METHOD AND SYSTEM FOR DYNAM CALLY CONTROLLI NG METROLOGY WORK | N PROGRESS
TECHNI CAL FI ELD This invention relates generally to an industrial process,
and, nor ewpanta/@ud4arly, to various methods and systens fPam/usgevanenal |y
controlling netrol ogy work in progress. BACKGROUND ART After a conplete
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pr sent invention IS not to be considered limted to use only within the
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sem conductor industry to increase the quality, reliability and throughput
of integrated circuit devices, e. StRpLggessors, nenory devices, and
the like. This drive is fueled ngACK(Eﬁ %ndsfor her qualit
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the cost of tegrat ed circuit devices incorporating such transistors.
General | mgdn‘g‘ & of processing steps is performed on a lot of wafers using
a variety of process tools, including photolithography steppers, etch

tqgl's, deposi i, tQglia: B9k kRh R LARhSucNERIB! to %ags@lm@ﬁlgw%llamgl d
i mpl antation tools, etc, The technologies underlying sem.conductor process
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resul ti ngelhd’by&uhﬁﬁlalﬂémzaﬁs fhetfighaenming emphiesendefectrode sipiideethbthogeratelman qaslymde i n
this ar el%bre Tell Olf"hesteq mled ?GSI%SLIEtQ(p]Ll% cgrﬂﬁﬁal 91{ ‘?ov%rﬁ%elryan&gémg rﬂih(ln){ucto
avai |l abl e su certain I Cl encl es zf Ir
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processi 1Y P e processin and
renot e, frangstors.] ocal site and worl dw de, m)nl torl ng. These deficiencies can
engender non-opti rral control of critical processing paraneters, such as

t hroughput, a cur ability and r ab| | i raocessin eratures,
oGhani cal |t oUPPOY APPSR P PITRES oFY < SFRRHR ¢ SRAA FRUTCOTE sel |
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performance, whereas an ideal nonitoring and di agnostics systemfor such
t 00l s WORHERIOB PYRY 18 dastooe Yk HRa™s Ui oy b aﬁtgjﬂ feﬂ?egle%rf#%mﬁ degpite the adyageps made

in this area, many of the process tools that are currently commercially available suffer certain deficiencies. In

particular, some of such tools often lack advanced process data monitoring capabilities, such as the ability to
30 provide historical parametric data in a user-friendly format, as well as event logging, real-time graphical display
of both current processing parameters and the processing parameters of the entire mm, and remote, i.e., local site
and worldwide, monitoring. These deficiencies can engender non-optimal control of critical processing
parameters, such as throughput, accuracy, stability and repeatability, processing temperatures, mechanical tool
parameters, and the like. This variability manifests itself as within-run disparities, run-to-run disparities and
35 tool-to-tool disparities that can propagate into deviations in product quality and performance, whereas an ideal
monitoring and diagnostics system for such tools would provide a means of monitoring this variability, as well

as providing means for optimizing control of critical parameters.

One technique for improving the operation of a semiconductor processing line includes using a factory

40 wide control system to automatically control the operation of the various process tools. The manufacturing
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as providing neans for optim zing control of critical paraneters. One
techni que for inproving the operation of a sem conductor processing |ine
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operation of the various process tools. The manufacturingtools comrunicate
with a manufacturing franework or a network of processing nodul es. Each
manuf actyyid BehmtuAQte Wil GRAGERIhY FERRRBACK @ detiverk aNpreguinp Mbaflesi Bicmfacemrilie

equi pnent interface is connected to machi ne. i nterface.t il itates
communi ¢ PSosraerly RETHeG Rén r?&%’fegtcltnﬁ%?cﬁ‘g Clltg’% SRR T lga%?rg' ncu%tg%t%ﬁi anﬁdgC%g

f r ameworikerfadh Ganfadiititesesommiuerafiens detwarn themenugttgngheol ged the grnulisugpg ieagrk.
process gont 6@l ;ARG caf Y& &I be-gaﬁ of\ﬁlgdsa\ﬁgetd%mcésﬁ] tdnkr QL BBC)Ry GO0 T THRIAPEGK 4t
based upon a manufacturing nodel " whi ch fﬁar}léﬂge*&a? software programthap

aut onat i EEtsy cpnsiol sorR; Based yrer Ay la g MY ovisD &3 BF & SRS RIPEAR I UG PP ot esss.
O ten, seAbveoORedes Bidede\ckensa anefstusgaoodkdr Ofghsemicotdugbraleyies erf ateged thrqugh

tool's f Onrlultrir&lel rtngmtl)l%ac nr (():o?ssf%p 1% ti@g ?I%Eé’geg rggne ?daqaelleﬁﬁrigng tﬂe.chuglnyeoiqﬂéiinio&e%e@f
S f gle I ces. ng

t he processed sem corfduct or DUT | he fabrication process various
event s reegicondhatordévicee t hat affect the perfornmance of the devices being
fabricated. That is, variations in the fabrication process steps nmay result
in variations_of the features that conpri } i.ce
pEQf ormance vaFi&t gaﬁgc.amﬁé’(r:qtc%s? Lo TR A e aggélgcr%éhqga\rf{e%?ng gﬁfogﬁ%%en(g?g%g‘?ﬁeg
dopi ng |teing fbricadnTimtis, vedstipustimthe Ebriqaontrireskse sters xR FBitiong plcthe feagyres thag,,

pot ent i alhyri@fdekhicd fewdng aRedelpRidFRREE vafaidhe FERYY, 6Rh aV/Rbtin6USHidaDdikEnsiofs, t he
processing line are controll ed in accardanc

[ w th perf nce t
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processi g tanfderogiien ©olf ¢ Frearesehy HY MFPIEEEE BRTYSY | BRSS SEREY R TR
per f or magaeo1en A& theattidls. t dy@rari! e apeqgpametal,oneieds iporestig dEd enptlculaed Ry iceveespost
processi (%gtr(;‘llgssl'tlageﬁ nggrsltgeg lpegﬁgna & BodePLdlhe \{x?elnbﬁ?%yaﬁfoﬂ%% B GueniFe BbUShBEE post-

variation inthrs ads to I ncreased throughput, reduced cost,

hi gher desedeesing peslisor plassdea taggetcvalue ag posgifle. \rdpgnedaplpTn it HARRdFags Q dupreased
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actions changing thé operating recipe settings for a process tool being
cont r ol | ©dcibers g Besst FidehfmeRo¥r f eedf orward nmetrol ogy data col | ect ed
related to the processing by the process tool. To function effectively, a
control nodel .nus QVvi.de i - I Dind ik bhhiYe ABHEKnaNnd
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in a timely manner and at a quantity sufficient to maintain its ability to predict the future operation of the

process tool it controls.

35 Within many manufacturing industries great effort is made to insure that processing operations are
performed accurately such that the resulting device meets target specifications. This is particularly true within
the semiconductor manufacturing industry wherein many metrology tools and sensors are used to acquire a vast
amount of metrology data to determine the effectiveness and accuracy of the processing operations performed in
a process tool and/or the compliance of the resulting workpiece with product specifications. To that end, a

40 typical semiconductor manufacturing facility may devote a great deal of resources to obtaining such metrology
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performed accurately such that the resulting device neets target
specifications. This is particularly true within the sem conductor

manuf act worgod/mdisst ry wherei n nmany netrol ogy tool s andPse&rzsesis/oaziel used to
acquire a vast anount of netrology data to determ ne the effectiveness and
accuracy of the processing operations perfornmed in a process tool and/or
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accunul at e |n®9§ %gg t%ueuels until the out-of-service netrol ogy tool
i s returfiegsi )e?“v‘ieﬁgem {PAE™ ne, all four of the available netrol ogy
tools woul d operate at higher than normal utilization rates until the

wor k- i nprogr €5&p i WLED cfROHE W&)n@él@neﬁ@ldgic@graﬁ&s n@frm prommmm c&UQdGmﬁfle&eOfo’E sto
control netrolo cunul at

gy Oper at I On? P{Fp O ﬁ( 0 ueues or Val'lOllS me O %
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qasues f @eravas bamax‘ceermwa@dﬂa@ycapw eftthegmegologriodx e‘\e\@detﬁz ﬁ@ct@vﬁmyz!?braéen@aﬁé@? ty
of the gt {:nglo(@o%)/ WIOQ(QJ’I g ogrés \éfaﬁlétﬁ)ﬁo\éy Qlieu@-cltdr @ﬂﬁlpﬁwengﬁag} ﬁk‘@lﬁhgtrﬁesrr@@lﬂ)g edhdae

et rol ogy wor ress or metrol ogy

Sl i g uemAdy T ey o e BAEHEY S e s EPHESBE SRR T
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process opera or ne e manufacturing facili a_resul &
pPBbl ensaswouliofher e bﬁéﬂﬁ‘t?ﬂaéﬁ‘iﬁ?diﬂﬁg profuptiop yigldpepgd W?B‘tfa"ﬁlﬁmféj%ff‘éfif‘f‘éﬁméé’e GAreEk| v
as woul dufeRehwins@odd redesighedoloAcaar dbngky., production yiel ds and

manuf acturing efficiencies my be reduced using such a nethod of reducing

metrol ogy work in progress.
The present invention is directed to overcoming, or at least reducing the effects of, one or more of the

problems set forth above.

35
DISCLOSURE OF THE INVENTION
The present invention is generally directed to various methods and systems for dynamically controlling
metrology work in progress. In one illustrative embodiment, the method comprises providing a metrology
control unit that is adapted to control metrology work flow to at least one metrology tool, identifying a plurality
40 of wafer lots that are in a metrology queue wherein the wafer lots are intended to be processed in at least one
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The present invention is directed to overcom ng, or at |east reducing the
effects of, one or nore of the problens set forth above. DI SCLOSURE OF THE
| NVENTI ONvOleogauesient i nvention is generally directed tecraseads2imet hods
and systens for dynamcally controlling nmetrology work in progress. In one
illustrative enbodi nent, the nethod conprises providing a netrol ogy control
unit t ha'&nefrcﬁog@d&ﬂ)taﬁﬂj whé&eif (ﬂ:[étrﬁdﬁbloﬁﬁidhﬁil Q@Y saofs lat fehsdvhd & it wif@ast fod ARtrology
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| east 0N@eQfiediife Wetfo®lzytoot s for nmetrol ogy processing in the at |east one
nmet_r ol ogy tool and sel ects at | east one other of the plurality of wafer
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processi ng of It hethsellecitze capodineats the oadodrvaimprisel proviling & lretrddégy [cerdrst ungrilmt is
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prOV|d|ng metro control unit hat Is a te to control matro 09%7
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unit: (a eas e wafe ogy rocessi ng
in the atb)sdwstat leaseonprether of Tb@@}urﬁlﬁl‘)?f waeploty S@@C@é@é@ PEces é@?ﬁlowwmmmb@uﬂﬁg

subj ect edeidcRd at 1&5@\& RAE 1& rtd)&e&ﬁov&p@dnadlé BtiologNGlie(dVased @pRGheSncRblogy@ RS tssiOf 6f

ot her of th; F urla t|t 1t tg tl ots SUQJIO g to the process operation at
atime pfi§ Cegatt?féog el %rtoe F1ESY "She®af’er 1ot to be removed fromthe
met r ol ogy queue based upon the met rol ogy processing of the selected at

| egst one wafer |ot in theggrpgaskranen®irgt pAXWIREGs. BRI EF DESCRI PTI ON
OF THE DRAWNGS The invention may be understood by reference to the

foll owi ng description taken cti S,
i n which L kecfﬁi%@é%%%ayﬁ’ eogd ?deéﬁ’tei“’fe% h%@"‘é‘f’%%éﬁip&nq%nd i n‘%W}%{lonhWIElg
Fi gur e 1 thesccamganpipg drfiviegd, 1blwtvdkhld|rdgmmumerah idretify il ctemeiin gnddy wlitidhim i n

accordance with one illustrative enbodi nent of the present invention;
Figure 2 is a _sinplified block diagramof a nore detalle depi.cti of a
system in accor@irde? frpificdRecl firerdt ¥ arpape b ivent a°6‘fr PreVr8e gﬂf“a“"e

i Ment i ormbalitkntdf gid pesedt inentdnsi npl i fied fl ow di agram of a nethod of
controlling netrol ogy operations in accordance with one illustrative
enbodi rent of the present invention. Wile the invention is susceptible to
various nodi f iFigateizorasimpifedled ditaerp ok 1or faiileddraictioniot? WE i RO fe Piof
have beenmnst@wendydivnay ofafe peosaiplbatdanine dr awi ngs and are herein descri bed
in detail. It should be understood, however, that the description herein of
speci fic enbodiments is not intended to limt the invention to the

pa#X i cul ar f orfiesrediis e bioglfitd v diagam phemetbadt of aenjrollindyeetiolpgie PRera8eS insaceeiagtsy er

al | nodi 16 3id iBRBativeSito¥iakR bt Be pr@Bl inddnti@f Nat i ves falling within the spirit
and scope of the invention as defined by the appended cl ai ns.
While the invention is susceptible to varions modifications and alternative forms, specific
embodiments thereof have been shown by way of example in the drawings and are herein described in detail. It
30 should be understood, however, that the description herein of specific embodiments is not intended to limit the
invention to the particular forms disclosed, but on the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as defined by the appended

claims.

35 MODE(S) FOR CARRYING OUT THE INVENTION

Illustrative embodiments of the invention are described below. In the interest of clarity, not all features

of an actual implementation are described in this specification. It will of course be appreciated that in the
development of any such actual embodiment, numerous implementation-specific decisions must be made to
achieve the developers’ specific goals, such as compliance with system-related and business-related constraints,

40 which will vary from one implementation to another. Moreover, it will be appreciated that such a development
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MODEf S) FOR CARRYI NG OQUT THE I NVENTION Il lustrative enbodi nents of the

i nvention are described below. In the interest of clarity, not all features
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include metrology tools, photolithography steppers, etch tools, deposition tools, polishing tools, rapid thermal

anneal tools, implantation tools, etc. The tools 30-80 are illustrated in a rank and file grouping for illustrative
35 purposes only. In an actual manufacturing facility, the tools 30-80 may be arranged in any physical order or
grouping. Additionally, the connections between the tools in a particular grouping are meant to represent

connections to the network 20, rather than interconnections between the tools 30-80.

A manufacturing execution system (MES) server or controller 90 directs high level operation of the
40 manufacturing system 10. The MES server 90 may monitor the status of the various entities in the
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35 developed empirically using commonly known linear or non-linear techniques. The conirol models may be
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projection to latent structures (PLS) model. The specific implementation of the control models may vary
depending on the modeling techniques selected and the process being controlled. The selection and develop-

40 ment of the particular control models would be within the ability of one of ordinary skill in the art, and
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different process operations may be performed on the wafers within the lots 23, e.g., a deposition process, an
etch process, an anneal process, a chemical mechanical polishing process, an ion implant or diffusion process, a

35 photolithography process, etc.

The metrology system 50 may be employed to monitor and control work in progress, ie., the
metrology queue, for the metrology tools 14. In some cases, the metrology tools 14 perform generally the same
type of metrology operation, e.g., measuring the thickness of a layer, measuring the critical dimension of a

40 feature, etc. However, the metrology tools 14 are not necessarily completely interchangeable for all metrology
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dlfferent times and/or on different process tools, 61}3%1 1d i ff {.ﬁcg
tool's. Accor dirRip §Fpechereh ot IAg ZHREF BPHHT BFar Hrosmy 1S mels ?gyé(fos 131 oS
sent to theanetdebagy tihe ehmd dndnayist be mamdiey eslsassyocand Wit stobflel]l s léqzlafyele
MRLT Ol O0Y, L EARNET Be k@ b M mdBflgy, LRROIRKEILM kB! HolMBH 0 cﬁrm&reyaﬁi to

el i mi nat e or *hiratket > ou sone [ots 23 intended for. metrol o
op¥r at i offsntifringonéretionHReboP aﬁm‘éﬂsﬁtf?%b‘ﬁfoﬁflﬁbrﬁ%on’lﬁld thejdgntijyie mff?i’é’atﬁ’ é%aé nt
i nvent i ofcBYmheoaiPhyRdod B thd ploificgrend iHantifiddboe. Forkmpl, iprogmbstmdngibe| s

at t-he- V%[erktﬁ;é?grlg% agongg%égvi%ﬂo§23 mayWe tlhgfoﬁswntlgr}gm?ane time insuring that

sufficie

Lot # Time Stamp Matching Rules

120 2004 0130 02:37:42 ET40M1CD R02M1CD
b |

Year Date Time

35 where the time stamp indicates the time at which a previous process operation was performed on the subject

wafer lot. ET40M1CD reflects a metal one critical dimension (M1CD) metrology operation is to be performed
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obtained to accurately nonitor processing operations perfornmed in the

manuf acturing facility. In one aspect, each of the lots 23 to be processed
by one orwoun@/missehe nmetrol ogy tools 14 is identified wcrhisaodsoe2iounber, a
time stanp and a |list of metrology rules associated with each lot. This
identifying information may be used by the metrology control unit 12 to

t ake vardnQUst fBdkéd0h RE EdoDﬁlﬁnbeIQfO (ED40).S Bhe dettRd indeRM IZDNeflocts b awetrhibicomitionly  be
in any desir.ed configuration if %09 shbiQmnoatien my
i ncl ude dr‘FB’?né“”bQ\Ll%i)ggnemg‘f% & tl|°on t?tﬁ ﬂerﬁow%ﬁ%ntégﬁ %og%%?eﬂ;r% g? elntérgflrgg above.
For examphgreti¢lomuoher 24REP0.0A pingle lot rtl%iéatlsﬁlém‘ﬂial‘lwtﬁﬁjgﬂlﬁk%r mation for a given |ot
23 may take the foll ow ng form Lot# Time Stanp Matchi ng Rul es J20 2004
0130 02:37:42 ETA0MLCD, RO2MLCD S

i ndli cat es t he™£fARIangE Wilth§mE AsPACt ﬁ%t@?/?r?)sdg “B’?%‘(?%t%‘gs éogpnelary St eénr?ved 1S eorad( ororl#'é on

t he subjtRemetvddee rwoklotn. préghe® Kt GDrarigf lof chons egetilzl intorded @wmlwyaﬁperen% gy 6n

(M CD) ne&ung)alﬁi%g %t&é%ﬁ<§§ at #ﬁgesée& i Be }Hgtrop)%; {81 TB 9@ nokeObeeRly G &SSRoth e @1 G

tool nu e second rul e RO2MLCD reflects a nmetal one

criti cal metiolegyasisn Thvpkmyng erpé‘i"b*@%ﬁ%‘b‘é‘?a&i"ieéﬂnﬂ% to be perforned on a Iot
processed through a |ithography process using reticle nunber 2 (RO2). A
single | ot may satlsf everal nmetr ules. In a%:g NGfRsW th one
aspect of the present %I %ventl on, |lo sgg%mhay be|renove brs'acket ed-out"

of the netrol ogy WOrkyjyh progf essyoh diomoNathet y| of Errmmmmzmgo, the
i ntended netrology operations| may be redundant if other |ots are processed

in the netrol ogy tool 8014 andf or 298100 @2l y pr oEdsBEEDERMIGPe in the
met rol ogy queue. The | 1 owi ng tabl rovj,des am il anple: Lot#
Time Stanp Mat ching Rﬁﬁ%es J20 208@48’1@53&043%7:4:2 E %@%@I\/ﬁ% J30 2004
0103 03: 05: 02 ET39MLCD RO2MLCD J40 2004 0103 03:42:55 ET40MLCD S64MLCD

wher e ET\%I%rcr ﬁ@ﬁ fRRhS et@ﬂ 6 nﬁrﬁ&k 39) 8RG resch, steﬁ%toBlﬂlﬂlﬁl&a‘i 84) bl tﬁet(ﬂﬁﬂﬁfonﬁaﬁ&l is
number 64 ! e of her 11I nformat | %nf l? fata%lrgwerel err?'egolo ueue 1ngccordanc

i |l ust ra%sll’i‘ﬁéca@?(ébr?ﬁ? eln thig ilgjiptvg exqmpre, f 3¢ &8 (er& B RS TREPIPR1 By BAETE ™ n
accor dane#h té priseit erenpiog $@ f20 could Bntlen pyt of ¢trobRDquseUf ébSltﬁé ot zekde  brif20gtay be
metrol 09). gv"é?l’dgcaullsI: I f}ﬁﬂlééx%g»gyfulerk%ﬁ% IJI'CQ§O i 20t HEYor Q@aﬁﬁﬂﬁ@sﬁ@@b}bﬁﬁ&b‘%erﬁyer y

netrologyruesatls d%/ I's, mat ched or equ %q] &F

méPe recaptbsyd Jok avbdisand tydte latgrdtime SRR Ay RO Re T Yt att1 atehey, M he
metr ol Ogls(oz@vu@@emle That 1dt szo tokiethd Dt 740 3Qtchea ttic:HBOMY IR 1RO BMLC mu §h®f metipdogl Ot

J20, and_t h ons %ed no’p be per 8’rrr]n%§ Oltl El% I(E'L}%(I\'Qs (Nllﬁl ?ateq ftlmte Qgimlosogans}yz Ok ?f-ljtﬁéjﬁletrology

nmet r ol og?lp erations formed o
| ater ti prerationampd sy tabsadigpedayith lof JZ@hé)fr?é‘Ef?eo rfdbvreéplé@ax beﬁ%ld%&atrtm petrology

associ at gﬁra‘%ﬂs 1) ﬂe%@rfo}rzgi on@t JﬂQbﬁ’y&ﬁhplyl itk dd@&ﬂ fm&ehd of Eoniﬂi&;élyl‘bﬁmﬁl@t@d dmet it, Hmtott he

r ol og rat.ion formed o
%t ead }O/ZP SOt 1815%}6“8}0?”"% OBt h S erﬂs 5 re(guﬁedqf o? J % ou?1 {f{@ Oiaﬁzﬁq?aly
met r ol ogyowierpkockssedpn theymetsdog pl|14 Iécrveevqreel aresceenbediment, (o the s igHS Tb&?]@Itedt"Htat
the I ot tls%% tl[;ga;ﬁ[esent invention, the metrology operations to be performed on lot J20 are simply not performed and

lot J20 is sent downstream where additional process operations are performed on the wafers within the lot J20.

25 As another example, rules for metrology sampling can be specified for EACH processing tool or ANY
processing tools at a specified processing operation. A rule set up for EACH processing tool guarantees
sampling by each individual processing tool. A rule set up for ANY processing tool guarantees sampling by at
least one of the processing tools. If a rule is defined for EACH processing tool, when a lot successfully passes
the metrology operation, any other lots that (1) have not yet entered the metrology tools for processing and (2)

30 were procéssed on the processing tool prior to the processing time of the lot that passed the metrology
operation would be automatically bracketed and removed from the metrology queue. Note that, if the metrology
rule for ANY processing tool was used, when the first lot successfully passed the metrology operation, all other
lots that were processed at the specified processing operation prior to the lot would be removed from the

metrology queue irrespective of what tool was used.

35
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now be processed in the netrology tools 14. However, in one enbodi nent,
once the lot J20 is "bracketed-out" using the present invention, the
nmet r ol ogywopesci4izans to be perforned on | ot J20 are si mpcy/usetospexibor med
and lot J20 is sent downstream where additional process operations are
performed on the wafers within the ot J20. As another exanple, rules for
nmetrol ogy s ar@e'pﬁ%n@ﬁ%n@ﬁl B8G%b einfldy a86usEosihift OCRSiISorAGukOR|comEctiAiNYith the

t ool t d t I
EACH pr CERLSh R B01 B s Be BRI RY By CaR ! nitp Pl N

t ool . A drulhle issmbjeanjpo ﬂl@lbra.éltdtrnaomcihcelslsgmgieicohﬁd hgusir afh B esPrewFRIPPIAPRINRY € SP east
one of té}ﬁca%lgt%?a%@ng%goutt quloﬁpmtrfrmr% rhebtbiByl perbiRhi s1adls is%b@&@% i emas)ba&ohool
u

when a | ot successtully passes the rrlatro&g(%é/h era on, Pﬁ dtoth IS, t hat

(19 havecapest bEytélﬁraféﬁHtIérﬂ@acaﬁ% e msthpologigy BT 618t §&P é and Cﬂ‘}Caw%F

pL ocesseth lgnle iﬁi@ﬁ)l@& QERES i ARG piraoiate pentifier hay bt h@oqmte@m sich tptstshqimghapthe mnbteoldgpt

that passed the netro 0 g ng” L Gl doY qldbhAeial ek gnd

removed PO THE REET 6 tg%ef/e cglﬁgeaﬁfgls %rg,gov?#%c?lﬂ% met rck?l%gy rul % o ANY

processing tool was used, when the flrst | ot successfully passed the

m3t rol ogy opef aitlePRsue @d éddﬂﬁsh@ the hﬂ:fr@nﬁth afitereba PHPLRE BB E)Cbea:bnstdhﬁd apecdpfabled

cessin ion p r to t ay

L} ue ir lfegrgsﬁ &ttvF%P fen{ozsm or%racke%nsg o&y oltﬁer 9)% éogﬁiﬁ ¢ 1%%8\/ g}Q {ﬁe&e i n%ﬁérglollotg

errpl oy vae pcmméemd@mbﬂrpmsm@vmf thayl mhtbltdﬁaharqcm@ss ¢ighecsipilrcof for?3 \RIOF%SSE‘ Féhin

net hodol gg 'fa%ﬁlt}fjeﬁﬁréxg@gargﬁé’tc@d be wﬁpﬁuaﬁffe@rﬂp|aQ‘eprésEHtaIt1|v@-10k Yhay l/ary\lldéplendﬂ@aiﬂoﬁ tebe
decided 1f a dgiven metroﬁag%é oper, t| on or o,.t he 1Prba0if"%'t' ng
| g’ e alo

met hodol Pryicalar iR LRy i onep] LBF%W‘?%’P%%“&%@ f%"rees?ng “”"91‘“ TrRY BE

critical mithat a hitlagket iofigafes thaodoenot hqwelariympmahgname@mmsogymwesr agi vivscigflot| ot s

23 ssubj e SiGhd £di 6 Adw RREL3E hanwcannot be tolerated. In that case,
315 nmet hgé]%%%%bggggﬂ esn%rt(% béd ﬁversr}el rﬁ woul d not be applied to such critical

I ots 23 in the netrol ogy queues. An appropriate identifier my be

associ at ed Wi tdin&@hie bspbodbfSheukddnt inbrationt Hleminmedyrbe kodplishediot thodumberiof lots 82 thefmiaz e s

that t heﬁe crl gBermckc:tecc)it o%t us:lsré%r@cy BFQSQB'C 1psgnt{oﬁ m?‘a\{&da flll;lﬁ) 'ﬁ]a§ IB@ erﬁﬁtgyre@ 'tooﬂ%remﬂﬁl'!ﬁ for

any reason. B\ ress 1Is ppropr|ate criteria for a
sanpl ed Exsessively loae ewrbsi dégted da ﬁOtéER?@ﬂeﬁblP@’ PEHIBS itt FPTRIE TS OR FBTE LT of

r epvi ng, QEmMaaﬁlK@Jldg? gp@won @é: D hedsGerhdnt) Mal Rentdie twesty dgy frapu excletooll 40 (BR402T al |

lots are_c |dered resentative i I L ey shu
char act eﬁlc tal ad;pse qB?uetUﬁ%b ue \farle% P rr:as?ns efg schlgt!l(;uge\g Srréalyehg ngmetch B&F% v %hat(c:l?vi/n

The exac brepamarestt eirresne@f)logmfaq?ls dﬁ,l@FtI afej qappblg of aeffoém%%lé etErlqey epqrasipn. nyhay &?S?

dependi ng, Q@nméulaﬁ)gjp @ﬂeiﬂah&ié |a§srres@91m lnGsddlt la Qihit, Fi€HectRN ML @host |ré]:e@1|$l Q)rdrcléskddSolt‘ Ith‘a][ : ve
as. a 4 u

enbodi nent, a représentative |

casset t e PGPS %‘P‘%d Rrpcket OHETEEVS etea %n?ﬁ'gggpzflcﬁ %‘Iﬂpls ﬁsgarbésc f desru ] ?%at ES O d
PUWPOSES foul capsecutite Wpeat akipdedt thanagpuesiored lbty20ewgildierdy bragkett qyt prersmovg lPFé\Aﬁ 19.
process @f rf? els] N logltSQVould% P(gulgﬁ){s 1‘?‘%@%};&&1}1 o%ﬂ?lwoﬂﬁ%ﬂgkel @Vﬁ@%@oﬁd nﬁpel:ﬁoﬁ’ﬂ t
may be estab he nunber of |ots ﬂé be ski re

br acket edf Bt W8‘§11 Agckehet fisekent SFHW&H’(”%?‘I‘mbgLﬁ? d n@%‘i f ﬂf‘?ari)e“%g)g% 5 %8y88 to
i nsur e t haposaNA EXAR Sifit vigd yayladb eeniploybies. g Of0 1dtoifges28l. do not bypass netrol ogy
operations. For exanple, the netrology queue for a particular netrol ogy
operation (e.g., CD measurenent) contain twenty lots frometch_tool 40
(Bf40). Such ah¢ presge inygetige rrmaslsqa@ sa%%ct fogpegial ifep QWCEPFM frfacppgurrenge f special
schedul edydBitt 8RRRERACOhe RABIGARE Yy T UhddoMEy @htrangitaL. For &aofle, tihpreveetiel 0gy

tools 14 that are ca erformng the I, t
case, onCEEEREPIET Ogagv%rﬁceern Bt oS rf;nrﬁne TesU roc”gttoop(%%%trﬁl?g? &, 'ltqr?ly i 4rlgs%cs)ﬁfaatglt%| on

of the nusinsuredlemettologp Prsvtions e pgfonpeh]@n a selected number of lots 23 processed through the subject
tool before the metrology control unit 12 can perform the bracketing activities described herein. The number

35 selected may vary depending on the particular tool and/or type of event. Based upon the occurrence of such a
special event, the metrology control unit 12 may exempt from bracketing lots processed in the subject tool until
such time as metrology operations have been performed on the specified number of lots that were processed in
the subject tool. After this selected number of lots 23 have been processed through metrology, the control unit

12 may then allow subsequent lots processed through the subject tool to be bracketed in accordance with the

40 present invention.
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twenty | ots would bracket or renove the earlier nineteen lots. If alimt
is established such that no nore than four consecutive |ots are skipped,

t hen i nspeotzo@m4nds2l ot 20 woul d only bracket out or renpce/usets/018919.

| nspection of |lot 15 would bracket out lots 11-14, inspection of |ot 10
woul d bracket out lots 6-9, and inspection of lot 5 would bracket out lots
1-4. A separate Iin1t nunber coul d be added to the netrology rule for this
pur pose. A de aul |

Gesi rod. The. pPczishif shafbn gs ik Tepl G SRS tonddiay of Bibflkluty! ror
account ¢empl¢, e rotwdelpsia clescytfed élpfe‘elnm’ beglanysont fax bansivaepdet m?tf?é’gé(‘}’f”ikdhs

t aken by rBQ«%s s el ﬁ&}ifle&&irlgvrepdr wHed ctowﬁsZreanF SbceS1@ FRHEN plofred OMERE A 10KE The
mai_nt enance oper at 1 ons e rece erfor med on a Pprocess tool or a

vV
metr ol Ogva%%gagqqhwngéharggwaéglf t}éts‘ésp'fnﬁ%d‘?ges fat metrol ogy operations are
performed on a sel ected nunmber of lots 23 processed through the subject

tool before t JPI% Fégcrngﬁ 9&%}. 1&&9&519'&&%&[1 Eo vltgoug ARt liufupsglﬂgn;shﬁ d?ﬁaﬁﬁ‘ckl doﬂg)lhng

activities desc ereln. nu er selecte var ‘p g n the
part i cul Eetrolaglp vorkrip Peneretsy Ja o8y lnéi?é‘ﬁ‘te empoflraeyt: ({isoheth e°°’8%11§ IR ‘g‘@ DICEER a
speci al eeftumit hil@ aBkdd @ @gtyol ﬁﬁlﬁﬂd’g@ |w01ﬂtl’i]otv tda leﬁayneexeﬁmpgy tbal Gdantdiyag Kk pliviality

S pr che wa?er ?o‘csI tﬂat ¢ Q?n as W tﬂo? B 8%?' ? % trnje qﬁenﬁe% tgrgé ﬁrQJeQQy in Qplga{sﬁ(;n'e ons

hgbe beef Pet for ne er o were processed in
t he subj eettolagpdsiol, am} w@relq ﬁxp ey PR hla'n%?ts i lea}sb?ng Oé@ewgéﬁé Ig5elon Mg dRgEs sed

through pBlcLleQ0ite atlibhet 60 ﬁfeﬁ&&gylﬂdﬂl tndkdediBy 1dadd Of dhek Gﬂl\lhﬁplﬁl’él&ﬂ uedfer 1@ ® be

processed thr t he subj ec br acket ed he
present feﬁ’\‘)‘éeﬁ?'f"gﬂiefﬁg"lﬁya ®e %’?Sﬁdgupgf %%?1%0}%1’ eEEPESLY ee?t% aﬁg%ggn%yé% ef)‘%te%l at ed

cont i nuotkslay least ohntretraloeyttelt |1y 2 forker exbadpient, thehyaethnadt %@@@Pbgﬁr@gmwe@etrqlqséd
hgrsei n ngl;éragghsgllly\@yrghtpgyadmam@feaggl vated when metrol ogy work in progress
exceeds a preselected | evel or when downstream processi ng work i n progress
| evel s are too | ow. The bracketing algorithm described herein may al so be
suspended as tlesbthedliusitiee priedient:, hnmehid ompisss gevidrzd mstroligy extrelgmit ghat is
vari ous Q&@#@S%ﬁ%ﬂr&mgm&k b6 toqu ﬂ%m&%{rmg‘y@m rl&ulﬂylaga Bt bOGer W tkatl n

progress. In one Illustfrative enbodi nent met hod rrgrl ses}ng ($V| di a
et r ol ogre dohmewsiosy Are PhLEn fhe WAlL]oE St ‘Ptﬁndﬁ%ﬁtbfé’lfoc?‘?éeflr“b? TYIES oL o at
| exst onensrah ﬂl@hﬁ@yogfy(aﬁﬂtrpl untega) selkytd 42 @pad of c!flt]r&lWafeylo@ffor\nm'tle]bgﬁ wisssinpatthaate in

a metrol %99( 8‘6%7 ?oli herelgnrfllg %% egl:;tlciag)ct e 180 vas Elﬂfegt@éjtgq EQOLQ?IOPJSQ&)@I%&ﬁdaan at

| east one erein e netro ogy C ntl’O uni t sel eCtS at
| east oné) @flec{s hféeaﬂa’fl%?thelf of the mwplinnef taist 18*@ §bisptertia 46 PFgest FPeitRR ab tipegist o G e
met r ol Ogyeletcfa@ ht IQRQnGS@Jf@(Ht %o lﬁ&erﬁo@@%onﬁﬁlﬂndﬁbfé@f quede thdee upph the aletrdlypy @focansifigsdt

|l ots to he from.t e, based on the netrolo
H‘S ’g? ﬁ ea%t 811 \%a[feégo?mrh% a¥ leas O%Xmgt}"lo?u toofa up ay

pr ocessi I eas one lot in the at | east one

metXx ol ogy tool. In a further enbodi nent, the met hod conprises performng
net r ol ogy OpeF[ﬁéﬂagl@ﬁargﬂlb@hrﬁgnﬂHﬁélésta&’ab@xfe a@dﬂis&dﬁ@i@ﬁy, H&ﬁﬁeﬂﬁveﬁtﬁh ﬁlay Helnodified har
illustrative enbodi nent, met hod &Flo% g%? otl) ogy eqnt rol
uni t t haPrrised it b’ e&‘B PO et FI%S’F FICHPSH P avlmé t "One

met r ol 0gyeathd@$ herdidle @b dxyrapie) the pbagssadteps yet (ﬁcfrthvvéb\@rmdydtespetfbra@d alrfedllffpreq order.
met r ol gy, GUEHE MW%%E%S LRERELEH d@&&n@&%ﬁ&h&&ﬁi gxddeglgh ﬁ%%enpgh%@%&@dmanrhs at

| east one netr ol wherein the netrolo sel ects
at3Q east desHEbed ﬂ't‘erfia“Wa?eE’P” Kol g“’rf?@?e e @Ftdwa%F'ﬁ?fég’é?dﬁben ls‘fl?f'é %%qu BA¥ one
met r ol 0Qg¥yitdréd0dr, moskTrRd ahcn all R@&hsetigioisede adnsileals titidin ehel sotpeviid ssitibpfetbt édrerttion. a

previous Riok ng?y the }pr %ught ﬁe@cgn is as set forth in the claims below.
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(b) selects at |east one other of the plurality of wafer |ots subjected to
the process operation at a tine prior to the selected at |east one wafer
| ot to bewoenmwwadsser om t he netrol ogy queue based upon t [reTraseosloonyy1
processing of the selected at |east one wafer ot in the at |east one
metrol ogy tool. The particul ar enbodi nents di scl osed above are illustrative
only, as the invention nay be nodifiadmanms practiced in different but
equi val ent nannerA'%lig’parent to those skilled in the art having the benefit
of the t &4k For exanple, the process steps set forth above may
be performed in a different order. Furthernore, no limtations are intended
to the details of gopghs ggr;lﬂrglggor deS| gn herei n shown, other than as
described in the clalnms_ below refore eV|1dent that {.‘ ) cuI ar
enBodi ment s dprgtetilb%@aeﬁé’t%téOHHﬁlymBé”b‘iht‘ésraé‘a’te& e e Rt RN T SRR ° "’as one
variations are conﬁlbtdﬁrg@ebowlzt)hl n the scope arid spirit of the |nvent| on.
Accordingly, th r ot t i 106l (89 IR
bl ow, CLA Vb PP BEAPRR S A3 Bcio' oo Theds i R Sl oEl(2)
metrol ogy control iended golpyprocesged i said aidepsioBgmey °§¥ﬁ‘?’t’r(g‘t )23t r ol ogy work flow
to at |east Owﬁeréﬂetaﬁcp{naﬂayogp Q&itro(ﬂ:ﬁlt)(n)isd&lfbt dtfl@ﬂi;tn)ge af plduwasdrilsty (20f fonakedlogyot s
( that are in a netrol.o erej r 3 nded
(Z)l%%)e processed i nPSE el %%ﬂdegg[%asoﬁnee e 00@( f-J(Mfijml(a f%ﬁ%ﬁ i gne%glrgre&l)frr}tdlgal d
metrol ogy control piatity (of 2yafes dote €333 toabe re@asqd sqid n@ﬁ?legy\/@ﬁ@rbaﬁqét@m( b))
for metrol ogy procggsd pfo@es% &t sd sele@@Sd 1090 BneWREF D BEYd §t@Qkt ofeldetroB kool
selects at | east one other of said plurality of wafer lots (23) to be
renmoved from said Rétrol ogy queue based upon the netrol ogy processing of
said selected at |east one wafer ot in said at | east one netrol ogy tool
(11? 2. The tth‘hé)lIletﬁ)ld%k Eﬂuﬁn Whes e a§1@dspon@-§netlrcﬂ@§ttoopﬂﬁ?) iRbFied 10 gyrfot0 @l

i s adapt ed to performat |east one nmetrol ogy operation. 3. The nethod
of cI ai miesst ongrestrelpgy o8y of sai d plurality of wafer lots (23) has
associated therewith a unique lot identification nunber, a tinme mark
ndicating a date andLh[Potial 12 BlaY Rli%e Qe[u?ﬁﬁéﬁty%@%é]& to@sn@yms R&bdALTEd

on said lot, and a east one netrol ogy , .each ruelnlcatlnﬁ
of met roltbwl%pém% ilas deptificaion Bupten o e Tk 1disairg vieteAd e BhEeETio sgprg‘i‘?%/l ty

W;W Ie a Bg@éﬂo\,\ﬁb}% ﬂ@ff&ﬁl&is&l s@iaﬂdftadnﬂ @ﬂ'lea\ftfaﬁe perdaay i eeh ndaindlcatiog a tyde of'ﬁh@olo‘gy}t hod
of claim erein_said on _ol. sal t r edl OF
metrol o g)?peﬁ‘t](g%té %)g P%fﬁmileﬁ on sa,l Olot aPA roce%smé entlgy V%wre a%ﬁ%&)us%?o% S!‘?é g%tlml \QJS é %ﬁ)l d

sal ne ‘nmet r ol ogy 00l Based upon
how recenrbkajdlat. | ot in said netrol ogy queue was subjected to a previous
process operation. 5. The method of claiml, wherei n said sel ecti on of said

at | east one wafer | ot ﬁ éfor met r ol a(% ne
3t @) £ %9%31 Slo]

met rol ogy t ool* (147§ Bethd ot daipdorier R 18?%7°§‘61y P aéggségnggfaae e e

| 15 processing in said at least one metrology tool (14) is based upon how recently a lot in said metrology queue was

subjected to a previous process operation.

5. The method of claim 1, wherein said selection of said at least one wafer lot (23) for metrology

processing in said at least one metrology tool (14) is based upon a metrology rule associated with said lot.

30
6. The method of claim 1, wherein said selection of said at least one wafer lot (23) for metrology
processing in said at least one metrology tool (14) is based upon how recently a lot in said metrology queue was
subjected to a previous process operation and a metrology rule associated with said lot.
35 7. The method of claim 1, wherein said selected wafer lot (23) for metrology processing was

subjected to a previous process operation and wherein said selection of said at least one of said plurality of lots
to be removed from said metrology queue comprises identifying at least one wafer lot that was subjected to said

process operation at a time prior to said selected wafer lot.
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6. The nethod of claim1l1l, wherein said selection of said at | east one wafer
lot (23) for netrol ogy processing in said at | east one netrol ogy tool (14)

i s based wpanodmwgseecently a ot in said nmetrol ogy queueCcras2@sbpraeted to a
previ ous process operation and a nmetrology rule associated with said | ot.

7. The nethod of claim1l1, wherein said selected wafer |lot (23) for

met r ol ogy pr qgcessifhg mABSd SéRje C 1@ thel Qmprisiiz @3bhoPAG st 2 CRS] SneOPAdr Adt (BN scheiaield
wherein said sel ection ?f said at |east one of said plurality of lots to be

renoved PrERvadioR sHEFFE WY Yteue conprises identifying at |east one wafer

lot that was subjected to said process operation at a time prior to said
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said at | east one wafer |ot | ected for renoval from said netrol ogy

queue. gemqvﬁ‘éﬁ%%aﬁdﬁ%lf’gyc‘l“%}}em 1 furt her conprising linmiting a nunber of

wafer lots (23) that may be rermved fromsaid netrol ogy queue. 10. The

met hod of cl ml, furth r | f pgﬂg n a

plurality of afaddl tllﬂhonafh ﬁ%ff%r rTF Hf'rﬁ1 5‘?1%511 %E e %%oﬁl%gg%au%g%%&ﬂiﬂﬂ%gr ein

sai d netadghiogywawits(®)- unit (12) is adapt ed to control a plurality of

met rol ogy tools (14) 12. The method of claim1l, wherein said at |east one
ol ogy too] (14 aated erform at Ieas o] V, i on

gg{)rprl sed of Ht le 61}98 gflalﬁleas“ﬁhfrlelﬁlgsalg H(I:e%f’o &% uﬂﬁﬁﬁ?gs a%Lanegatgg&ﬁ%gLa

t hi cknesﬂuraifty‘a?rﬂeatyl%y,toqlséa@url ng a surface pl anarl ty, neasuring an

electrical characteristic, neasuring filmresistivity, rreasuri ng film

optical properties, measuring defectivi asu | nnent

13. The met hol of Eiearerid of ofap {- H@?relc?é?‘}%?t){esaftﬁﬁe T‘%F dls apltf%)(os];feﬂloIgh

sai d pl U]‘eﬁ{ bﬁeymelfologptoﬁerz(ua:s)omﬁmadd ofeay lqagtonh ef rrem\mda ﬁrrtmh @aqndmmemrl@ﬂgy

qygue. t,h | 1Yy d B G uihe R diRrOQ ¥ £RRESHE] mébiring (le)
tﬁgt is a 2% tlg%éo%quﬁfé %E;E}%Sega {yd flgw to at Ieas{ nemrret r%)l ogy

tool ( 1496s1sﬂiv@e Pedswrie A ePUpAl preRgrtics; W%*Pﬂ%élrﬁ%‘fm%f‘@ megsyying Qyertay aligRmpy o

met rol ogy queue wherein the wafer lots (23) are intended to be processed in

said at |east 130ne ”?E e%lo&) la'in?(f)lf?:ghsal gprﬁ&g d\éﬂ'ﬁ); a@leac‘s@blg oF Bl %aﬁl&)ﬁfﬁ%'@ﬁ'}m

unit: (a) selécts a eas one for rretro ogy
proceSS|ﬁvgmamn@aﬂstma‘{edﬁ@aﬁld@ﬁ'@loﬂﬁ‘?‘éﬁ ogy tool (14) vvherel n said at | east
ong | ot sel ect ed for nmet rol ogy processing was subjected to a previous

process opera A2 g“% glbl%‘ sel ects at |east one other of said plurality
of wafer Iots 23) SUbY (‘EYHép % said process operation at a tine prior to

sai d sel ect edpatidihpastropge contiflanit (18} thatds ddeptaddmenpiag] nierelpayseorkailavete roFasHRpe
queue based upon t e, diRY tel @9y pr OCESSI ng of said selected at |east one

fer | in
nate ot ;Sdglmgymaéta plluer"aal'lstyt ofowa er ots (2 S) tga¥e 1&12%etrglog}) queue wherein the wafer lots (23) are

25 intended to be processed in said at least one metrology tool (14); and
wherein said metrology control unit:

(a) selects at least one of said wafer lots (23) for metrology processing in said at least one
metrology tool (14), wherein said at least one lot selected for metrology processing was
subjected to a previous process operation, and

30 15. (b) selects at least one other of said plurality of wafer lots (23) subjected to said process
operation at a time prior to said selected at least one wafer lot to be removed from said metrology queue based

upon the metrology processing of said selected at least one wafer lot in said at least one metrology tool (14).
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