d Qrec §dt ts %r ra}l ng evsarelat%rr;rsaa Pnsglerg évktgtp §{] c%?ﬁ%?b‘t“g SB]li‘lt of the invention.
/b"eqrrh@gbs fhe P@Ectwtl puely herpin isds Sebfet&bm thediazims betpar ed, and
ot herwi se mani pul ated. It has proven convenient at
times, principally for reasons of commobn usage, to
refer to these signals as bits, values, elenents,
synbol s, characters, terms, nunbers, or the like.It
shoul d be bone in mnd, however, that all of these and
simlar ternms are to be associated with the
appropriate physical quantitieg and are nerely
conveni ent |abels applied to these quantities. Unless
specifically stated otherwise, or as is apparent from
the di scussion, terms such as "processing" or
"conputing” or "calculating"” or "determ ning" or
dlsplaylng or the I|ke refer to the actlon and

e o . e
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transm ssion or display devices. An exenplary
i nformati on exchange and process control framework

W@ iosabioel f or use in the manufacturing syst em BOI/US20841017619

Advanced Process Control (APC) framework, such as nay
be i npl emented using the Catqhxﬁ&[systen1offered by
KLA- Tencor, Inc, The Catal yst system uses

Semi ¢ nduc%&?t%h&PHW§ﬁ% and Materials Internationa

( SEM drea@agyaiirgity dfnteegseq sadplibdrnld; act uri ng (CI'M

Frame , Dgies and. i s..hased.

{he Avanecq B saaeiat B EVMRR AR &R Al SR

( SEM 'dgptifying@blgast onyvpicpoothasatisfies @t fepst ane o§said olprality of metrology sampling
Framewor k iesrai n chhltecture) and APC (SEM E93-0999

pr o o b i SRR UGEL A ety PO Bt 8 ARG e with s
avai | abl e @W@ﬁﬂSEWPw“%ﬁ@éﬁwﬁ§mﬁe@ﬁqm@rtered in

Mount iadichtidg étrolody opIrBtﬁ)n RERARIBE erfolhYe@ WhérPd buinSlatile BEN 8 shiY sampling weight
directed to. var stens for adaptive

net r ol ogy ‘?glﬁsﬁ ?t(ri:eﬁ& 5?“516? ?rﬁgsfa%ﬂ%flytﬂ%ge’é YPfoyed to
noni tor various nmanufacturing processes. In one
| 'l USi ratime e di aBAtL, whiten gﬁ& Pleqht? ngtlro?c%§ sé}ﬁp%ﬁg L9 have different
mm urqlutéuof metrol ogy sanpiing ru assi gni ng
e SPeR N SSet r ol ogy sanmpling rules a sanpling melght
value identifying at | east one workpi ece that

sati sfies gk nl8gSbe c@a‘ﬂ@ 1 qzhel:em%t B E 09 YaiP IR t#f Qigmetmbﬁy sampling rules

rul assoclatlng e sanpling wel ght va
l@?”ﬁﬁ%m%ﬁPﬁgﬁﬁﬁﬁtﬁ@??ology sanpling rul es Mﬁth t he

identified morkpleces t hat satlsfy the rules and

i ndi cat ' ngl“h@m@ﬁ&{ (ﬁ’ lgiglyl \pre er fd% 1s aglot o? c{%ct wafers

when a cunulative totaf e sanpling me al'6es

is at least equal to a pre establlshed trlgger value.

| n arsot herThe mzadi e Rhim }11 hehegeai Mﬂnﬁm&i@a\%ﬁh NIbCRYst BEE of a critical
FndBLL 0 t oul en a

curru% at %ave %%%{O% F&% (ﬁe RPNy \%E%y %?ranoonﬂ ues for one

of the nmetrology sanpling rules is at |east equal to a

pr e- est ablThs hedod dticBREY, wiabihl Sid dt Rad 6itc \ﬂﬂ@teb@ig processed in a semiconductor

gg@g the met hod conprises indicating a
qhﬂgﬂ&g eration should be perfornmed when a

cunulatlve total of the sanpling weight values for one

of the workpinRees of Slalﬁ‘atl |v@fé§1§n iﬁ@l% E%eﬁolggy opera’%lon should be performed
e cont ext

BNt mrtee S8FHgY FoiF 1e PRSI e wepRHse e of said sampiig
rgbt \{ah;pssfonﬂne s@md@lmdty@f mettplogia fagipling rilaeis prel¢abti equal @ra pre-established trigger

veipbodi nents di scl osed above are illustrative only, as

the invention may be nodified and practiced in

di fferent but equival ent manners apparent to those

ski | [8ed i rTh¢ Inethad bf Haimi Novhklam ibdicaddd & n&frolbéﬂreopélﬁtﬁﬁmhﬁﬂkﬁ be performed

caﬁﬁrﬁésrlndléz &, oafﬁéea{malgﬁ o%rla J(t}gx} elf(‘dg %g‘ %er gr‘r? Sﬁvh'%xgta tchulatlve %pa? oF said sampling

"Fig?’/ﬁ Vel f%ﬁ%@ Ardd Vorkrisqerdirt tewst poMe t%?enrwsraéhsb#d trigger value,

construction or design hereln shown, other than as

descryi bed t heref ore evi dent

that “t he Tﬁé??gdg‘ﬁl °§%‘9“é‘%‘”ﬁ) i dé’i“aﬁh‘s?’cﬂf&s?%‘ac’%%?}’@“%g S 5} based upon at

legtt prerof fgt Q?Pteﬁﬁﬁ?fmﬁt@d angriet ha!ory nsfmnomar iations are

considered within the scope and spirit of the

o adbsar TROPRR S BBl St s B T FEiplve ol of said samplin

wRighthbidthe vaieyof add trigger e athemiberais ph indightion yhaokid metrelady@@atation should be

p&RARddl ng rul es; assigning each of said plurality of

net rol ogy sanpling rules a sanpling weight val ue;

identifying at |east one workpjece that satisfies at

| east one of said plurality of nmetrol ogy sanpling

rul es; associating said sanpling wei ght value for each

of said satisfied netrology sanpling rules with said




i dentified workpieces that satisfy said rules; and

i ndicating a netrol ogy operation should be perforned
wob@s/owsunul ati ve total of said sanpling wei gheT/US100€617619

is at |least equal to a pre-established trigger val ue.

2. Ther. et hiedndafod 6F ahim 11 Sk isﬁékéduo‘ﬂig%giﬁlc{n%l%eggg total of said sampling

e A M A el A ——
nefepdogy engraionghougidie derfoimagdal i ty of netrol ogy sanpling
rul es have the same sanpling weight value. 4. The
nethog%of claim, wherein said workpiece is a |ot of
sem cthductiertyhieisiamm 1 surtheremprising praforgringspig indicated metrology operation.
wherein said netrology operation is at |east one of a
critical dinmension neasuring operation and a defect

i nspection netrol ogy operation. 6. The nmethod of claim
1, wherein said at | east one workpiece is processed in
a sem conductor manufacturing facility. 7. The nethod
of claim1, wherein indicating a nmetrol ogy operation
shoul d be perfornmed conprises indicating a netrol ogy
operation should be performed when a cunul ative total
of said sanpling weight values for one of said
plurality of nmetrology sanpling rules is at |east

equal to a pre-established trigger value. 8. The

nmet hod of claim 1, wherein indicating a netrol ogy
operation should be performed conprises indicating a
nmet rol ogy operation should be perforned when a

cunul ative total of said sanpling weight values for
one of said workpieces is at |east equal to a
pre-established trigger value. 9. The nethod of claim
4, wherein said plurality of metrol ogy sanpling rul es
are based upon at | east one of |ot context information
and lot history information. 10. The method of claim
1, further conprising reducing said cunul ative total

of said sanpling weights by the value of said trigger
val ue when there is an indication that said netrol ogy
operation should be performed.11. The nethod of claim
1, further conprising reducing said cunmul ative total

of said sanpling weights by the value of said trigger
value to a m ni numval ue of zero when there is an

i ndication that said nmetrol ogy operation should be
performed. 12. The nmethod of claim1, further
conprising performng said indicated netrol ogy

oper ati on.
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