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VAO Productivity Suite BACKGROUND [ 0001] Modern

sem conductor factories use a variety of automation
wayabans24rom nmul ti pl e i ndependent suppliers. BST/USHA9/034791

herein, the ternms sem conductor factory and

sem conductor fab are synonynous, and are respectively

abbrevi ated as factory and fab. The vari ous

i ndependent automati on systens include hardware and

software that are i f . ther to

automate the mvenmigfpﬁgﬁéﬁ}ﬁﬁ%%?&and control

t hrough the fab. Major i ndependent autonmation systens

in the fab may include: MES (Manufacturing Execution

Systen), AVHS (Automated Material Handling System,

MCS (Material Control System, station Control for

tool connectivity, EFENBAER@GRORNDFront-End Mdul es)

and | oadports for interTace actory tools and
[000E VAN, st @idudlor fiAGHdsNgse Sy 84r&iP of la®mation systems from multiple
. radiofrequency identifier (RFID and barcode, and _
indgpendentatupalieraddp dprfehereidlothansras perpigardustarHagtopmgndysemiconductor

ed.q n.a : b .

Taop B ol i freoresAGHOE, AR s BRerfitha b, The various
inddgdndeiti mmomateni patemanaglade hhrdwaeh et boftvgaraniht dirs pagr€dved to work

statistical process control rgS.PC), and others. [0

002] :
toghEh BUGHOMAE har MOV TR PO, £5'8t 8 calatéoldéfquvseorﬁ? dab. Major
indY¥ e NARPRRASN EYerhd i (RATD! @) Fclhd@R MERSMEaruSacturing Execution

currently no single automation systemthat aggregat e§
Systiehp Vit Sc@uattomhted MatefigbHmiddimgliHsicsn), MHeS (elsterial Control System),

t hat, th roductivity o tire t i..€., af
st iRCRTTIBF b oG YBh EEE NG BT St Mo es) and loadports
forl NAGPRBIBA BN ABREY ABoRY 8h® e AARMMYNGhAtEH] NGacking systems like
effectively. Wi le the independent automation systens

radipdieqnestcy diensidier (RF Dot berpedy, asidorserdciatedrindopridentoroftware products
evi ces per fer,.the jnd ndent aut onati.on te

a5 ef oo BP A i ploBBRTOPLY Y T2 RRARE 30 8%er o hancte

fun6tiédsaike BBt détbetmgFioipe, mMVaPehWl kchieulfigagideBsphtchestetisical process
mat eri al handling, etc. [0003] Wen a new fab cones
congipl (SRC)ofndiiberss abri cation of a new chip design _

S exLs .
L e R R i T
parfitigsrefab) thereds clilentlyawi simdla gutofafiad systdre tiout aggregdies data and control

begi nnj ng of _a new product fabri.cati ranp, a, maj.or )
on g bE¥idst bapie The FFshl iofhay PERBIGERY P it S8l epe the entire
fabVBE§ ot e rﬁﬁiﬂife@ HleR I vohdnHRE QN&zmn ide aﬁt@ﬁiéﬁoﬁ’fsﬁtgﬁs bAbfunctioning

may turn re toward i nprovenent in fab |ogistics and
effqutiveyctWhild the ihdqpeodeatrentoniatioh apstérogimsl inos dreatlybienpatt the yield of

s G SR g b S5t b 314Gt Shaps overs o
proll @tk iMelEesrsad @pwcreet%@,_rtﬁr@g@&mm@ M&ﬁqﬁ@g& grbdt) RUER, material

the fab, thereby benefiting frominproved fa
handbgg.std.cs. Al so, fabrication of snmaller technol ogy

[OOH?]d%hgg \altln%\%sfag %gﬁlggorﬂlen%ro?%f %Idl flﬂ:lbrpc%tiy)\ﬁ 9}' art] rsleerT%Xip design begins, issues

and problems may exist in the fab which adversely affect device, i.e., chip, yield per wafer.

Therefore, at the beginning of fab life or at the beginning of a new product fabrication ramp,
a major focus of the fab is on improvement in device yield per wafer. As device yield
improves, the focus of the fab may turn more toward improvement in fab logistics and
productivity. Improvement in fab logistics can be of particular concern with regard to

fabrication of larger wafers. For example, fabrication of 300 mm and larger wafers requires
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require nore process steps, which in turn requires
nore autonmated transport through the fab and increases
wo b@oaaitpd exity of cycle tinme control in the fBRUOI/US2009/034791
Therefore, inprovenent in f | ogi stics can al so
benefit fabrication of small®r technol ogy node
devi ces. SUVMVARY [0004} I n. one enbodi nent
MOZG AMEBREFIFBISPeTA SRS }&nfaba&erqthybe@Pfé\W)g froguimrased & logistics.
AlRY Sfﬁl?rmahén QJsz‘hllaQQ? qgch}igﬁ)tg?%d\é' ek gﬁkf %n%e%fec'atsgdnlme widths may
i ncludes a fab configuratfon nodule defired to
require tmose Ip;oc&ﬂdﬁd:psphgbmhcaltumysqmrﬂs o aatdndtéditresspoft thdo@gh the fab

ored, Also, a data acq 's' |o nmodul e

and §gufisBReTBPEREGPF SELS e oRRe IBRYS AT heg BBy ement in f2
logidfies Ealalsy ket ﬂl@h@ﬁfonclﬂ%ﬁﬁhbxot@é{no%%oﬁé e%&&e

physi cal systens. A visualizer nodulé is defined to

col l ect and aggregate theSUMVEARYNal data gat hered

fromthe physical systems. The visualizer nodule is
[OODGI Inhere elrbodiment] @ sphoedictéhabogeivatthansl (fagtvasualiidiod system is

f or mat suz%able for visual renderin The fab

dis¢lpgsda) Theak owsgég)@@%% aysem; meludees Bbgsontigreation ygedule defined to
Vlrt'uQ rnflcﬁfé? pé%r’&%l 'a%dcﬁmt{u%gl &0uRYeab NG l?é g%ﬁ theeg" Also, a data
pl ay t al” data

ule to processed operation
acqwisutiunrmadwle sud¢fined o exterfade witke tHeafdryisiwak systenfsaefi the fab. and to gather
0005 .ment, a sem .conduct or fabr a
PR 052 (B ) B PRRICY VeSS ot S tOdEE g8 afingthép collect and
aggr %&@%'d@%h‘t‘i@ﬁﬁ Bt/ pANGEY 29M IRYPHSicHLRAR. ’Tﬁ’e vigualizer module is
| ect Iter, and present fab data through a GU.
furfhhed@'y@d ¢opricess thaepardemabdatamib pAermatsutibde fefiisvebrendering. The

fabavgg%?%aglogﬁstgg eglggﬂﬁ(zgéf?d egé érg@}lf%}(%? ! %efr%(g??g%) tha? is controlled by
the RJub RZdFBSRile (BNEsHYP tHRPrbdssiddedpetdtiohsdRsa *NhPE ikl @bntext of the
nodul e defined to control systens within the fab in

ﬁmﬂ@ﬁﬁ@ﬁ@éhbb data coll ected by the visualizer nodul e,

{006%1(1%1 &ﬁl%(l?%el?ty a%sle?]% 38@%?{51’efabﬂpgl%nef mg{y n@atg) product1V1ty system 1is

natlon ere I'n"one e

dis¢BdddoThé Sysdrs Ghadsdd af\QEualIli@éH hodiladefSesd ©awotleatt ﬁtter and present fab
fabrication facility (fab) erations. The net

datg H&rpw&hag C‘aﬁ% Jﬂ@r%’ﬁ‘ie&halﬁ‘bﬂmé i3 ?}ﬁ]@lY@ﬁ“eri}ll@rﬁg[ﬁn%foaanalyZG data
col{FEt%H] gy f gr %thlaﬁé/e?t ul¥ thi Rsvd tlle%{i‘rdf flal')ﬁéétlon facility

0 INnc es an oper at or aggregating
perfdmmand mheeayst@peﬁmﬁleo neluddataa. opTllrrBzererhhcdlde fdafitdteto control systems

e AR T K T T ——

anaiﬁ%rﬁle@uml&%mtﬁ%mhtﬁ&@&cts and advant ages of the
i'nvention will beconme nore apparent fromthe foll ow ng

[006e}t i ¢r@demllsthmptt pamsthedaksedisdlesed doj mopitordmg suntiboniduetor fabrication

roc R PR, FHe o S S P B B 2858 B honal data
frof MRS Etbﬁlld Rethia iffbrikBtidd fabdity. Athe@RetBAPNE BicRRes an operation for
overV|em10f t he VAO systen1o§§rat|onal flow, in

ageusbngldhe acqwited enrsatiomsbdntee The gncthpd fpieaseipeludes an operation for
ren&%%n[flé %@regated operational data in a GUI within a visual context of the fab.

[0007] Other aspects and advantages of the invention will become more apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the present invention.
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Figure IBis an illustration show ng a phased approach
to fab i nprovenent that can be realized through
W0 ppbaeeed at i on of the VAO system in accor dane@r/wb10n9/034791
one enbodi ment of the prese i nvention; Figure 2A
shows a generalized architecture of the VAO system in
accordance wi th one enbodi nent of the present
i nventi on; BRIGRDESCRIBRTION O THE dIRAWINGS a
depl oyment of the VAO system in accordance wth one
enmbbighreehd isfant Hastatmsesiowing entaverviewioduhe V3XOstystem operational
n. e st ruct.i an of set _of objects for a
ok BB IS Eho R oD i Tre i MHAGHE enbodi men
of Figerepr®sem illusweidn showild @phesed Bpphavh tdmbexaMN@nent that can
set of interconnected nodes, in accordance with one _
be waliedi thioweh smplepenistias ehthe] WOOYPIEA: ITFpRsardanaTvith @ig embodiment
' of the Dijkstra algorithm in accordance
Oftvﬁ‘mgPﬁé@ﬁg’ﬁéeﬁﬁg%i ment of the present invention; Figure
3D Eilgows2 Ashexangeacralitqdudrcltfectune oDijek§ Aasatag@rintaooordance with
as applied _to process a.second of interconnected
one fERadimerny of TEFHER VAU one embodi ment of the

P Bl AL A L6 SRR, O corne
with nheepbodditicotofitet pedgnt inveateor dance with one

e di nepnt of the present invention; Fi.qure shows

o Dot B et RE FoRsiiF oot S st blEE P EeR OHVC map
fileVighic&drBaRRSiitH StSombJUi ARV AR N8t IR e, enbodi ment

of the present invention; Figure 3G shows an exanple .

dat EEigeter 38 tshews jancixauhipkegsat ied Infesqonpected npdss, fppcqoréance with one

v(}%hi clte &o trr aver se .in accordance with one enbodi nent
embqdimint Of e RrgEe HYEMS"on; Fi gure 3H shows as exanpl e

netmglite IOGhHWS ahi prosbibh dref® AViksita OERRhm| th accordance with one

accordance with one enbodi nent of the present
embagjimentiod the RRENFINYERERL 4. 1- 4. 24 show a nunber of

scr - -

oy ST Subls HELLBURe S SARETCANESY Wkl Woihplicq o process o
sec@idesfinterdonvendd odes, D héddrEDcDRSEBRINE EnDNd [0 81 thlerprésaat invention;

foll ow ng descriptign, numerous specific details ar o
setFgdie It HipvGrasgis (8w dunde YALhoriaye RRIePetidhaDsgY position
inteﬁgolﬁt% MERSENh ab&)\f@aﬁ'& Qith dnk eMbbbin&it BPRRMHE&ENt invention;
owever, to one skilled in the art that the present
i NViEéigtiedF shays ke eparapleiof e datsi stinotute wpomingrupdited wéhicle positions, in
t hese specific detail In other instances, well known
acc%fga’&fé?s% IR St SN P SRR B f bod i n det ai |

| nofidgrle IPEhdvR éif%g%?es&ftﬁ kiYu @RS GHEIBdhE ehdPliR D Réutes for the vehicle
i nvention. ACRONYM DEFI NI TI ONS
to traverse, in accordance with one embodiment of the present invention;

Figure 3H shows as example network modification with temporary nodes, in
accordance with one embodiment of the present invention; and
Figures 4.1-4.24 show a number of screenshots of various GUIs generated by the

VAO system, in accordance with various embodiments of the present invention.

DETAILED DESCRIPTION

[0008] In the following description, numerous specific details are set forth in order to provide
a thorough understanding of the present invention. It will be apparent, however, to one skilled
in the art that the present invention may be practiced without some or all of these specific

details. In other instances, well known process operations have not been described in detail in
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AGV: Automated CGui ded Vehicle AMHS: Aut omated
Mat eri al Handling System BKM Best Known

wortbaes72hdust ri al best practices DB: Dat abaseCT/EEW09/034791

El ectroni c Design Automati on, EFEM Equi pnent
Front - End Modul e-1n aut omat e seni conduct or equi pnent
that section of the tool which noves wafers between

ordep gottg uppesessagity ebssutedbeipispens inventione | oadl ocks and/ or

AdH

Bokg FDIM Factory Data Integration

VBnager - product that coordi nates equi pnent data to

feacAqrY: Aabmatadsteasd Veli€leB: Front - Openi ng Shi ppi ng
Box-carrier for transporting sem conductor wafers

et MAEAS T ArtomatgdeMateripidlmdlimg Syste@peni ng Uni fi ed

Podxnearrher for transportin em conductor wafers in
p B et gl MARGEnaust s P Ltaeticr sy | dent i f i er
LFCDRL: ifakabEl evator and/or its correspondi ng
controller MES: Manufacturing Execution System MCS:

et EPiAalEl@tmonrcoDesBysAvtomakVC: Mast er Over head

S I o A TSl S50 o,
Ovegdefasl oo StooVeMidl Sot@ni el l?étwec?Mhe%aﬁY%?Bﬁ%}oadports to the

Mai nt enance RFID: Radi o frequency Identi
Rai loadlockeahdaipredess ¢Haothersof AMHS) RPT: Raw Process

& P BEIF i Gita d&estiod Blans el Corogupigpoordinates cquipment data o

St opR@e) hackgEmand/ or its corresponding controller
WP: Wrk I n ProgressVAO SYSTEM OVERVI EW

e FOSB: Front-Opening Shipping Box--carrier for transporting semiconductor wafers
between facilities.

e FOUP: Front-Opening Unified Pod--carrier for transporting semiconductor wafers in
fab.

e GUI: Graphical User Interface

o ID: Identifier

e LFC: Lifter/Elevator and/or its corresponding controller

e MES: Manufacturing Execution System

e MCS: Material Control System

e MOHVC: Master Overhead Vehicle Controller

e OHT: Overhead Hoist Transport (form of AMHS)

e OHV: Overhead Hoist Vehicle

e OHVC: Overhead Hoist Vehicle Controller

e PM: Preventive Maintenance

o RFID: Radiofrequency Identifier

e RGV: Rail-Guided Vehicle (form of AMHS)

e RPT: Raw Process Throughput

e RTD: Real-Time Dispatching

e SPC: Statistical Process Control

e STC: Material Storage/Stocker and/or its corresponding controller

e  WIP: Work In Progress
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[ 0009] The VAO Productivity Suite is a conbi ned set of

tool s capabl e of being executed in one or nore
w@opeeed4 syst ens. The VAO Productivity Suite PGI/HEX09/034791

referred to as the VAO syste The VAO system i ncl udes

a nunber of conponents for visualizing, analyzing, and

opt.im zing fab status and performance. A visualization
yzégéégﬁégﬁg¥ﬁﬁgﬁﬂgﬂﬁj, all ows integration and
00005 4AL V220 P28dREiv iR IShitP} i : :
100097 IR ﬁs, usilﬁg}'l gbg?g%%F@gFﬁégégﬁﬁgggfc %a{%)l]eg R Jpging executed in
onAnr moad yanputeosysEnenThé AAOQ Pvéddictivay Soiss is d1eo referred to as the VAO

licat of advanced anal ytical techni.ques to data
o A B S S S G v,
opti2idN ey staaRdiidp&forthiacd. ak \%Elﬁatli'iﬁioxfb‘?orﬁﬁ(;ﬂegl g@t IOV A0), allows
VpO al of the tab based

_ conponent (O in VAQ, allows contro
integratidveangniswalizatneti eigmoltipid&brystensyand ghaatiataatatst nsings graphical

th arehdentified.using the vi lzation and.. .
wsct ARG bieBbioRieeUAs ROk b T prigpion of advanced
anayifdaDitchatdued tanght£ ORfrh GUGRIBL IfAY shisybtBRs CMRE Q&Y and aids in the
t her eby acconnndatlng di f ferences andng customers in

undgasianding o€ therfab sttysayaueptinyrgthnceomnanenti (Q &5V Adhd allows control of
[ ' : . ki.ne.. Therefore, the.VA :
e GHEPIES oAUV R T PRI B R i
theivifunAadtiou ahd bealgdis parbut es. Al so, the VAO system
rovides for tailoring of data, analysis,

d
[00gt h 2P owsiappPoaidea ot susiorizapien and GOB%&%?T@‘#BFY by the customer,
thefB$! @ﬁﬁm@gﬁ% dikfRhdds IR gvégtos&fe?f ?ﬁ‘sérHRBR&’&%orf t%g.la out, product
produ h iy

ctivity I™m a measurabl® way. e I nprovenent
pridritiesp and wbinges tiy roanaik foreasaveedinien Treraferep ftheTBIAD a§stem can be

such as cycle tine,. factory. throughput, transport
adaied to BTG el 4 FHHORATT WA BUE] BIRBICSy AR By AO system
prok T4 MrQhNor V& data, @h&lysid 1A \PENT YR Bphaiedsi 15 Stk ﬁ)@ciﬁc customer

consi der total fab syStem performance, and throug
bussneshinesdmsi der ati on enabl e fab-1evel optim zation based

asyrenent and anal.ysis.of. fab-w de netrics. .
[OO?B}Of% %%Cg SySiem ANpLoves lfal%l HYPJ%I{CPXW 6rh a hpeasurahle dﬁay. The improvement
in @dep¥idewiaty che DAREMETEE T oRAhAIIfOMBIricE | Ah dsNcycle time, factory
accordance wi th one enbodi nent of the present

threughisws itieAspoTheffigikar s Y& g e plinnrdtigassduchipe @f adialien), inventory levels,

ak | | vzer dul e, an
et SRl NS JESHIEr i ARRHAE mellBF G, fElrouen s
convilieraion ehsisle Canleoplesmingizatiuneaaed bl @haasweinbneaenar@RRBr of fab-wide

t hereby enabling continuous integrated inprovenent
mepicth regard to each nodule's area of responsibility.

[0021%]]c llsi%gxgl A QE aﬂpiﬁ’lﬁgt%t@h_e?ﬁwg% g{l %Q/em %Y%B? 'VA@ sa/rs]tgm operational

to Integrate w ing applications
flowa) krowcantdartce owithforeeembgiimieabf ahs .prédente dmention.t The VAO system

) b d ) | f i St f ab
T Y S N T S
Mog?lg.e)\k ¥ihdieh A BBl UheRle VR® MARURY S4PSPrate ‘ﬁﬁ%@tli@ely with each

scaling as capabilities are
other, thereby enabling continuous integrated improvement with regard to each module's area

of responsibility. It should be appreciated that the VAO system is defined to integrate with
existing applications and allow addition of new applications. Moreover, it should be
understood that replacement of existing fab infrastructure by the VAO system is not required.
The underlying architecture of the VAO system is capable of scaling as capabilities are
added.

[0013] The Visualizer Module is defined to provide for collection, filtering, and presentation
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added. [0013] The Visualizer Mdule is defined to
provide for collection, filtering, and presentati onof

wo aodet7ad t hrough a GUI, in real-tinme or PCT/US2009/034791
near-real -tinme. The Visualizer Mdule collects data
fromvarious sources within the fab, integrates and

jlters t deswedform and vi sual |
of %}9 é@@ﬁf‘@u é%ggfén reF‘?“@ﬁ Stneergealiiine r@’@é@ﬂu%hﬁﬁ’ft I&pﬁgle collects data
froM \?éfﬁ)lub Z6trc MO dingh %eﬁbnﬁﬁ n%?(@é RE BestsSth dzfjfg & desired form, and
| ection prograns, roves eX|st|ng
v1su;adly| pesén thoadalbi N Slgoulhy benaidblsrqg)dl maegTeaVusmahmdModule does not
rep i RERLRY 1F reselh Bradsy Bof PBHE & ouaes Slgtion capability by

ena\a’hﬁ%J ﬁitég%ﬁ[od@ﬂ%r@sehﬁngﬁﬁf a8 b d—i%a]rzﬁg ﬁn&ﬁgid'éﬁfjﬁurces in the fab.
fab. These rules wl i ncl ude of both

[OObﬁ]slrh@@semmde@e(m, cthe Yispelizer Meduls & d&ﬁngéio obllgst eddicods “rules” of

the tf?brrgli‘heste g&) ' il cli %CA g}é Elslﬁr?eilgggl F @ %‘ 6V?r1§ti¥se Ve}fues of products,

rel3&/6 gaiokied of 9?0&3%(61{3 E?é@fﬂy FetsME chEE Nnes) BAC L hnd B eWatlonal rules (how
robl ens are reporte nd escal ated, etc. ). Ru

toolsopreesehpdredaier ENHi(PRgY aetivex pettawned), &9yl p@bh@@Sdameareported and

esc£15 H‘ Etgz dfla{??s] & I%&%Jy é(gpa(g%??ém ae%xggct{:ﬁa gf(ﬁ{é@gé Q08 AT the fab is

ana‘l/yzsdladrldzai ithe fai Q’pafdtlbﬁyla&r optnitadat ilorshowtl blatappredited that the

ntify cert |n chan 0 port nities for fab
wswgwteﬁ%ﬁnagﬁc ulgrggmby Bs ol 5 REXHY TR oot pRportunities

f @Iﬁ)t b st ructure pr OVI ded in the Visualizer Mdule
of &bprov%gﬁs addi tional tools and techniques to create

[OOaﬁ]dT lex flnelyeethpouleebablsatrotite paa finfrasimcerappeddsl of the Visualizer

Moy o MR ACG eGPl SHRIAGRS fheregie s plape hypotheses about
perMuh@e dsPeQPBI tel ﬂag iR abre aahil 9wh @de Eﬁl‘bo&ﬂ%np ahd Acﬁuiy@ér Module is
ab environnent. The Analyzer Mdule is defined

opepfécd aftar ahiaIWSlaQZ@nMC)dbledat epcagtinge qud rcenlﬁgta’ecérfgm/éhe particular fab
enVYr%gllélgrlljtf h’@‘xu M%%er ﬁ?ocgl)feg c{e?lnfﬁ to perfo%l lé'l% r0¥1 fng ¥lata as required to

error g

ansWef Rafibwafldries OAndaantpld b avempus qﬁ?érgh’hayé iblef t‘BoesAthe number of a
exanpl e of a nore conpl ex quel

palwwu@fqrcﬁ@ empigaiftognidpon dlabéhléé}“ﬁé‘tﬁ @gﬁfcm%” Ag eaample of a more
I € q b

cofE b0l 855 A OHB pRAGEAA M SRR QA plpcnnain

partidiarf €l ohagpicut @1zte|“t& tlc{lsslhméh Z@ﬂ”’wmjlfalht@tei thentejfiiyed analysis, the

whi ch data shoul d be col |l ected and at wha ci\%ﬂf&r eq

Angliesr dediie gt e backafie suptiect Mafys & 1qapi Which data should be
colfcBR@Rhe atculh%t ‘%&%ﬂﬁéﬂc N4 RP E%uﬁppggn’x‘;ﬂé& | Bi% AﬁélﬁeeﬁtM%iullT is capable

optim zi ng per ormance, but 1 n one enbodi
of wahtyfyprgosonte opairtuopies for aptiroming Gbnpefudatnan dut imobdiembodiment

P TERALEERYs AR RShAR CrCCHLl 80, ! 3 SN ohoinen, e scua

exeMASHH & fab-86nt@X A¥RL St orfs REh MARI DA RS d MVBTHE %n_ﬁﬁ?iem@&ﬁlg eF& example,
guery response that nore cars are needed in the fab

the Stal ey Modylei mey Ptfafpfifcfll fysry besponsrethanaioyez ears Risongeded ¢ sn the fab to
satlsgl reqm? OC%%!ac?!y? bulthe A f"yczterI PRAIR§ n§ responmb?e %or dlre@tlng more cars

into the fab.

[0016] The Optimizer Module builds upon the Analyzer Module’s capabilities and adds the
ability to control or provide inputs that change the fab's existing automation systems
performance (actionable control). The optimization functionality provided by the Optimizer

Module enables both standard optimization approaches using predefined constraints and



10

15

20

25

30

[0016] The Optim zer Mdul e builds upon the Analyzer
Modul e' s capabilities and adds the ability to control
w@eoopnasrede i nputs that change the fab's exi stPeUS2009/034791
aut omati on systens perfornanfe (actionable control).
The optim zation functionality provided by the
Opti m zer Modul e enabl es both standard optim zation

balé‘&?ﬁ? HehiBs cargtility P derrpiee (BwAdyr dianes rardne) saeifsant changes in
prodld ﬁi&e Fcﬁﬂ@lbbrlo%;éﬁ ffogv o%ﬂhlaﬁlgtrﬁaﬂﬁ% d Ynd ﬁﬂ?ﬁg Q}Ve d%htltngs (relative

react I cant anges 1 n
prOFiu@mesiscHahgm) fToede ahangds mhysﬂnc]utleluntmﬁtterﬂr(dldmreklﬁtpnce swings, for

wei,ght i ngs reI tive oduct cos nges). These o
xR P DBk ST RARATEL: aFege and Optmiver
ModWeB@8n wWodk r@es&m@h% aﬁf

pr gduct ion). 1 The Vi sual l?liz)ge’[re%%nﬁgl%ﬁ 'Ee{:fr?{miﬁe g 1¥¢ act1onr as well as to

perfast phst scheeaatepistik belmvemncadditipnal yntoptiniratien evbitivss gewkrated by the

action s to perfect
VAR STREY PR B RSoly e Seali g RS B of various
indegndént@nongRRarsaieds bythihte YAO suite may be used to
rove the design and/ or operational characteristics

100871 i cliSovsRdBisonTeRlizey towherbrnsy Opameza Vinbocs o deined 10
1ntJrﬁtg &J@P&aﬁa o'atlleﬁ/bré F&)&lﬁ %lé%ggg?oﬁg &ﬁ%{qhé ‘o fsAr{Qm C&{l be deployed in

es are o Inter

eltlﬁﬂﬁ paiahganndrior atfoll hthnhe. Bavdeiagipls th sadmbdiemMAConly the Visualizer
ystem can be depl oyed in either aﬁ_g/artl al manner or

Moflikes dgriagsd. I gpotasiaembediment, bfd 18 dwaﬁéﬁtando‘hmeglyaewodules are
oA SR SRV R0, BT OBl Mol

are doplpgdd. dinptrd1€B ieabdhiisrativin, shalvingod plidsed hﬁmwﬂhl ta ézrb improvement that

cary B 0 ST MPPBROCREON S e pASE AvRr dhctoTgersgo vith one

emﬂ)JH?ﬁ@lYtedmﬁkt prebidt ifRRLAE real i zed thr ough
|np emsnt at| on of the VAO system in accordance with

present invention. VAO SYSTEM

lOOﬁﬁCﬁﬁ %’ 55 49 gtla%erei&% [ Feflschi? AP uR QRO Rl i reggdance with

oncC&ABSHiABAL o Ofhet Hesddk esRAtion MVRNVAI syhif MEXISY 8 tRMber of agents
i ncl udes a nunber of agents defined to interface with

defmad it iertans wiyls vems fpsyssstaigios exempleyihe ¥4k wigtem includes MCS

o) L PR 0 20 PR IR AORR R RRL 504 DEf i, v
and%ﬁtrbbbgeﬁ@elﬂ()s d200&d deintortade tathi the MES2E0NbT thetfhle MESAMHS data
2004 of the fab, and AVHS data a&gnt s 2005 defined to

ageptsr20P$ delansgl tp interfeccaniisths do¥HS 2q0ge  thaofab 0019] The

o S e s TR b L VA BnBRT G R £2007 and 0 VA0

databash (DB) 2309, mmcn m@ugh aceéie DBoagientV 20 DR agéntt2081 of the VAO

VAO te al | VAO system archi tecture.
sysish PR e Do bl Pt ieseiegenpt 0TS 2 by ipuatier agents
201@9%&1&6@ Qéé)ts Q@ﬁ QRY 'OP?n%?zrer agend §O]270%1CH"5F€ Qi'&ﬁﬁécf—‘to implement the

defined to i npl enent the Visutalizer Nodul e, Analyzer
Visndihgt Modaled Agplyier Mg@lulﬁ[[ﬁ@d|C@t1m1@gp‘k§gdulv,gb§pecﬁv@y The various VAO

GUYS 5(51% geneAQed by the modules of the VAO system can be viewed at any number of

client terminals in accordance with client login privileges. A server 2021 can be used to
facilitate data communication between the various agents of the VAO system, the fab, and the
client terminals. This data communication can be conducted over essentially any type of data
communication network, including wired networks, wireless network, or a combination

thereof, and can be conducted using essentially any type of mutually understood data
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GUl's 2019 generated by the nodul es of the VAO system

can be viewed at any nunber of client termnals in
waewonence with client login privileges. A sePUBUSDORN34791

can be used to facilitate d}ta conmuni cat i on bet ween

t he vari ous agents of the VAO system the fab, and the

client. termn Thi s data communi cati on can be
CONUBHUEAIOBRTIOES essentl ally any type of data
[ooﬁﬂmgﬂe% isoR 1ﬁ§§t¥?ﬁ6ﬁ shbWin %y‘Me‘h@gf HRIWROKS stem, in accordance
relfess network, or a co |na ion thereof, and can be

witle omglerob@timest crfgh@p@ecmt ijehtrora ﬁyletdjzpbyuﬂentrnﬁEnghﬂe;ZB is essentially an

exgorst gie frehR i FRERbER siPis PRt iR ymeRe Tt VA ofke of Figure

2B ffEefMcludes éﬁ?&éﬁj ang andeéitr? 'égerﬁé'@@lg demkd mttéiﬁice with a dispatch
present invention. The depl oynent of Figure 2B

systems a@m af Ithe dab. eklsenshginecsin U@@@mrnge @haée di@@c pgdndsd 2025 are
deﬁlnu 1% r‘i:“tgr?gcde &vgh tfleg %ré%n%e%ﬁg/d% éJYQSIﬁ% 26@(9 %rfe(‘}}%%? Stocker

e Uaés™ agents

datdledd e&frdl ageritt @02 Rag: défired ao dmtsﬁada:huﬁy}sd S1oTI0 24steins 2028 of the
the fab. Al'so, engineering/ manufacturing database dat

fab g N Csdatpam! eqnaroliaganized)20rs fefEnrde antai4as wikfethe OHT Systems 2030
of t@{' gibker Héé}gé q&4 gﬁg%ﬁ’&dl %eﬁ@ﬁ@??%%zc%?%@d & 1n%4?i§acg @vtlth the conveyer

ta an ontrol Tagents are defi ned
sysﬂeﬁfs Q0B20€ this fab. The dataoaiiesonsryh bgumss Zﬂz&reﬁeﬁl’(&d tbahterface with the

toolI sﬁqtg)fnf cg)fglgroa;rg |;C g‘{qt@% %qﬁagygééﬂégég@ rogqc gq%; (c)ontrol agents 2035
are RN intd R R W Pﬂth@%ﬁlrfﬂ)‘nt eI AVRLB! € def i ned to

Interface wth e conveyer systens 2032 of the fab.
[002Hdl sitaddbanpbreanted ohat a@ﬁﬁ@ BB wr desigwed relk ¢ustomizable so as to

dnterface with th sta ers of :
satigfpreiBs CRHATET BHAM 5 FABRL D" AL SOl bRt A to work with
maifd 8iHeterd 4 saéienféﬁd‘aﬁﬁl%ds%%rﬂsmdﬁfaf)%% Md htérhRed 0Rlso, custom data

front end 2036 of the fab 0021] It should be
acquipitiosclagieredeanhe uike tABIdsgsst eustdmerapstifjinetpedd beese custom data

weBTTRARP A BR 0 T KPR b B PIG Pped van o

systéirisho BRRAYr dhitd 4RV & Protid@esondiol dRa sAdanGicqyisitiomtayer is comprised of a
dat abases, and interfaces. Al so, custom data

datzpegait $hatiismsedhirepeiuitariate am m exisrmal dpwss sich as a database, or the
u |
Mq%a§,‘é @g'%\gan,p@gwgye 6 & gﬂ) e THAGSE ﬁtt Q %h@%ma@a%g SddntrBlagent that

as custom ata and contr
is dafieodt 8 tilvathe dmbacduand by thh ditahgeytspronsss tlee dp henccdsstey, and route
and/ or provided control %?cl} ﬁﬁdat a acqw ition |

the i, g3 SR BHRISGORRCN A PR TR0 bt 6 defined by
hm@r@W@ Qnﬁ/)éf' ﬁfrﬂ@/hlbes Qyirﬁ)eco%%ﬂatﬁ‘)% tRerfldt ARASRver, O\Vlsuahzer GUIs

exanpl e. The data agent
of tte ¥ACApysicat eck Idyﬁlaadcmtbleocusagmmblcrim anserdiefisenesp tag to enable

custaguiad oo euaudig s dimrrlabdFoRafPARlve occ5® 1

[00ZBPTIRPV AR §/s8851sl RALEORD behtiNinglatine 86dhuhad dcORitoAYT1data from fab
can be defi'ned by hardware, software, and/or firnmware,

datpsowess drsatiohaeduan chhrgesdp thavbrhe deta sOuTgE oudhgiy é@ntGIJI systems. The
A f. d
VA nayslgﬁg%} q§§;¥i§§%{qnda {C Iéabl]%ﬁe RSC \;69 vp ﬁ} (f‘hlff?l;‘ﬂoa?]u\%\lﬁgéth d rtoaﬁ]ctlon For

exahﬁ)léjltﬁ@daweﬁ’cq%[bﬁhdiﬂwgfét&t & tCh;S‘dl?X?D é;smﬂ can be defined on independent
computing platforms separate from the fab resources, such that a operational disruption of the
VAO system does not interfere with ongoing fab operations. Additionally, the VAO system is
scalable in that modules and components of the VAO system can be distributed to operate in

parallel across as many computing platforms as necessary to meet VAO system performance
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[0022J The VAO systemis defined to be non-intrusive

such that acquisition of data fromfab data sources
wWQ@lo®e/10f024 r equi re changes to the fab data sourP€I/082009/034791

their control systens. The VAO systemis al so desi gned

to handle fail-over with m i mal inpact on production.

For exanple, the data acquisition |ayers of the VAO

feqély%@@ﬁ?/&aﬁs béltfef VALY sysieinn qogelsgsampevmbutcengbe upgraded without
t C t hat
AL SR SRRSO, A I LESONOA R At D i
requmingr § dnk WAOhsysregoishgrddah. Ep&he&mwajahe AJAOt $yeteal leyn also include
i | abl e in that nodul es and

t he VAO%%?t emis g/%a
TSR GRS C {HaRIkBC L) S TBAN AR EI9E 1T PEHPTIRCRd t O
[002BETRE & A BB 1@'deﬁﬁ&9§§ st%ﬁ: REhaSONRNE 38 RsadikQh With the fab

as necessary to neet VAO system
an%@ﬁf%ﬁmye@m@ﬂﬁqp@wdtthvoggmm theﬂ\f@o Fové@ngystigmne embodiment, the

VAT B dOBer Bhaie ot HREPEEReY A8 Egth dhieflaing vao

GUS agleRentd Paii R AR k- Yénle Fddd G@H lé'lélhé}ﬁs)a ﬁakﬂnlleté@q”o?y@eﬂgt%tmg metrics,
shutdown. Furthernore, the VAO system can al so include

parpiagigEselon paajyinst Felcylagns, eanfiguzdbion peeamsters,odi summang hisforical data
3 Al b def
ol 5, RS Ao SO OO BHRSE A 5L e o

VisublezeV AV sysit eeasortiepd Gyred giveh Gutg baystl dnhlﬂeffn@b usddby the given fab.
exanpl e, in_one enbodi nent, the VAO dat abase incl udes
Faby dafa trpollectediBY thenvasionndlataacawpitionlaysesrofahy Ve system. The collected

fab( %llygéf)ggte\éﬁq R/ vale B%eagﬁiﬁi lé?f? rbeg(ﬁgﬁafédegl @l-time through a

enen paraneters for cal
Vlspalummé}[élr Alf@rcustoalixedi repdrtc edncbid génemsd fioanthegfab afataostored in the
stori cal uch as

ar a ters, and s hi )
SCMOHRLE: Tt s oopss Huibe (ALK pusa conntesrate the
cus’éo%%rSGU?'Tl@ % VUGS Sdchnidies, disHalsi 2&E Wb SRcbe d)rbs)t/reamed XML,

custom zed for a given fab based on netrics useé
amcnrt&otgﬂeen fab. Fab data is collected by the various

t t | f th AO m The. .
10035 Pt iiaPids' SR 01 S Ruplbrg X eimes ) A ikiPuiiss Agents 2017
conddifle c@;brbﬁa W&@'@M&Qllérﬁnb&ﬁb Tmmm cOntedl1ed nYoRRhirds complex
QU . Also, custom zed reports can be generated from

algerithmicy stagistical, endios dpgimbashe aw\yyla af hoaseuireple detar Thg YAO system

has VAO stem
= ARUESTER el e R DL TSR g anaes e
cangdtcaﬁ)pasd tdNedquinéé alSditd] ThS VA sﬁsttérﬁaﬁadcahﬁl\d-lso ai¥eiRdheir own set of
ot hers. [0024] The Visualizer Agents 2013, Analyzer

algquybmesstolstisal dHdySeptamivkebasad shelyseosme: Bistiavelopmenioemironment
proﬁldycf\gs Rt &0 ltﬂeeﬁelr%g}fl "?rh VAQ) oR:Gent 1'518{11&1@ rfug?(gu nlgludes a remote

dl'es complex a statrstica
diapmsecs aipabijisi. Aled, thdﬂ & A0 @unﬂrﬁdbrfrad&ﬂmmtsadefﬂeé tMﬁQpare acquired fab

ste defined tq include a set of pre-defined
dataa{ %}eiﬁ%m UAPRAPYE  and rul e-based anal yses t hat

(0025 rt)\*i’ceoﬁjg@c veost the vaga qu&ﬁféltl(/ AP sdft v AlD §ys é% ﬁsyt%t}ﬁ'm'lde decision-

user can also create their own set of algor
malsn&tan@tcomml capalilyet, thosemigoadiraerelib doanpses falsipngluttidty and to

oY AP (M RITRS gRE RS FSrPREbSl st b v o
confr@ﬂ@é&swns at any number of levels of the fab automated control system. The VAO
system architecture is defined to link to customer-specific and site-specific fab infrastructure
systems. In one embodiment, selection of the linked systems is enabled through a
configuration system using configuration tools. Also, in one embodiment, the VAO system is

equipped with web-based capability and sufficient security requirements so as to provide a
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di agnostics capability. Al so, the VAO controller
nmodul e is defined to prepare acquired fab data for
woremelidyted and/ or sinul ati on. [0025] One obj ect PUBUST009/034791
the VAO Productivity Suite S} AO Systen) is to provide
deci si onmaki ng and control pability to the
conductoy fab to rrProve productivity and

Cﬁ‘%‘i&Fﬁ%ﬁO%ﬁ% 14 Lwgrot fe%tf‘?rdpultlp%ﬁkfaléﬁaﬁé t@@?h&é‘%“é’(ﬂ size of fabs and
dlsfaﬁé’ép WRhIBVABL iRQUsE, ea:cnd"vhé #n F@f&ﬁ%eﬂe tBHrF%C Pt etween locations, the
ev of “‘the fa au od'

deci sions at any nunber o el's omat
centrghtedo| cogynsandmand heoritdD plutformm proghlied eby uthe VeA@efysteal becomes
specific and site-specific fab

mcf"i%@?%’é’ﬁ?%?f?‘ﬁﬁ@é‘%%’{ﬂe In one enbodiment, sel ection

[0026] The VAOKedisy St Qﬁ‘ﬁnb@ 1§@Qh§ﬁ1e§1ﬁ§%§ﬁstamanner to enable fail-safe
confi gur ation systemusing configuration tools. Also

haridling 9é o&rswaiahrend falhlfﬁeeV‘stA@, gyitdéng lllsixeqlllq:cbp@dtsvurtfbnnats degraded

ol ol PRFE "EROL N ol b Satn iy ARz bl S5AriAR sygm is also

deftiRattd Propl@t forrupefade matabemb Wil sninifial G nBMES M@éover upgrades
size of fabs and di stances within fabs increase, and

are geackest with A9sabality to sgyngateothereh) apallingen rdlonding ohs praviuisly saved
cont rovi de

VAP S8 RS S0 A, SN PTIUEARY s e

progméfriing ch&26] ThEkerddéds sys be Micivad @@fapmfbﬁnhtﬁb&:redentlal ed users.

fficiently robust, manner to enable fail-safe
[003 2kt xé%;ysm pwandﬁam%?warfﬁ P tipd, én@v@ﬁgélermbncamaword control,
sucHriﬁﬁi%ﬁfee&tﬂu@PHEV% fﬁghér‘)%%fng/co &ar @\gﬁ% EP 83 MMer entities. Also, the
dwar e T al etc

oper ati on, O systémerror ar ures
VATheyswhDis yaqiablm mﬁm&dgsacbmgehﬂm ed exstipg oustoaedr ﬁmungpgnhadle for basic

s RETER i L [ UL T AOAOUST 1 MBOLBES. e o

diffeRaptifgs af igkroadid g Wite aabﬂﬁﬂalpw}extr&?e»ﬁqg c¥Ath V348 B users and
state. The VAO system can keep a record all login

to @tﬁtann\/acrqunan@d@lwnadﬁyeﬁle ﬁf/b@rsafﬁmh@ndiméguredheserrelate rule change

records can be r ately credenti al ed
andFSPleER s PRl R R BRTBP B BB pacomor ¢
[0028INT KOV AD NShtedi Bsh bk Qé@g@ﬁll?aéynﬂ%ﬁ&@d dvigP kg @b, s6U&Nto enable
that some entities have her vi ewi ng/ control

synhroyizpiéqyeyith arows tegks @cht&teéiswﬂbwmpusm@ spn@es yisthedab. Also, the
VA?Z 8’3r F}?Palneo otfe mgg#a?l?r @t%ffg&d%ltﬂb aﬁnﬁlgéll f} Q%lo SIF]%T% A%gystem can

asi Cc users em can

alscClﬁmdéf@lldd&dllﬁlodalﬁQMbﬁhémditlfpfeeﬁaB@itesJ evel s of scr een
ccess for different_classes of users. Also, a wit

IOO%&J. The Y AQrsyeemy issfsfinedeld bo harbyass ageoshiss & ogfer u‘§%¥1§ the VAO
Proémxvgg s%%ﬁ@ﬂéh grtS%Bératerﬁgfésfséﬁfbﬂbr'a}ﬁgh%ﬁkgof%% é/r%t &h as servers,

can configured to cor ate ru e and
netsorkeapplieh@sgandocliont segess. t Addeotadliynthel @AOe systdm m&’@'rmclude online

e VAO s st em can be tenporally synchronized
ma‘gﬂa? ’%W@BF%B p§ “4¥¥0 enabl e synchronization with
ooy(ﬂrmusm@ QGEmaS IREhad & invbitikeVRith QdstofRl & e§f%Hﬁ§ &2ES Nnterfaces,
fab. Also, the VAO system can be tenporally

such m §r\f19‘6e&owrwwoak\s &0 Bronpip,nW ok Serckm, Nh@cmcﬁ@ﬁw among
others nl"}%l \§'f(—:)\‘Obseys’c%rer}c is Qi%gnécp to 1n{é¥fagea \tve}h AR sme'l)llgtkrpg RT lf) mterfaces. The

VAO system is defined to interface with customer's existing MCS interfaces, such as Asyst,

Murata, Daifuku, among others. The VAO system can be EDA-compliant to enable station
control. The VAO system can be defined to provide equipment data interfaces for a number
of equipment types within the fab. The VAO system can be defined to provide facility and

web backbone interfaces. Additionally, the visualizer agents, analyzer agents, and optimizer
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[0029] The VAO systemis defined to be hardware
agnostic. In other words, the VAO Productivity Suite
WO g00daéi7eed to operate on essentially any typeP@f/US2009/034791
har dwar e, such as servers, q?tmork appl i ances, and
client systens. Additi onal ly, the VAO system may

i ne manu online help resources

SBRIRS YRS VAT PoLEine L okt iabls. T oreadhs Guiomner,ic. fab, can
devetbpl CiREm i e8XdxedrsbRs MEStHe YAk W

© Fg%t or er\gr Es Fats)308 Pr lgmvg 3 V\%?E‘& ?éeég% as;‘/Irég\ﬂe% for fab-specific
appnANBTAR anong others The VAO systemis defined to
'S existing RTD i nterfaces. The

; i interface with custoner's

[0031(] $ﬁé V%uMi:z%r |N%(ﬁﬂé §ﬁﬁfdes SHGRe Ogﬁteﬁs@l&f of Mér(ﬁle‘?all performance of the

Dai f uku, anmong others. The VAO system can

fabEBae YewplizasAdodude et otk tﬂwt jtatns eﬁﬁﬁrf’dﬂHSﬁw@teVA@lcludmg a view of

u d

carg Xfo&ﬁﬁacgcghgg gtP : ggcrtlgrﬁg 3}986 eatbl prﬁe?% Oysp\ggh%aﬁ%ﬁlfﬁb tHg Visualizer
Moﬂﬁlle préfided/AQuasntsdt &N dusliiboagdsd@h iGTe fdrth) MoP Widhetofiag ithh b¥rformance

and web_backbone interfaces. Additionally, the
metfics anPel ef [ geniding arvagw obthe sgeratiag fabnd

. he

(0038 LR SR SR Lol BUARE TRl Bhd BRSGARRor factory data
to nhem{z@efmammsymmzedfhexltL&pGSeomﬁtHeOVtsbehNA(Msdﬂﬂ& eésmagent&lace data

as.required for fab- s?em f| I i,cations. VI SUALI ZER

collgpitan ProgiamsRES!q HoReY e AR preppnision Hido\pegaagion of data
froﬁ%éﬁﬂ?a@&ﬁ&&@ég Wh%Wl%&ll%&%H&%%&W@&rfgp SRRGEn Bhd ERfing of “rules”

The Vi suali zer Modul e sho e status o
of tllhefab\M—'Blesglsmlemx(qludcl brdh rigisimessi mlesoflotcsizs mitiveigalues of products,

o PR o7 LT A oor i

too RUI® S¢hedllcd ISMARES p(rd)tfleﬁylaref Pfﬁ)tecf Md é@ﬁ‘l‘aie@r éteg ﬁ@f%s gathering
erformance metrics as wel or providing a view of

wilk ¢vo Nsrsrthe $ystent a@gre[s@f@sl.z]ougih énalmwl qulmlzawmmé as the data from the

cond uet s | ect Ldterin atio
fab 15, 4P P(ze a?ge tngeréram nta%tfe Yisudlizi the i 18?%) 82 éiatéif may identify

certbﬁﬁbéﬂe&lltﬁillciﬁﬁgé‘dbdlﬂhe fab oot rﬁdker@ﬂhg&enﬂ@i@r to achieve improved
col l ection prograns, but to inprove them by allow ng

peripraarastbassdomn WY lﬁllfi‘illé@frl\ét)‘ihﬂﬁ oBfulata fr om di sparate
[00§ﬂuﬁ?ee§/lsulp&]g\ﬂ{18ﬁ{ﬂl: i§ %E?W%I ? 0&5&%@@? €. alct%tl: %ftngglnreal-time

codin ese rules I nc
quabiot boxbtdﬂ;lanésfﬁb ridualzdtiont Fei zeample) sdrearerefimbiugsfopfthe various GUISs

pr.oduct relative priority of uction capacity
pro‘olésﬁg by @9&1’1@% ¥R Madute gans ey Pé‘b‘éii%éj A JFRAUCRqY grseakeﬁéwn one screen
refrEQlob& ghendeRaduliednt WlsEMzep%dﬁ'leD@ &l d%ﬁﬁec{ P YEEE for rapid

escal ated, etc.) Rules gathering w evol ve "as
transimensb)cst/mn Cbspigy ef sesioub lagghgean algysﬁrglnslm Japariest, ZGlinesa, Korean,

Gerfipi, BBural® SRR TFRGRE. SORSIArT SAUAGRE it IR peine. Transition
betw&‘ﬁmaﬁﬁ)ﬂs %gﬁ?eﬁl cAEPEEA DI biEHRNGSBore KHET bdtorkah VHM6Es modes of

changes in order to achieve inproved perfornmance based
opegatiophide WisnghirsrAdpdwp mayerevidpstill pictures and video feeds from select areas

of the fab. Also, the Visualizer Module may provide a control interface to various cameras in

the fab.
[0034] The Visualizer Module is defined to provide many GUI dashboard views of various

aspects of the fab and associated data. The GUIs generated by the Visualizer Module provide
an interface for navigation and commands. The Visualizer Module is capable of interfacing

with special sensor-laden travelers, such FOUPs on systems, alignment boxes, roaming
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[0033] The Visualizer Mddule is defined to provide

fast, i.e., real-tinme or near real-tine, quality
wa@omwvnaed72eaand fab visualization. For exanpl e, SPCEHES2009/034791

refreshes for the various Gﬁ%s provi ded by the

V'sualizer Modul e can be provided a frequency greater

han on cre refresh per one-half second. The
facwgeépaqt? e%}ﬁ BI'{]}Z@T Modglesly dgBrgdriadreidp pévihidashbeard ajswgof AMHS

and fo%@%ﬂatds%aggés"\%eﬂﬂe%ﬁ%qu}i f91[>< VR VS ie?r}g&ﬂﬁ? 3 dgqr%d to provide
Engl i sh, Japanese, I nese or ean,
GUl aleshtionat weweo s glitrem gnd igdqrirat fabpstalg;tlasrmeﬂgue(anﬂvanous forms such
%ﬁbu%%iq%.t kan5|t|on bet ween various |anguages can be
as IRHpELP Ty 12BlFE B#PShEfe GUI buttons. In various nodes
[0035] DREMAshfler tMBAME Si4akhZBle Wdhﬂ]ﬁllﬂgymfgeo\ﬂhﬂe s§t§ ' 1|nI performmg

pi ctures and video feeds from sel ect areas of
cormlzsitpns,t wendyi gudisprzerFavtsdamplemeptapsotsy msthxdang: servteracblhundred thousand

ronly b B R h e Lo BRPR okl b einil P edgepoitng of repors,

graplas m%radd\/dtl&wsmﬁfrm‘éﬂéﬂl OfdSvRRRE GYsteMb dubgdd 8P tIRNYAO system. The
associ ated data. The GJ s generated by the Visualizer

Visnpligsr M?ﬁué@/?%bea?pntwd@ fafler and fselgaty bad date Data filtering can be
perfogt o acg rﬁg&\?\?‘%/ lﬁlﬁgﬁﬁhh{se ﬁlg 580 a% 2 ? Qaneb {lagbged Sf%rclhuman check

Specl a or - en trave

andHDt#PmgoThs VWasuatiger Mbihga ﬁminchmé&sc}[]ﬂibaiﬁdﬁgé@ﬁhishi ol ture human
etc. The Visualizer Module is defined to _provide a
NP YAERHIHIEPTOP IS0 POSERNAG OB FopBRNLstiat (R faciHng é%scaésuffhélyl problem

res@Q GG Hé &%&gxeﬁ]gnéé Mﬂ«lﬂﬂ \%\xg)rut ?%ﬂ)ee cété ngf B%Q stopted bP/ tool, date,

prOV| shboar Vi e rrentcand histortca
problain, sndaesssmtlarﬂs/ apy efent@devanhindars.ous forns such as

ts,.qraph bl es s, etc 0035]. The
100§pi2 ey s e dtnc s s B e Perna e bR Up en aehred resources
such &k FOUPPEEARIE] RBLE RAKIS) @E& IpRsvishhigRd Mocﬁ{‘éj1§@éﬁn%d to pr0v1ded a
For exanple, data sets including several hundred

GUi-hesedamdchapion rfay doBinipeserisgeg . rulfsetoVbs wabliakto Madalie data types

acqiali?cg f | n@d of%ﬁ efl'rx] %‘?ﬁ%#%ﬂéuq? ggr meg g 9 thé'ag)glg erﬁ,@ltlple customer sites

andOstusiue® Wf erfabBnd/BOTDASERMB inTtidh O rﬁum&)lez(%ﬁfeﬁ%@kﬂgg heétkchies on fab
be controlled to filter and flag clearly b dat a.

clerpents speh ﬁ%faabrﬁgteclahldmg peaseoflaerd basiter), @mféa;tim dow, product, module,

ol 98 T PSS OB 5 OB PP AR o

outpnctructerea tigbhigtbasmctriee tnafab smodeling amd sifr@ldtioRasols.nput
regarding probl ens, observations, comment, etc., to

Fa di scussi on and problemresol ution. The

[00@"@ %g@ s Qﬂﬁqlaby EBRAnoR R ARy eBéh £8LAANE ?Fu&&ql and operational
sorted by tool, date, probleny and essentia

diffetchess. IrE(brdmamtconstdlccﬁﬁz hi¢raQ@B &k, rEhtioMisprabnd eclfnﬂ‘gnfhﬂioﬁ of each fab,
ef|n|t|on f shared

the PRt tatiod ol e EadpystegaP LB iBrlgBed & Qloegiing @ fab logic

moddle TNk SH 1bZi8 " mbd Uidentiffesdgl MBRichP sPetaxs ded ﬁtmbutes %1at will be
GUI - based nechani sm for defining/ capturing rules

mozifytd awl eantipded by shad¥Ay w]:ﬁ@s Taedfab tegic modeh is e bé amwded for use
by %ptﬁtc%{w:nl'slael dzlélguslybgl engmesers to bu1f"cfj mtegrr!l]tag Vlewsmo'I eptlag. Also, in the

Visualizer Module user interface, the icons for tools and their subcomponents are displayed
based on information in the fab logic model, i.e., fab data configuration model. This allows
VAQO system to provide in depth status and statistics updates at the tool subcomponent level.

Rules Engine
[0038] A rules engine, as provided in the VAO system, is a tool or application that allows
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and structures by enabling GJ -based definition of

mul tiple (overlapping) hierarchies on fab el enents,
waeowb/16e524 ab site, building, phase, floor, bayPCT/081009/034791

operation, flow, product, migul e, route, etc. The

Vi sual i zer Modul e is capabl e”of exporting and

[ rrPorti n varlleous [ nput and output structures throug
logieal comparisene ha qaRdIHR f%gdo caHEPIONFutRI IR taB%Iaé‘}alYﬁébThe rules
R JUaeleh 190cl93 Thehblis
engg?cté e ﬁ ot Vﬁr\ép hlaslée %%@trn‘g@t ﬁ?g@ﬁgﬁeg rZi'?f‘?glatlonshlps without
reqmpmg@m\omah oﬁ fflertenftesre grogremadeng tadedotht usert Thdrefore, "rules” can
i erar,chi.es, .rel atj nshl and c nfl uration of each
be plsgitl 4 GRplT BRAH 810t e O s esitsp PrRi A gineers, or
autémh@s EABHNE ftoshoerdee& 'aﬁgre&aﬁ@b tHaPGh& am%&uraﬂ&sﬂ‘gﬁband human
| ogi c nodel identifies the physical systens and
integfape ifeainres of iz VAIQ Isytiem repable sif el cinandcmtvasivieadie by non-software
en trpeerVAO system The fab logic nodel is to be provided
HHuse by applications and industrial engineers to

[00B9Y Jt ds expee@d Ak dules @B beferdabid tbaBeciibdB, deitdll élRmers' requirements.
Vi suali zer Modul e user interface, the icons for to

ol s

Rulgs greatediby and Betornstomsn areapfsrrad gpa%gl%eé KyyeeuRules intenal to the VAO
t "

ol TSR0 o) O TOARY o St e e e

VAsydept [t @pablasf aerdmﬁh’gtanﬂtprctsotu@t&é ®zdRulehand thelBlue Rules from

subco e | evel .. Rul s Engi n 0038]
each ﬁ&»%gp gﬁssyaeawwg%reli g lﬁ@tu%l%zéogv& @ﬁ% Iay bﬁ%t“% [t ¢he Blue Rules,
t { |
and®{ii dﬂi%@ R\ggssgl{rh?plgclagé gi‘é@tggg?ds}? of%cg&@% df'a@tggiﬁ @\ﬁﬁ;mé}a@ecpﬁules may

use lysis.
involyk esstemgi prepristagehforsxtion ape i thahmag eced el Ibno@dted A number of

det s G ERODS SraleuBtcBdp i iie> S Mabel o G Bnpget of the Red
Rul€® Cﬁ@le@foﬂe hghyusigthod THeLkRieor aufdrhﬁa@ﬁallyc BéhePRInda81c8Aefart of the fab

and i npl enented by users such as application
moéqigugrme(regs ipr,cduert endpvaleping, the rfata pigncamby peedrtg reduce the

be. appr eci.a t t. the architectural design
am%l% Eﬁfﬁgﬁrqqﬁ{rg rgatgé%et uf esule? t he VAO system enabl e
Mofftbrired mramnm@ﬁu@@mmcwmmy non-sof t ware
engi neers. [0039] It is expected that rules will be

[0040] 'ghlécfeqtgres pedhe Vastajigerg ple pipwidsselpr collection of metrics on the

B
timéyStaequitddafrorapre MCES: a:hd lowdtedlaiel trasdparti consolerd dbtmailon on tools,

are referred to as e Rules." The VAO syste
lotscafsh BATEEBH (1 %ﬁa@%ﬁlﬁn@o gﬁ&“ﬁ?‘é‘% aplorrted HEPRERPSFE) agdapiglots from

madif3€ o la'tiﬁ)n%{{:@%h gﬁt‘eﬁéseép hoRitbe br tééﬁ%t%)?’?st Eaftuo ?Hiredn‘? rtl&eé MES. The

intellectua pert I P) may be bui
Visklizes M(Eimtb d:etmeusBI mnereﬁiuduebhm;ncﬂedatzem estabilishl bhsabimes and trends, and

fact or -facto Cust oner, Red Rul es i nvol ve
thers G GRERT it R PG WL SO et may  need

Fabl @idbs CRrRELAE&[s A nunber of details obtained fromthe
confrguratiron tool or fab |O%IC nodel may form a

[0041jbisbt vidéo edrecrRagerre peoyideTios bethoical-tima yiseresehrstedf opnitoring as well
as sHs?g Igg&tod’rw%ﬁ' ttr?gng%%sl &6 rleclzélrdgl%r}grr ﬂer p g(':ke see, %P eal{atrnp?e the Traffic

Congestion Monitor). Applications that can be enhanced by way of the fab video camera

agents include tracking of traffic jams, tracking of stopped cars, and tracking of other error
conditions in the fab (depending on the number and location of cameras). The fab video
camera agents include a camera control and link agent, a camera GUI screen template agent,

and the agents and rules governing event-driven “triggering” of recording.
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nodel i ng process, i.e., as part of devel oping the fab

| ogi ¢ nodel, can be used to reduce the anount of
w@tdoones7eequired to create the Red Rul es. Moni PCY/USZPODO34791

Transport - Dependent Cycl e Ti [0040] This feature of

the Visualizer Mdule prOV|ag§ for collection of

netrics aon the transport-layer dependent portion of

TraffigGenggstion Recerd *ﬁg@_f&xbm&g%ﬁor mat i on on
[oo‘étﬁagﬁﬂﬁélégﬂzt@fgflﬁgﬁg t{ ﬁe’lggsqu t%ég? r%?% or{ tl&e fab to record and

latdr @ddyback ot fficafely (f@f Iﬁmﬁécspéridbll‘s of x| €lridgerifly’Sbf e We®iding can be
autonaied dlﬁggtches of product lots from manual or

dong n#Hatl ¥t & fi%lﬁ%a%% ORBREAGN r cyeNt Tikses fromgan analysis monitor
c

(B S8l A HEAEETINE ML EOnMO SRR, 73, Trompor

Traffie Sthsg Aaakysis rfemctwsmag aUrorenttodiagwent (fot emxkpla,rthg I Es$at oﬁa furnace,

C npr ov nts ab Vi de nera Agents
stofist.95 et ebrPHEBE BT a5 A £XI5PO GV Bl
[004SPA- tréd@dlﬁgeﬁge%@' g&kisH PRNidS" kY réb%rd’iﬁé' (B ?c%k&ﬁt efﬂ transport

event-driven triggers of recording f | at er play
inf@rswgion kboutgrglepiewithingememd, ioc eGoing gg(plreewldvmdp tagion of the fab over

s vfe" Bl aioth B T MruGO TR Moy o briepey an extomal

eveht afdw@eﬁtf E&t@ RREHe §BFedl foRMkrtahalgkis NAIsOf ruRis ek beEs§tMlished to set
conditions in the fab (depending on the nunber and

limjty e totalmernoiya e aennu of Egondingis 3vithae kv ea geried of time.
l,pcl I »
[Oﬂlggf Ag)q%{b%clg ?%% 8%13 gﬁ { Bé]rlles(af{]?s‘,?é og blefglglgﬁt; sr?aﬁdtgl%% lgge% replay” the

traffiovecsiting @vertictlr dysem. " Cohgele rardgrovided to allow the playback to be at
recording. Traffic Congestion Recordi ng and Pl ayb

ack
noryed Al groPagPeTdn sl pughhese alshr p@YE%ﬁlfp%ﬁ%htthe user can look for
a (33
e fRGHER dpeE B0t SIS loreS il 1 J1ER0RH (AR for triggers” for
recoidive, or'réporgger i ng" of the recordlng can be done
uatuy on a.sc ul.ed basis, or based on an "event"
0 3tio is nonitor (see, for exanple,
[OﬂhﬁFOﬁ\ﬁBéﬁﬁéﬁ add ?tfclﬂculs Qa@%ﬂﬁﬁﬁioﬁrﬁé\ﬁ@ﬁ fyoraé BgtaM?:Ql{hl%ug]‘P the AMHS
t Transport Traffic State Anal ysis function)
moﬁittmnmytnobbe suBeient( b glireetarepie, OHN@QSémémvemenaon the GUI screen.

For far nagee & %%\%%ié% Iong@;) rtlo ett?oag)ll’v]g It'lo goﬁféa A glepﬁgltnlggt a smgle YUV on the

GURQEek® BefuQy ittleOHNOEar 86 Behéhd GRMRERSSLME b arca displayed in the
transport information about payl oads wthin, entering,

GUdrscesent befgyean (QHY- pesiden ¢yl stalgh ghitpfacquiaitipmpasntar Ag solution for
rengg 0 1?191]c (It)ngp n%ﬂové eth@%ﬁ%éré(en ?&sed on, the available OHV
u gere an externa

posﬂﬂiﬂ o ségedata mm&ltttﬁﬁrélﬁeﬁd}aﬁ ddschibed baber Itaﬁadlm $k sinderstood that
Al so, rul.es can be establjshed to set limts on total
while thsr Jesciiptian hespings ppuidesk inr B spatexgel Qibhpesidonithe same position

mt&ﬁ&%ﬁ‘?&l Aetttdd Ban %9 gﬁé%ezdptopl)ﬁxp Afe- AGERhinke rtfdn rt dev1ces such as

es a user o I'cient security privi
conVewgs, ayil- guhled velatles (i{@&fa,candmu@nmuechgmdiademhuﬂgss(%é}w ), among others.

rovided to allow the playback to be a
[OOS:(?]nbver trans ort systems are used ?0 move rrPater}la? ungergomg the manufactunng

process (work in progress or WIP) between automated processing equipment and storage
locations in semiconductor fabrication plants (“fabs”) Plant operators have an interest in
maximizing the efficiency of material flow to reduce manufacturing cycle time and to keep
expensive processing equipment fully utilized. Since material flow is greatly affected by

factors like transport vehicle availability and traffic management, it is useful to be able to
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normal , slow, or fast speeds. Through the use of the

pl ayback agent, the user can | ook for trends to help
wele@®eneer4 r oot causes of the congestion, or foPCT/US2009/034791

addi tional ideas for "trigg Es” for recording or

reports. OHV Position Intergolation Met hod [ 0045] OHV
. pgsition and status data acquisition frequency, as
Vlsﬁ?gf'ya}*%ﬁort ﬂlﬁoﬁquhemgm%“wgitf%@owfsn%% thgy” move throughout the
facf.ficient to directly render OHV position/novement on

the GQUI screen. For exanple, a fab operator may not be
[004D) ©verbeddvElnales (OHIOS) manraiof cammiumighteonOithon didpetctAl controller

screen becaus he an trave). beyond the. scope of
(VeSS 365 Fot oL g8 i ey @B S gy traverse
netRe&d bf elsanthSkafwtsy Satct &€ diHEPMiOQbMcohs Alled routes. The car
solution for rendering of the OHV position/ novenent on

accpmala@yla epmeehitbdistaicons itHeavalpabiiabeis aHylapards withnbagendles placed

.St s.dat ui.si t.ion equen .S _described bel gw. .
iRl SRRt FRoPalibRh ThER RS TS RCRURTR FERRY exit from o
roultg fdedbpro fidk-@Y ipd Bk, | tnkifien GRBvext OBV OdYmads| thdMocatib®s where a

same position _interpolation nmethod can be applied to
chaggpét megionentedies tsr irnised- t Feneds diarriesey iberwede sepdsr st is capable of

. i |- qui ' iy : t :

reaf 4B e koot PR sy R TR i s

Pastihgnsipotédesylatedgeadratcsiapdvent amiveausat teical talindigatg ohiengppropriate
the manufacturing process (work in progress or W

P)
actigit FEEAUTSER HEHIE SHIBRGIRLSTONY Cysisphe HisTatg maagiag since the start of

ﬂwk@ﬁ@&jgyﬁﬂéﬁiseniconductor fabrication plants ("fabs")
Pl ant operators have an interest in maximzing the

[0048]f Eachedid Y Colfias mesuperivesioryf damain enaleding eoutesrantl acolleétmgy of cars that it

. cycle tinme and to keep,expensi ve processi.ng .equi pnent

s FPPnEE Frgotr T8y 68 AT RS APPAIou AS P BRI orRAR afe passed off

to 1B DEPY @ Gottie ettt Soilté HEMbima OFPAC s iM @hiafdatiggregate status and vehicle
availability and traffic nmanagenent, it is useful to

infdymatiph endeg i sassdr GHWEH{MQH Vihewhich ginplemeatsd SEMI Hs82omterface to a
transport cars as th nmove thr ut + t he. tor
Hop 6B & SRRLEH b ed et MR MGl SRRy vcs)

whl‘MltrﬂarﬁFéﬂ mRRtaheinspeniticdl Akl stoRyeshiggstenefbetiR fab’s Manufacturing

controller, OHVC) and periodically report position as

Exqendgn Bysdgre (MESa) network of rails. The railway system

[OOh% ﬁ%ﬁ?é \éfeg?galfeﬁt ?@Cﬂo?ﬁ]& iS g%&ﬁgedrtg%aﬁtate-raﬁ\pﬁ_ﬁtu and position
accumil ates & count of 1ts di stance as i travel s; Bt

collebitsre BliecAMIES Mdstonkeinpldyarncetesoplag edladpaagaits toopoll MOHVC,
the rail at key |ocations. Theze oca iong incl%de
maigiel gtorage/gtockrt ©Texilifier plgratar Ioliflr‘)e?n N> stonfrpilerk-apg stores the
| AN . i flofMeriodical
e e 12 2098 LG AL, Sl Al
fromahis idetsbaschad codiat toahspday ¢anabsitisn.dapabkmbodinreag dhanyMHS Monitor

t he barcod acards as, it passes and initiatin
ma, 16 SO i SR oRr SRt hooolel Bn, Shmple the AMHS
Moﬁit@cﬁfa? &ﬂgeﬁ@bﬂ%da@H@V%Biiti&E‘danGa&tﬁt@@ dilte &RFy t0seconds. In this
initiate the appropriate action. Encountering the

embkadimeanic abtoperatqry ntay nohbsdde thwllgivdhe pestiorealisuisivgle siraethe screen

becguys% tlgut: %Eut ce?ﬂc travel beyond the scope of the screen within the duration of a single
update. The OHV position interpolation method disclosed herein bridges the gap between
OHV position and status sampling instances. It should be understood that while the
description provided herein is in the context of OHV position, the same position interpolation
method can be applied to other route-constrained transport devices, such as conveyers, rail-

guided vehicles (RGV), and automated guided vehicles (AGV), among others.
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the route to be zeroed. [0048] Each OHVC has a

supervi sory domain including routes and a col |l ection
W@R00gaex24 hat it is nonitoring as each car traREr/E8209/034791

the route domain. Cars exitggg t he domain are passed

off to the OHVC for the adjacCent route domain. OHVCs

Lh an_area a gregate status and vehjcle_ informtion

(005PlEAchORVT Bes eRR/EBap NERVE)S MARi fER IPgAcBrRAYS i tepdo construct a
corfesﬁ&d'n{g & bag e&tﬁ.elﬁ%m%% shoSls&m exLl ant : oftﬁ?c%%ﬁ of bRESof objects for

tem| ab's Materi al System
a g(VRCYH Vehinah fikaniagerdmice with onea emb@bmeat ¢fothe gnebent invention. The

st esubss for he fab' s facturin
ma Bediro St S NES®) D00 s dRyG: dicHrh eQHNGgTnd cach
unc¥RA A adjSccRt OHVIE Gy t@atﬁ&%ms’ﬁ’ﬁahﬁt Poivit &3 MbdulelD to another

position col | ection. Moni t or enpl oys a series
OHMC Midaled) [Usirtei aanh a@énqtp@ntocf TpsmSIthN@rkIEas tor firad e1ther the starting

or %}%iﬁt{g? (feq/ ilfngt%kﬁr Othégg ruéé (4t ? ﬁglo gl?@k U So)n?}%}flte the position offset

bet®edH fhal poilt.alsase. thddeepovit® sﬁ{slﬁﬁﬂm ddi@mt, Ssuvghdtahe offset from each
position periodically fromthis dat abase and uses it
Cartesiagi coprdinate By thp adjingind mrodpls teserrestbodi nent, the AVHS
nj t I
Oog/ﬂeé usg{] ?@%g%glbeﬁ&? ?Q)(fjeg 6153%% l‘age%'tetd %rf%%gs %@%?&1 route find the start
andorthy psiaw] ded CHtepasiNddenobjed: Sbataash cmn@ueevaaﬂyp&nt Create a
seconds, In this enbodi nent, fab operators nay not be
Noggljoane@ionopisel £o1e cpdsrevienihat can straﬁgutlenc’a«’rtwsw tlipdes. Routes are
n yQn
dir o e Bl T P G IRERe 3R, shows an
exa@iile peisoft inbarcomicetedolodes, an avedrdentedwveh | s exnbreiiment of the present
brijdges the bet we osition an
imv Sty T o S PR EIecier o eBreptt maur SrbS B4R Py g aleorithm
for (BRIPIESE tHePdhoRBst Bt b&t@de 8 & pBinks Figurk NE GRMsEH e@fressmn of the
position, the sane position interpolation nethod
Dijksira dgorithpl, ire acqondane b withrangtembegiment aif rleaiprepent dpenntion. Figure 3D

oS amRE G0 SRS SR B DL BB sccond o
1ntéi’&d?ﬁ€§tecﬂ HO&R) inEaebrdahdéGritiasn® BRbodimchi bfthe Phgen@ipvértiod. Point #5
for each OHVC is read to construct a correspondi ng set

in Biguish}jldds sot Fitggrnedg Reshisndhan l%ﬁaﬁﬁp@mﬁ]gwrﬁﬁzﬁlreonthefnumber of
nocfaeécglﬁ g@freé-‘{we& %&%o{n?ﬁgeﬁyogéggﬁgnt?%/%tﬁp iﬂ 1 calsg of an OHV traveling

ance W th-one pr esent
fromiveltid edute, Thie casdis fiichemtf Whew ﬁmdmlgshﬂmdﬁestr;mth hieaheck is made for
j oi ned as fol  ows. For each OHVC, find each

the gasear me clieatiyy BuEHt firgyIREMPROVEREEHIMGCE Transit Poi nt
OOgﬂnﬁ%ﬁ# ﬁiﬁé\ﬂ?)%l £440 'ﬂgwaﬁf?ltuﬁ%e %%@QH k] n%leﬁ’f%ﬁtrlﬁe OHYV position

e pair o TransitPoint MarklD's to find
integpdligon hieeheslt dntdcngrdemceewithnone embddinee obfthe HgeRoutievention. At

e L2 IR0 D5 0 OB, SRy e

OHSR! DeLIASAY . D LhRpls lhe sRiéSat thd RGPy SRR SIia the followmg
coordinate in the adjacent nodule to correct. [0051]

infeyetatiof: |nterconnect ed nodes is then created as
foll OVO\B Fab erlerrelgﬁ:tQD o%ltle OHf\} n(ii', the start

o Fab element ID of the current area where the car is located,
e Fab element ID of the floor where the car is located,
e Fab element ID of the route where the car is located (which has links to the

line and arc route elements),
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and end points, and create a Node object for each

uni que end point. Create a NodeConnection object for
we2aw/1eoed e t hat can transition between nodes.PROUSEI/034791

are directional, so only i nabude transitions from

StartPoint to EndPoint. Figure 3B shows an exanpl e set

of interconnected nodes, in accordance with one

enbodieResiden phde ﬁﬁl@sbﬁﬁlatlvw@rthé siart OfH@ reate, of

i nt ercon ted nodes ren nt s |n to t he Edsger
Di j kst a § étl'ra%?ta{’lﬁm’}feg ﬁ%iﬁ'ﬁwtaﬁ HB aq\or ¢ est path
bet wean WWOarRQI 3Tt date/find U8 sBusSPANS tﬁQt f ﬁf&ﬁﬁi}%’sp&r%ftatus changes,

the Dijkstra algorithm in accordance wt
enbodi mewhergin tStﬁéuqarV@bJ@ﬂtmp}WentSwmg Ruguhetlamn@olmtlal Waiting,

27 SR, o PO T LSRR i

accor danRenitihf ho MekupmbediiBBNRudiing Re IOERNLocation, Loading from
invention, Point #5 in Figure 3D is not a true node

because Plikur Liogating, dinleadmsa o Prewaffsleocgtion. FrophePickup) Wait, To
nunber °§D113?do?§ WAR &iglﬁ?lgtgﬁg%_@(r& oi ning the segnents

t oget her traveling fromroute

[0063] OBIM positidri snd stats iis theh eglferdd. in\the blidrt Mhagidnb @olls web services
shortest path, a check is nade for the case of no
pergﬂdf@ﬁ Iy don 453y sisntless FTIFGPE f it Ay bapgsst dynyapdated vehicle positions

are[tgggx%;d Bhause asgat§ I'kﬂ)ﬁ’ﬁtu?e ef 41PWhdh L i Neytl IV’%@ a data structure
s e

temto | npl enent pOS|t|on|nterpoa
repnﬂmgoupdatad wdide danstensy tnhammedaambaﬂt}rmné eutrfboﬂhﬂent of the present
a VAO data collectio

invBERe ThelcPet hi Rinsh Mot s ot e o o HRichipor ppluding the

list € YouekdMer E&S\}ehic@é"% trdJREsR. Bl RS skl At é?(raﬁl@lé &ht£ B MALincluding
p Server with the followng information:

the disé g rrouted forf theheeh@HR/ te draverspain e¢aendamte NDtIobnd: lembodiment of the
uErent area where the car is | ocated, Fab el ement |ID
preggt INENtqty 0 where the car is |ocated. Fab el ement |D

[0084] Thee rigusiR TahRrFdIRidRainstahce %@t@@wﬁé’\hlfcﬁaﬂﬁi@rﬂog]dﬁéﬁ s list of

to the line and arc route el enents), Position of
Carfetitignande fbjogts tSoemmé, theara ne¥ sehple sutigply Eiat@/ givem the route

pos a?lg%ﬁg%nsgghac% dﬁ S&q‘?{nus va cﬁlggﬁ%thogtCa?ﬁgmoA?ar%B J%Césr is not empty, an
attedtpatisimadh anfed thenli Glom &E&hﬂ&ampletbeﬁositftﬁﬂ tUC{Be new sample position.

Starting up, Initializing, Initial Waitin
Thqqg%q%rgertgp{ko gontgps hgagred @l pp(}fé 5Oy 1t ggpprla@ncal to rebuild it for every

shoge§t ld{haéa'léﬁgatn(o\ﬁ\aintsteg&mc op O?&%?HJEH& Rk T &(ﬁg&i w1t¥1 temporary nodes

tion, Running to ocat | on;
replfe‘s@kmg thobat ¢ap positinh eadl thegeurenOray gnosxtlbn LIdmdtrem:tmnaEﬂyosmot strictly

e SR 8 o BP0y BT, o e
The RgbiX@nthiagMe- mddificd bl SRAHIRUhT WBR @8feY) FPRandle bidirectional route
segments (such as might be encountered in certain conveyer or RGV implementations).

[0055] Figure 3H shows as example network modification with temporary nodes, in
accordance with one embodiment of the present invention. As shown in Figure 3H, assuming
that the track direction is configured as (3)(5)(1)(2), there isn’t a choice of direction, thus
(8)(5)(1)(9) is implied. Since there is no branch point from start to end, Dijkstra would not
be used. The results from previous Dijkstra calculations are stored and used in preference
where possible. Supposing that the test above failed (i.e. there was a branch point between (8)
and (9) in Figure 3H), a check would be made for a previous calculation from (5) to (1). This

is possible because we know all routes are unidirectional. Therefore, it’s possible to back up
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periodically for new sanples, retrieving a list of any
changes. Any updated vehicle positions are reported
Whawk/103124 data structure. Figure 3F shows an BXEI§1089/034791

of a data structure reporti updat ed vehicle
positions, in accordance Wi one enbodi nent of the
present i nventi The client then popul ates the

by Q/%roeieefr%éh? £ P‘i’%*ﬂ‘%“ andpgdvancs: iy enaroste from) thelpiag poidion to get a
candidste Bkt faWLgs for the vehicle to traverse. Figure 3G

lhows an exanpl e data structure including the list of
[005@ uA dincl direst tlmaxpdeﬂelcmpéa}ted chr pasitieB,oni the aacar. danae cibbdiment, the

o o TR 08 RGP0 B phOSE oS o
tim&R1 3 E‘éc%hﬂ’@'f@? bdmSle) F8h Qfrrdn@iiRRSAdd ﬁfe§3dﬂ8u@at&bih%%§rent position

is enpty, then a new sanple is sinply stored given t
basedan ¢heptimict | Biris apl bd |®narbc/eter¢tfng0énr¢ughethp arayiod rCasPosmonSample
valdgsndT R e e RN Wt el 4 Paaiben He sample tmes
Theha Rl RinenPOtd: iifMhd Secbh® rO@WIiSARNaulR&d by MltigiIheBE @otal route

networ k contai ns hundreds of nodes, so it's not
distprogdwitbafragtionrefiihe ¢lapset timsr every shortest path

eyl at i on. S

oS Sh A 0 530 L OB AL bR gt 1 v
12:@RT0. POk fok) ristaide i eheaiite path foakargsls #Biioo meters The chent s display

Uni di rect| onality is not strictly necessary,
timesil@s0% fra2 ol )ézqq millisecgadierrf % p€ éhegp}aﬂ( gfn,eefor sample #3 has passed
|
and r}oﬂgl E gé giﬁ{’%% Fg;%:? gg%gkg e%%—éqﬁ?:‘géssg&) gﬁﬂhanﬁﬁg f)e calculated using
the bihelbr &ctforandd forcik egaegn®htm alegche asmpiltgdhtowepath Because the car
. encountered jn certajn conveyer,_or
isHl i oML a8 1150 50 POBSTT RAGHr o118 FE 1S detcayiggpithe color of the
{ h WiskdtidaP SRES &¥ith MERSitiohN Th
graﬂ%%:g@g len ?ngr\ntfa{nc@olﬁgteenbo |Ctrerlent of 1t he g)r%egg nt © correct status can
be ﬁonwdabu saarchmﬁgths PehweldStati2g Brie 28Ry fagbupdsiipn aatle he
S~cepfigured as (3)(5)(1)(2), there

rFection, thus (8)(5)(1)(9) is

[OOSS]‘pf Heeﬁinalﬁzéi* Qﬁodulf@ﬁﬁldssod’lthe iaan@ifrapeichire fpr@ti&d & the \dsualization
Dijkstra would not be used, The results from

Mo@rle\pmélpgo‘aﬁwsd%or@éﬁwﬁ and dedinigues &e Greate adexerg hypotheses of
pelrigr eg&ree ct%f 'il?e %Sﬁ rgln% de%ﬂpp(ﬁl' n@rhatl%%{‘ r\#&%let fel udes both basic

a
BovEsa5PY ereé was a bran

analy8ds, auntt a(995)84lelﬁroFngltd:tc% BBtday, ﬂnﬁhﬁa@ktdbt; whainteganeadec. f w weéll as more
previous calculation from (5) to (1). This is possible
conppeXaAnaly sHesUeh GHCHIACILY SERSBSAYEYE SiFfianfl el dpglifigation, etc. The analysis

msuTtEI geﬁér 8 byl the %nggégf Rb&ulk Qn%/alﬁﬁlcgt@%té?ﬁgl ?k%{ @r{l Hhents to the

po itron advance by one ‘route fro
Vlsﬂha‘frtphpsrs(fd)n oantpbe, ghtnges candlicdiatatn ©t @ilectaand agmdhat frequency). The

A8 Bt SE bl 5l BAE e SR B Rm RR R e and
ro@ﬁﬁltrgy asBBiatfa! rits S@ARARent be%oﬁﬁrﬁﬁﬂatﬁ)\ﬁ@ntAJﬂ@ﬂdirﬁﬁlemen‘ca‘uon of the
racts an arbitrary anmount of tine (15 seconds, fo

recamapmpled) fab radinstuente gan b rdonardanually, eakaubatoschestnaed through the
0 tcu1rrcanthc(l@gﬁ?lt| on based on the tine. This can be done
P21y § through the array of CarPositionSanple

[005% THRSAALYzdri MEdug i€ aum@EUiol Mentdly] &E4 PattdiRy ecléi@t to fab problems
tarfget time is between the sanple tinmes.

and/or fab performance deficiencies, and facilitate determination of corresponding root
causes. While analysis may include creation of new dashboard views (GUIs) and data
metrics, it should be understood that the analysis capability afforded by the Analyzer Module

includes provision of tools and techniques to create and explore hypotheses about
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Then, the current offset in the second route list is
calculated by nmultiplying the total route distance by

wa b@fiesres i on of the el apsed tinme. [0057] For BXEDR1089/034791
sanple # 1 is at 12:00: 00, ggnple #2 is at 12:00: 05
and sanple #3 is at 12:00:1 The total distance in
t.he route path for sanple #3 is 6 neters. The client'

perfrgisnes, fey Hesting. ﬂﬂwo@\r@b/zzr Mada| i§ definedi Mifhs disoraBectation that
o0 Ul B 95 SRR 3 R RIBEE B a i

as welorsindatgethe ancanevabes and ateads ofSthadalt teridbieseFathedy the importance of

mc{?g{tgpudllr%e&%[ygggtﬁwggxgg&nc{ﬁ124 ;{jnstpggtgqgn,stgg%a ag%)q% dlS ilgglgzgo increase
as faIBepe?ﬁﬁfmﬁﬁ&t HSproVdiCan@dds Bt FeMSind! @aﬁjgésnﬁsfat) hﬁc;f@i@ieﬁéy @hange from

t he graphlc so it's I nportant to mat ch hi stori cal
"ergr gomectint ko tdperapiosilirilenmpihencot.t ect status can be

OO SRR S P B SR e e e o

analiR aPRahnig&s, MBRdIrng fihbdsmBel fohe data infrastructure
provi ded in the Visualization Mdul e and provi des

addComparative doklysemdiffereines Qoeeen §gerdand "andl' explperieds, wherein

hyp theses of, performance aspects of the fab in nore
det ““ﬁﬁﬁ??ﬂﬁ&?@%@?gﬁéﬁﬁﬁe i ncl udes both basic

anaiaxsssszahﬁml;@%s ESdfieanRl Wirnaies by day, shift,
bay, tool, maintenance, etc., as well as nore conplex

an aDpB@‘glrssmrSeashcsa papllotzyorvelnslusesqpm‘h@sé caenedheks timelgoes on,
ual.ification,, The anal ysis results generated by
q ST gngﬁﬁﬁéfﬁﬁVbﬁﬁﬁﬁgite potential change
reqﬂhkqﬁﬁ&%mﬁﬁﬁhggp vi sual i zer phase (for exanple,
a

changes 1 n ta to collect and at what
OOﬁl]eAummhe) of AhdyZerdVlydde famboted @eidssceibpdbéreaftdr. The Analyzer Module

s SEAenyl LY 0 ORPOLE UL L o5l 30, OBt 2409, O PHIBASE making and
ana‘i}%f:so THE NGal XZQPMod@ﬁtly lso lABRh&IBPratil® G aAlbas&Ecreation and evaluation
r‘ecommende adj ust nents can 'be done manual ly, or

of glgebrbie r@irat:lhesinpmmdng deteugbr examdpt & kiZlatsi dedink doilegable a user to

ent g? g Thnseg]l % {eg n?ggﬁrappgqug%ép%ﬁl /cfajii?ori:sg radegff valtue functions

andP@dth WIBNEE @eémaé@nm@s theaiigdr fcag ictdaterdiRl SlRt aeiNaBRE fu@ftions. The
of correspondi ng root causes. Wile analysis may

savp ingtiensceaadei aseesedd hethedaertbeagh adremdoyicuesy | naﬁ &UI provided by

at it should be understood that the
the%m Zgﬁéﬁgg%ablllty af forded by the Anal yzer Modul e

[OOBZI]CRNE§S:apra(IEOI B¢ devaddpddowl mchidd Iirke i fpphsations Gueidecof the VAO
and. expl ore_hypot heses gbout erﬁﬁrnPnce for testing
Proghelivayayyige M hivodlvécr Mogrleih &apahis A mﬁ@taésuaééﬁ%&r?tsﬁets of rules to

enag aﬁccH%dt@cfrgfﬁZ@%éfr&?a@" CarYifs! @itid a@éb‘iidlﬂgdtg rik3led %rwlle%es Also, the

stribu vari abl es may S | npor tant
abilityde retdadeetegartdier edganley adnuesdardddnt endisobdf llogm Efndh)r specific rule

vari abl es. urth or.t e ders
secyRly PHimes: T fﬁﬁﬁ%ﬁﬁé&wnﬁsg S onidRARE DS Fgteks, and cnable
muwad @bk ﬁﬁevio%siyl i(a%a/ rh1® stdhS IBRSAnAzdr qbo&ﬁé Ea{ BBREBned to generate
I MpPr oves and as he renalnlng causes of

sormm@t[cfsm@seejfm})/hrdqagﬁ gelnputgm the fab logic model. The Analyzer Module is capable

of organizing and segregating rules according to fab site. For example, as multiple fab sites
are connected to the VAO system, there may be slightly different versions of rules for one
site versus another. Rules for use in the Analyzer Module can be developed and tested, and

then released for use by the customer.
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“error correction” to "operational rule inprovenent."

[ 0060] The Anal yzer Mdul e of the VAO system provi des
wa@2eantreed of di fferent types of anal ytical techeil/tsm®e9/034791

i ncl udi ng but not Iinited tg Cbnparative Anal yses:
differences bet ween "good" Rd "bad" tinme periods,

the t od b bl t B
OO@%] "rggcle ,r&ﬁ%yggrel\lgggqlp g%r'qlrv@’escfg]‘rn@(treaw\g(ﬁanr éfl‘a}peé%/ ge?r?ab‘les froarrsl Ieglstmg data sets

by %ﬂ%fng“ﬁltérg' &)Ir@egﬁ& mtloﬁﬂpéo%tﬁxlﬁé?foﬁs el gﬁl tatﬁ%%\aﬁﬁctlons The

oes on ation an
Anzblryaérﬂ‘de@le aamlbe Rctﬂiread(‘th pngedAfoalaysplay of 8G bin 2AimurRBr The speed of

nal zer at.ure descri hed hereafte
plashsk Ay S RBi T REHer MaTe SRR daac G5pe moiiiagency-space
ana%%'fg)‘"i‘%' %Gﬁelt ﬁféﬂysi%aen e%l@&?gattl QEt. Qﬁg 'A%ia%e%dﬂ& &be defined to
anal ysi s. Anal yzer dule is also defined

calpriate |fuhenezml| mbtalse duddr eemturofonamdesemahtt(aﬂlb racnvlt)ab@etbfcastmg (ABC),

etc&i&x? t Tf’zglr gﬁg@ﬂbng ﬂ)at éfingggtﬁte X tg d%t?ndagf‘%ed Tab performance and

diapRd3isd F?ﬁ@nbh@ eso alsgebralow n'ﬁhg@ipﬂﬁmsgme@tf'maaénnmgs of fabs. The
tradeo val ue functions and data wei ghting

ﬁnm@ﬁmgéb@ehmmg gan be asadster guadm suhsegiteat é@tgllgbwlyses and to measure
rer 3R GRS HORKIANE: S, o,

[OOBupTh@I esdxatwext Mo dARad mzies défebd! . anaB26 2affrt s/ @migedionOwithin the
be devel gped to include links to applications, outside
faboFort FanPAG ARbEERCEANIS PErESMed OnTh B RaRls7 WhengBy densily of a given

entfégg(%%l eF@UPgaWbtfé}’s nk:f}g) AR A Sc1s&LS . Pda BF”tﬁé f{étl? (e g., tool, route,

access contr thereto by various entit
1ntamacoomi| tmg floor, stues rpeasurelde@dsrecdxﬂab Thehteaféib Uhmtcyngezsnon analysis
g ete and/.or egﬁé ul es can be degen%gnt on fab o
Ca“c‘F%S ding P@&F’?‘a maiep e ISSYe Y AningR f} 159 Tdent \VHj he fab logic

moa_élearﬁnl%llééz (%IIM)%E& thé r%ﬁtb Qﬁ'%é %afﬁ@fa@&&%&:&lﬂn@nalyms including

changes, enabl € rol I'back to a previously saved
wamings, s&ralneecon?hgedbmthy 2/@$ualrmtmneM©éwe er wadénmgint qurrently displayed

ener | e i nkage to ut s othe
corf 1 B TRoREt ShARar s AP aere b aBae g ebifeed to he
OpfhgAlbE MEiuf e cHEIE @8@¢dtiod of ?k@sntaﬁa@mlﬂoﬁ@vltmn flrldab.
site. For exanmple, as nmultiple fab sites are connect

ed
[0063] The Avalgrey dule cambe eieﬁ’agd t?eld§$tifyrﬁpﬂ}ﬂéllluﬁﬁeé}0étﬂﬁﬂ“ks and bursts
n P8 BB RR S 5u0% St B Ve RS0 T008 Bia G, antr

prot &S tfdes. rﬂh&bdtha&ck@hﬁaswysﬁs}tanuﬁq:ebﬁbrﬁlb@ on user-deﬁned or pre-set time
custoner.[0063] The Anal yzer Mdul e provides fg é
scal6s 9 GRAPIGHRIGIATINRING SPTRBIOS I ASFRESS advagaiietsa [ e paalyger Module

cart nc4e¥ 39(9 td inbhi#driran g&frf ?c eﬁ@&tflé{%Eke Ana?Q%tH@fdé%\%kmg analysis

Ing statistl ncti ons zer
impravenhantd 8hee redlytzer Produledan be rdefinedetol ea’yluaife ldat balawesin the fab. For

e B S RO ADER St ASLSLERAS cars stoters
routds €8S Y arS BRGSze basis and in terms of variations and time scales. The Analyzer
Module can be defined to evaluate and convey operational "states” of the fab based on
functional analysis of variables. Definitions of states can be functions of hierarchical, blue,
and red rules. Some exemplary states may be chaotic fab, overloaded fab, or normal fab. The
fab state analysis can also identify phase changes to track when/how the fab moves from one
state to another. The Analyzer Module can be defined to operate various learning systems to
identify patterns and suggest modifications for improvement.

[0066] The Analyzer Module can be defined to export analysis results, including data and
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anal ysis, i.e., Fourier analysis, on a given data set.
The Anal yzer Modul e can be defined to calcul ate

WO 2ovanei7ad metrics such a return-on-invest nent PERROB009/034791
activity-based-costing (ABC& etc. The Anal yzer Modul e
can be defined to execute stgndardized fab performance

d di [ licati 1
coﬂat;:]lftniéllg?%}ggaé,istﬁS@E{Ft)%*{lna%?mlggrg{sr{srﬂs) %él%\svo%o?f@w?lwgﬂifgzd searches of data and
comp RSP THY ARILRESAbiNE RY a1 dRE pieele hhuMbef®f GUIs for conveying

subsequent detail ed anal yses and to neasure
daggenfl analysic eesultp movamestferms, sech, asteiao plasdoafoue plots, 3-D plots, and

coBE e BBP nE CETarn o PL PRI A A AR gAa B gerprints. The
AndlyLBi MddiR EaDbe Hefin®X &TPFRidecd R iy S8 Sof feaifg RRGT SFaPRf from data
on a tine scale, wherein a density of a given entity

acqessiple, thrqughs thenafigyadizerc Magplan The Analwesr Mpdule apresidgs GUI-based

dastéxtl?)gargig ?%r( ‘?}S‘g’éﬁﬁ %‘ﬁ oc'gH {ti?)}éf% gs’rua}'é gg %%ﬁtgccialgngpa}rﬁd?@&fﬂerfelclg %ra}’IS. Historical

fatj BRAIAGGL4H Qlsoabalpigyed Bavk. tThRCKnhlyp® MEtuly pesiides a GUI-based
nmonitor metrics, and i ssue warnings in accordance with

dashhearddpr WaBicelcwstiens- and ral es engine. Also, the

[Od@i :flllt tohie Umbddein b e td (An]aggéxc RRQGR! gﬁﬂld%g %Jnyg(bﬁportunistic Identifier,"
I'n uéﬁng war ni ngs, can be conveyed to the

whibhspralidzed semmiabbodhatie séaoch (BiMlerontgrisonsy voupdet With a powerful human-

. displayed, contexts. Also, the results _of the traffic .
mt?%?ﬁ%%‘ﬁb"é@t S I%f”én% b ects 3RY é(jegamtgd’etrﬂ%tem new variables for

i<t aBb & 3 ORn YDA fyd imulati ability.
i b o EE R P Re R B fu simulaton capabiliy
Suétnakiynéatidvbcphlelityawoldd atlewi predictian ¢ffentre fap datalbased on observed fab
eval yat e bottl enecks and. bursts in the fab e
degognd SRR bt S EaRaR o SRR an gtk i el on both observed
fatf [BASRRY Tpredii6di A9, dadD €4 QupPdrd cRE®iohl MARingTso, the fab simulation
bott1 eneck/ burst anal ysis can be performed on
capsbdity daf inabide Swhptrif anatyses ereinpuisglaad/of subspigier eules.

cal cul ation,and. co rison of averages and vari ations.

Ir e y gRgodt e defined to nonitor

[00G8R TSR Wati depeBdRAtmbdiordygeh@iuld p@vides raevorditg hwl feporting capability
tracki ng anal ysis i nprovenents. The Anal yzer Modul e

forc traffisecangrstivadeestevnthrafad. | Jhe tilaroagcstian Renifogyg module can
For he_J.0ad .anal ysi are: £

oy, ST, 15 QTR PR P LD SERERINBin o e

AddaisnaBy, taé erafficocongestavanagoringshsdudadar be tefimesl tofconsider the effect

variations and tinme _scales. The Analyz Modul.e can. be
of lase taels ongoBGEHIORITL A EP- Eoh GERIpARG TP B gonEstide BEnitggng module
calf:)g\?alllﬁzﬁp Wi cOtkeb i Ll ARen@ PR h YR \ﬁfen]\c/aal'iigﬁ-kﬂln%ﬁghput tool returns

nitions of states can be functions o
onhiheafear civitahanch buefterantbwregbenul es. Sone exenpl ary

[O(?égg&g -Sﬁﬂgll%%ggtgs? hargftilg] g%@%s@grz g%«le\g? gg qp%’gﬁ??ﬂ%é %ﬁ%gg%ab, the traffic
co%%@ﬁ&? %Jn@toﬁflr%%dm@ RANOW ddfRed ab iBBNMES daflQMBref@sdit/déreclations to

0 anot her. e Anal yzer Mbdul e can be defined to
congretion ecvealsi ueh |asapmi impesdiss ewafficoiamentst Joqhaeausesngnd/or early

oS P S APRL 02 L RE QU T 98T i o e

nofifi&dtlohs (whrilgy Oalagnsglad athendgmnd eRliest nbuficwioho bould arigger recording,
external progranms to allow for human-lgui ded sea
(S

h
or glptegatoalchrig BEEpAY | BEnYLOMAROTAGEN Y e FICMSRIY B 1y'by way of the
Opqﬁlgikﬁﬁ)% MGleE)O%IIgi% ghte Wen@iﬁl g Mhstsfigf erRpveyi ng

Traffic State Analysis Module

[0070] The traffic state analysis module can perform analyses to calculate Quality of Service
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data and analysis results in various fornms, such as

Pareto plots, contour plots, 3-D plots, and col or
W@L@YR0s7A so, "heat map" plots can be gener at eRCT/US2009/034791

store fab state fingerprint The Anal yzer Modul e can

be defined to provide a mﬁzg%d for creating nem;graphs

éﬁon1dat accessi bl e through the Visualizer Mdul
(Qoppdnstries (BRI NS %’%F%Rﬂndééh‘é@lb Bhéepedlg H%&fd%e far These QoS

c?‘@'aﬁ‘ e L%Q%%Q I’{H 1%4 dlrééicth? Wkl @(gj%egtldr@%nﬁ&@? module to start
ottl enec ays. Historical fab con I ons can %
recqmda@tbfﬁagﬂms The dreal y1zOptibaty l\/k)(#uimltaieaspraer@_ﬁvemsem to avoid an
r WP.c at i

advg%% BH‘I?@% fpndi ?%1nm§afj9l% ull;he%%ﬁf: étaI OOGaE%sésSmga{llle can also be defined to
perfo@%%ﬁtydéﬁ oF H@tehﬁ’iﬁﬁfg‘ ti"a!n%ort pMﬁé Qlli‘an%éé)i\ﬁ' tHeEaba

sem autonmati c search M conpari sons) coupled with a
OOEH\/\WMM |thén tradiei qqrnefvsfaan encmiighing impdategfogeses on 1ﬁ@mdy1mg qhe formation
sets. and .def n er si stent.yew varj abl es
of 7GR gadio o PRI Ah AP yDBE B - Ao el Bl By Plgrric e

analyBisPiedi1d ®ptakesSib Ml @fbre afRBint |1§s)des SUCPropose changes in behavior
simul ation capability would all ow prediction of future

(rulegipfdhe Bbyadmproys tpnagesi@nisipatipa For sxemmsutstha tpfig density of a

I f SES,
reeBfihAERRE Gy ¢ dRERing "BV RS B oGR ity sAISE operate
to ﬁhkﬂ) poEtert &C s 'O@nmmk il\mcgluleﬁxlss that tﬂaﬁsﬁoabto sinduhratigtothe affected region
bility can include. "what if ses.on |n uts

mi gl B Bmiteigabt i@ Mugher pTigHty 19ps it it eitsE r Biiedgr delayed
t t dul
(de%@fgl desﬁ%}ﬁ o?ﬁ@su‘nﬁ d“t&efonges 'On moni tori ng nodul e

recording and reporting capability for
E84 Eedift Momgongegtdeon events in the fab. The traffi c

ngestion nonitori.ng nodul anal nd re on..
1007875 BB AEHER FYPrHPTAR AEGH et BN (B PCT K AGroTEt B gfation from
the tMESf &l ofdld, tf’r&ﬁﬂhé yActlts/Q%lder ahd itfont ARISALY @Bol controller) from the
monitoring nodul e can be def |ned to consider the
Paseifve sisie. o’l‘hmsoméc»mmbon @b@ﬁ vcam@és b Hming fram t#labs\ctlwe side, and about

o SRR SIS PS50 TRALLE moina 1

pro@ideihgdi- leRéInaipidof trofds df@m[r@&tdﬂl’ﬂrbMEm&fvbﬁﬂ‘s such as:
mai nt enance or after a down event. [0069] In addition

t'o Biyster of ryesd rm’emeofif celinsusecasNeh RgadiapHardware, t Haknown, etc.)
th f t mn
def ?SHS(BEI% rﬁ?rat me %S?H Z@I]érg nr%eec B{rl ‘gor #g%slr;r?/gll&é 3 onggT? S on the event

con@esédueicy®itsts), such as an inpending traffic jam
As root causes and/or early precursors/correl ations

ar eParetarhydogliviehevehiddef i ¢ congestion monitoring nodul e

L e T R e
f-ecpa{rgﬂorlﬁ/ de@ﬁnelti%h%y e G’rohg BASESb1 oYy LhRipaHS, an@t i on

control élenments (possibly by way of the Opti m zati on
IodRdrefp tyolimetOfBag. t he i npendi ng congestion event.

[OO;S]a’HleI ?nf(?ltn%}tl%npérc]:%{l%gd an ggnl“lelreﬁed by the E84 event monitoring agent can be

used to track progress in E84-event reduction, and to identify key regions/tools for detailed
analysis and correction activities.

Advanced E84 Diagnostics Modules

[0074] The advanced E84 diagnostics modules provides a more intense combination of
software, hardware, and service activities to be applied to the more persistently troublesome

fab regions and/or tools identified by the E84 event monitoring agent, to reduce the error rate
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[0070] The traffic state anal ysis nodul e can perform
anal yses to calculate Quality of Service(QS) netrics
W@b@pael7es i zi ng congestion in the fab, or a speCI/UB109/034791
area of the fab. These QoS getrics can be used as
triggers to direct the trafffc congestion nonitoring
dule to_start recording traffic jans, or to direct

fo @t iR E¥rraledireot grusaapiste ipt Pife embedigient, othgyesivanced E84
; f
dia astﬁg\ég(‘ril %/Ss{ngfufrdn%gluf&ﬁe ,'lgcg%t ut of ngg@% ;;f}%é%v;fr%}g rh&?{léé for direct E84
para}hall)g& e®nftoring) ehé’lorrh nbmginanansbmmt bzlnﬂ%reodmang@&ns and FDIM tool-
t he . f ab. 50071 tggg traffl con estl on
MORRR {0 ¢ Slies HERS comer daid h§lafh@ashipssapf Bigsence and
pla@éme?ﬁ’ Bh$re ARERS hafdb AN And &FCGUFIEY f(éa‘?nérhllj)g§at§ uﬁgseﬂson results, the
E84 error rate increase, the traffic state analysis
advanehd &%é@gms@ss modillge nan sqggenstrseeq:lﬁh eofwerei g Juebvandests that may
opose nges in. behavior es) of .the fab to
resfi BPE5Een B st BRI Blast PN ot <o B opiripmd procedures
fortd'\xélfchhfg ﬂﬁ%éﬁ mdaly N64e@bndNSteRsREIINeRAdA floded ©Rlthe tools in
jamm ng" level, the traffic state analysis nodul e can
que@b@t ate to send an event to an Optim zer Mdule, so
rt to and through the affected region
R K NBRA 't ed only to higher priority jobs, wth
[0005§]hEhe JRATS afetidig neddukeets ﬂﬁ'ﬂfedutbepbrﬂfrmd&étaﬂ@ﬂmtemal tool throughput

E(Fe pendi ng on priori m or. destipation st at e% E84
anasEnNAVERPEENS HERAGORY Tl 7io) toghevantsy TR T Rpalyveis madyle can be

o514 ¢ BRI AEUIE G OILESL PR g fmaion

optirhiee M (fnd Hb) postucoviter )Fhé FIM bl Rassictieity solftwaréhias be used to

i nformati on about vvarnl e, Act.ive
congprielo Bhdoabgtt tobSpneyiat do Wadhscih oot feiih St pformation.
De{?e'ﬁ'afﬂgGBn ltRe fs'b@éﬁi& rlgolpﬁ&’?'sﬁ@clﬁé dRt£120f @1%115%’?@&1&1{%‘3 tlﬁ’mted physical

provide high-level analysis of trends of E84-rel
(hapivaié)edutevientos SGTSQUI?DIHSQUOHF’@IEBT]E I@fed@i/ﬁfnmsthbfabt )Ap]eRPT connection

L0 TR o M PRI PO YR e comcion

ageRBSa Mo b@ gefikHdse Ae@@roM dithehal UG Ah fEDE WERS Bnkd (to identify tool
events), Pareto by Delivery vehicle, Pareto by

statgzs ronéipe Py e naRTRIRNGS . foresmIplFOgm BPAaV et pr@aﬂp the ability to
stu%g?)dﬁtggsgaog?t ?pe%%%cg%?t I eg%en%[b}xté ?é/polrtg éon‘gggﬁg [nag}?/\g-go%ls (and as the

pro'gﬁfroﬁdvahwsnmanq)wwoed) and gener ated by the E84 event
rmnltorl n aent can be used to track progress in
‘ b g P Balg : “‘-"355"’ regi ons/ tool s

B P éﬂt%ﬁéc% aﬁ‘aﬁdwﬁﬁ%ﬁﬁé é"té defined to perf
mOZ@vTﬂ? gé E‘gﬁla Bagnostl cs Modul es % l&fé > ar?clcreIe © periorm
caldaBatioadi ag"nqseuacsamdﬂ)b/espmanm desolagmmpe tcml en:scdudmg analyses of

"bu%gpb/bggt |"ondq'queue reserve" or starvation protection against upstream events. The
operational bottleneck and WIP balance tracking agents are defined to combine transport,
tool, and MES data in selected operational areas and tool groups to understand line balance
and demands of “burst capacity” on tools, storage, buffering, and transport systems.

[0077] Operational queue size information can be gathered from MES (logical location of
lots) and from tool information (to properly handle lots in internal buffers of tools like
vertical furnaces). The queue sizes (measured in terms of carriers, of wafers, and of expected
process time) can then be analyzed by operation (process step), by tool group, by bay

(physical proximity). More advanced analyses can provide metrics that are weighted by
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software, hardware, and service activities to be
applied to the nore persistently troubl esone fab
W0 e@ooes2end/ or tools identified by the E84 evRei/US2009/034791
noni toring agent, to reduce the error rateand to aid
in E84-rel ated root cause aﬁglysis. I n one enbodi nent,

.t he advanced E84 dj agnostic nodul es include a
Cﬂ%@m Aet dh B the aigholeetor dastaatian Ardteeiofecritifaletopls), and by
. aral | . . _ N o '
DGERcP b A0 QD 80 0 SPTRLOFLP b eprcin
of saptaadport-quenedtlals énofoolsd 7Tiwae neesuranehts oadpotidedd dbeelop metrics

hi . Of, | t duri ng.
of FRFsrSr g distians BT ci Sienoppy ol Eroumukkorsition. Queue may
be tR8Hated. in thidhsaveRd B rsd| AYNRSEL &3 ar@&ufa@t%ﬂ g?{h n%sy"probabilistic

~ suggest spQC|fic_soffmare or hardware tests t
timeg ghitt cauld riedjuds liselihpod cofastgewistio evaus (swht ssmta] breakage, process

behavi pr, or changes jn operatignal procedures for
sto 3PP Rlynd i GRS sl £ B e BB B re df her words, the
unit 6Adegvay 18 "risR@edePR] "Sndt theddl9 WIFGuanfRYT Anal ysi s
Modul e [0075] The RPT analysis nodule is defined to
[0098} Popther aradisiereriermet e the opkratipnad bgksueckaaed YdPatande tracking
[ ' | ng, E I t | eve The RPT
Ty R T R R W L e
dowmirh&s OBRTbhrtREIugBSYt tholsgat hekkdaaddadikgacHing) folr @6RInstream tools and
information to optimze tool (and fab) productivity.
trangpart Fﬁ)ismn%Sooﬂm@éﬁh dbesev might sypvigsr wdicationse fs elpnges in storage or
: I r e t
wafROIEb. B PRATE IR pRRG it AR T S Tnbd BRI A be used as
inpspeoi @ptomizaoModnld dgeeit§ ifar dkingidorotivtel avting to églanceand to control
aniteqﬁgh%sical (hardware) detection or sensor
varghAR &L thedns nay be needed fromthe fab. An RPT
OPTOITECE NODRIGEELRORRES provided to gather the
detaiTed information fromthe tool. The RPT connection
[0039kehhe Oatimades Miybilelisfdefived taopmelei apginacidionioatpalts and controls (near-
._infor don.fromMES |links (to identify tool state as
timg i BT BPe] g B Gt e eR grdiof ASGimpT oy (45, Thus, the
OpAGeRt MYdVd fiefeinBe taBthally cdiros taYp HRidds 18 iBbroive fab performance
specific run, or generate reports conparing nultiple

basedinan (lvavledeet ldeapedgiraim dler atvedyzer niyladulsl éndeol §pm  independent

o EESAH 0 R ML OB T RS0 vt
aretadaptsble ando@int sandleesigeificaal) didfepait fpasbiet alegUivahdi@reProgramming

ueue sizes by operation, tool group, tool, including
anda pahgule substantipl BHVEsng Lt fs fdes. dpdomeg gabedimesktheOpfimizer Module
. Con. . . ¢ . )
e AL T M B, A B} LB EY M Brio” Bhed op "system-
leval encai@biing dfot exanapibi identifymgs'pbase,shifsdlin tterfdb bSddat@w, emergent
in.§$lected operational areas and tool groups to
behgyig stand |ine bal ance and denmands of "bur st
[008GPRCAddY(TorOf_ Y Stan &k @'0BERizabA faBploBhes YTDrideBned ebistraints and
systems. [0077] Operational queue size information can
balgnsegyathh ePpidmizeo iVI0ESE (i6 adioc adpabltec af inmmipflating (modifying, changing,

reacting to) fab controls in response to significant changes in product mix, product process

flow, tool count distributions, and market weightings (relative product cost changes). These
changes may include intermittent changes (short-term capacity price swings, for example) or
long-term changes (ramps in production). Additionally, the Optimizer Module is capable of
anticipating events.

[0081] The Optimizer Module is defined to optimize the factory as it exists. Therefore, the
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lots) and fromtool information (to properly handle
lots in internal buffers of tools |ike vertical

WO 09ae¥Eed . The queue sizes (measured in ter nsPOF/US2009/034791
carriers, of wafers, and of ﬁxpect ed process tinme) can
then be anal yzed by operati (process step), by tool

roup ba si cal pr oximty). Nbre advanced
Optlfnig %%g%ﬁy iﬂgja&nyd% GRBHTPHIAg 2 Pkbea o KaBicg i dkp fab to achieve some
ma?ﬁ‘&fm GhtRl fubhdtidnt Rako, 1§’on@yen{%%1rﬁén$ kogtﬁg-htz%onog ntrol can be manually
starvation for the nore critical tools and %y
validaiegdt emissted fafmet befotcoaiabling tfull @stoatatioufab i apginfivationheontrol by the

Ophxalhzer igg(ia%at ITgﬁéegcgrg g& @&F‘I?}%ﬁf ?12311%; Ie? g@{ggg set to operate in either a

su ﬁﬁ)%rr%&rﬁrﬁnﬁﬁlﬁct%rﬁ§@ed to develop netrics of "Queue
eserve" (insurance fromdown events) by tool group

[0082H Tlp Optimiiesn M@Jé@é drdedhéo sendoditest eanmandsetprﬁpe@ﬁc subsystems in

r r| hab urs, or a [i
e 86 65t Fan o el sasCion Bulebthac i 26 il prories,
red@bct &ﬂqhﬁglﬁg M%&t&s&ﬂ@&bl&&tﬁs@&b Brseatha @tinflL §OE@68ule is defined
sl owdown, human interference, etc.) and the matching

to inggeasy &y thierdD sysfe ﬁéﬁ Qusingizer Mﬁéule A$ elspfcapahde ef yaplementing a
By SR, R o S ARG e
be b&htekiemdqiananﬂth\é\w%nbai apmelztal’lalc kéchgiqagent serify tteir @ebéily prior to

to "Burst redictions (i | ances _in WP I veI caused
lmrﬂvn@%ﬁ@m@d%aéa%tMﬁ@QV%ﬁ thei @hﬂwﬁb {f isaseined ¢ raggrd use of the
o)
o e S P R Ao 2R PRty
the Qmmgeg Mpdgt ar @j’med to tcvtaxhsmih thenAeaszirmajuéeiof provifla bptlmlzatlon

ours to comne. ese indication n_be
ou S A OIS (B S TNa TR D BReNBGH 6 Reent SAFBATpakFHgor models
of OFdeCt i ve action to bal ance and to control variation
in the fab OPTI M ZER MODULE FEATURES [ 0079] The
TEM @APABéHI'HIESpr ovi de optim zation

00§gf/4§ %h (E,}’ael % r ﬁllglﬁts égﬁ gﬁ agents dt'hfitr eex%:psett " % a%las'ﬁe:ﬁntroq" interfaces

to thb M@)bhmﬂl?e&fthé\bm}ﬁ sftveted bﬂ@ﬁoﬁdﬁts@@l’(&ﬁhﬂ’l’@ﬂﬁ&tt\@ﬂy Suite enables
fab operations to inprove fab_ performance based on
the kB o BgePRyicaensd 19 r‘élﬁtpﬂthaK‘rmﬁ yrasdling dlipdictsn @) ovtatiqry frontroller-

t " t
Ba eﬁ‘@ﬁ’t@ﬁglg(g&lat%? %)“S\ﬁ% éﬁ%téreﬁ %{8 @Zgﬂ‘éﬁ\ggul?éé@eg ;‘%E&@ch. Each of
the ablapd- azbh@or&ﬂdipphcatlbamil (B:s&utg:ﬂl 1f1|n®care tdetaildieldverlesiiould be understood

robl em sets without re-programm ng _and w t hout
thal {hg ba¥E- mptl?léedv@rﬂpf Fﬁ@néfrenfme@&a SR dﬁ%nbéﬁﬂgép%%ﬁlons that can be

blRE tRhé Piazstyshgdul e i ncludes "l earning” systens that
erlapr opgge cf?an es in fab system behavi or based on

Virtwmy boahP@atsel " nmonitoring (for exarrpl e, identifying

h|f in the f n_new, rgent. .
100gBh 55 sPseb! BobBpaiy Sadirt b ieg IS Phyodb e sd gngons that uiize he
ma@Bhl KindBhd RAIRRRY Ramh&SerlionRresiediriad pfansdt ran B}Eaﬁnpﬁél df this is the

bal ances, the Optim zer Mdule is al so capabl e of

utilipgtippof hplad PYTts HOGITT § Stegker @ arfgplnlgad port (virtual load port). Although the

stocker is a product on its own and a semiconductor tool is a product on its own, exposing

control interfaces and data interfaces (via VAO agents) to the stocker robot, load port, and
conveyer, allows the tool station controller to control these mechanisms as an extension of
the tool. In this way, the number of load ports “seen” by the fab MES can be increased,
thereby increasing a tool’s buffering capability without the addition of mechanisms to the

tool. The load ports are “allocated” from the stocker for use by the tool.
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reacting to) fab controls in response to significant
changes in product m x, product process flow, tool
w@omatloxdest ri buti ons, and mar ket wei ghti ngs (rRCEHUB2009/034791
product cost changes). Thes changes may i ncl ude
intermttent changes (short:- ?erm capacity price
Iong term changes (ranps in
: o) Material, Cony I'the Optinizer Module is
[OOQgpﬁﬁbﬁepéorﬁeﬁt' tﬁét%’ébt'ﬂgs ﬁ(\@%ﬂ)ﬁ@b}{1 1RO8tiohhst dpt étﬁ' &htrol agents for
le is defined to optimze t factory as It
theen@tgtaé hatTdimgesB'@tlem is thae @i antorationbaul'extind” ¢ratp atwirggedbcations (such

o5 SETa ot R B8 Toafe o EhPS T stieh M o B BiEne system i

act@Ifyl FEbEstbePNin€® fHel 18b]. CRRIND Bn ABIdMALLY swalipsiat ek Qfaterlal handling is
tested offline before enabling full automatic fa

con@r@ilpqlrmztgp Yoty thest reatended 't thel @mnmopgpllwg@e@e "extended" tool station
conglgﬁ I%fv%ﬁlel}]angﬂt 9%%585% g)tfle sf'gp gﬁ"ecglé/ t%neagl? oft r(]ar ggﬁer than be directed

by tRAMCS[HAMES Ehaefpl ifExch rtod\}’tbchﬂ:ht&ml (S)ndﬁfld:rrtﬁﬁtrblﬁ 18£8flal movement
direct commands to specific subsystens in the fab., The

up o lMREnRAt dArP BOCkSTr é}éﬁne dtopb t@awl ugansfer paats dudhe gtocker robot
trarﬁ?@ﬂgéﬁgnp&ﬂe%dcﬁ(&el%ad p&did Sfkidg WP, changing ot

status or tool status, etc. so, the Opti m zer Modul e
SunesOﬁsterr’i@dld o interact wwth the RTD syst em The

er Modul e is al so capabl e of [nplenenting a
[00 n?ta\jgeéfex&?&ts’ioﬁi athiS FORCERh i H’L‘?e%reatfor‘?cpﬁa‘m?é Oé‘gi‘?‘i tools whereby

enh&d}ﬁﬁﬁtoﬁ%léqﬁﬁh lab B8y of FORBSAYSS and B9 SF I‘ﬁ@t@olg gy ofdlafbe merged
run on the various optimzation techni que

tog&thcn inyo & Heiper stuatsi’l toloybp |d1r©<rt Ctootrphpﬂ' 2ReMeaOl omOHIT fylsem between
f ab. reover s.defined to

the‘i’leé‘b?‘g?%ss%“e POt Cr?énpé%ﬁ 1rtr? Eré’P?SS Ir\{ﬁ)"t E)é ﬂﬂwéf?éssc Cg eFrE\Y] fgve to the next

pro6¥&e Istepl WRh&t ihlde cARél Woathe MESEAIINhE WEStral dispatch software. Rather
Additionally, the Optimzer Mdule is defined to

thag @ubz@quopmeth@a]Aﬁlgpa}czlgﬁo delguniac twhiph dedlde go to, an “auction” based

dlsp (o Iem W%% d)lg)eb LI Bug]ss Hgn&&g% %p?b ?Qgcatlé d?llﬁentatlon of this kind

rea ase vance I ons a

of ﬁiﬁdﬂhﬁorﬂﬁ:aﬁ kefeftakly Afduktd |tMol%Q1§YSIEM@AWlHekéﬂyE$ducmg the
[ 0083] Thr %?gh t he devel oprrent of VAO agents th
00“&1%%9 oM’ digprich Bompvadirfab.nTdrqughayt b%W?%twégha%re clustered

wmg & Ol AMS R sinar esﬂﬁﬁg@%gﬁulé BE YA antlc Patlon of material

uct|V|ty Suite ena ow ng applica
needy, avd theiaverMedarfiMES Haddpatol tMUY 6d sqnvE)/orStcmlmmncatlons would be

ehn%ggt}eéo' %{5{%&?%?%% Eﬂe{lrdlc:%gg Qt‘é{agﬁ £R ﬁ.lsoé%g{;pdgfiutfs)hgﬁ cluster tools

cap%{ﬁﬁé‘s iheRsde ap@iceations is described in nore
tail below It should be understood that the

ME@QM applications represent a small nunber

o0, R34 05 b B P REBAEHa 4 54 EBLE: e smer
cluf¥r covibdpt dadcribBd Abiet DigfatdhrddiiChe iIRxHRADYANS ahidi” process whereby
the lilct)tl (l)fl v%aefegsh\sfould request “bids” of transfer times in an auction from all available or
nearly available “tools” of a given type and the lowest (time) bidder would receive the lot.
“Hot” lots would be able to put their lots up for auction first. The bid time would be a
computed value including time until the loadport becomes available (in anticipation of a lot
completion) and transfer time to the tool (stocker robot transfer time(s) + any applicable OHT

or conveyor transport time). Prior to a bid being submitted, the status of tools, load ports,

conveyor routes or OHT routes would be checked so that any subsystem failures would be
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mat eri al handl i ng hardware as an extension of the

current product. An exanple of this is the utilization
wW@toobped2ports within a stocker as a tool | oadP@DU82009/034791

(virtual |oad port). Althougz the stocker is a product

on its own and a sem conductor tool is a product on

deqlmvish et (. o MADAYEN P iop Pt b pe et igaglosest ol
(10@9§ttmov%rign@9ﬁy 8Y #rou gh%uﬂdrb% %p‘?i‘fﬂlze%lt 8L Pors N Iklgﬂehglrmovement

to control these nechani sns as ext ensi on of
wotilblohot Henpriekilanngd yor btalsml nmrmbedatod inforohtpar bst detemnhed Py the latest

rea e gl g EedoRIT £ i AR e oS < on o

VAtEGhagi sns to the tooI The | oad ports are "all ocated"
fromthe stocker for use by the tool.Station
[00@8hftg@re|8e0r 1 Akdeshova e aringier @cﬁrﬁpre@nsl{o@oe%}/ammb‘is generated by the

VACORSER B R TR RORRL e B AP Ao o

undebddod tal trRUGUMAEROWh TARiguastend 24 4t Qxéﬁqﬁlaﬁgg@nd do not represent a
| ocations (such as stockers and even anot her tool’

complgle pbitgenestien cepahilitynel Mgt ¥AQusyHendEasly o ke &Hi gxamples of
Figffds e Lh ¥4 a%ﬁgfgﬁ&scﬁﬂ%%eﬁw tool. Froman automation

st andpoi nt e material handling is controlled
[0089) Flrgefeys Py shdves e fitexisedlthed GUIpol agbedanon withndneadnhterdément of the

preg%hﬁ?f%ﬁ@% eﬂgeegw i ‘H%e?é%'a TR %r@y g%tclﬁmf&fiﬁsee A0fber of control
butlodb IT@J cotn%nm%%p@hfti%ﬁto?%éofmﬁl hep F%QVHMED%1§ Y61 %{%ieslcﬁiangmg of

each tool's station controller controls materi al
the rtavle/igeaph dlﬁplaysl toadirioos tfornmtsafwtanalyeus., Théddrop*doyal ntepu 103 enables

tra nt t he st er robot . )
scliehianef &Py F £0m OHATY OEREMPYAY FORYIS% Sesige R particular floor
of BeRLlecfusb erheT 8RIpSddWIPBRhu Aol amaBles SXEATRI &Ma 9Ertfrcma§ phase, i.e.,
concept is the creation of super cluster tools whereby

secHenyiof dhelsrdeaded flool of theetieeied &bbgiae @ﬂtten be smablesdpgglingabetween a
side a\/¥ew an ! rfpgﬁz 0?%1% );glacr:]teg i’ il t r oflg %fe} IK] 85W1|1 NP 111 enables

super 0ol | rec a conveyor

seldtiofdoT aSy;SeI &aiggiyetie séetted $4b 6@t TRS botsh 11(301|s an on/off toggle for
co Ietesits rocess the |l ot of wafers can di
the gipgkers ont the displayed i 8oy Jhe huiipn hbuts erhelé/reffetﬁgglerfor the lifters on
cant:
e LR R0 Ao BB 0 L VA L ipe
fab\ﬂvoc.hrlteolmittohol 1§as tan ,onaiff togglet fioe Itﬂe OHYerbudissypathe ldésplayed fab floor.

woul d be utiliz e the next concept e.scal e
Thg %tognléﬁtl%\@e wogftoeaﬁe bor @eqlga%faomrbwgﬂl%pﬂ#yeyﬁa floor.

[009{)1]‘?195 EMBLAOWEANES 19'3‘9611519@% cGRIAo a‘Etléné’\@Icﬁrasf@tfoutlng material or
edu0| ng the conplexities of MES dispatch im a

modvdyieg af @BpatCThplanl gHipudropetowmemenwdl s enitdes mi@:tloh udtvariegs fab data

crafR Wl B R85 3 PRl 7 SbBAS a6l FRAS NP Settea
flodtvay Biradh af tMESUIO THE Shiabed 109 dMelSied %s@aﬁfﬂé&ﬁﬁ@i translation from one
comruni cations woul d be elimnated. Stocker storage

langysge tp @pothen: gk fsemrfa”xgéslt tnJapaBeseheiceyded The fipld 131 shows a data
andctllrlr'llg’tcg stp%&lii%g %ﬂ?ﬁ tlatlu o?%heusc'elen&edt Et% FETE as'dn stp‘learyfeg G§The GUI. The
interactive map 133 represents the fab by floor (F1, F2, F3, F4, F5) and by phase (P1, P2,
P3). Selection of a row or block in the interactive map 133 will cause that section (floor and
phase) of the fab to be displayed in the GUIL. The GUI further includes a display region 145 in
which a live schematic/diagram of the selected portion of the fab is displayed.

[0091] The GUI further includes a lower window 134 in which fab data 147 is displayed in
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"Auction" Based Dispatch [0087] This concept could be

applied across the full fab, in a bay of a fab, or in
w0 b@9/1eIper " cl uster concept descri bed above. BXBHP810091034791

coul d be handl ed by an "aucEg process wher eby t he

| ot of wafers would request bi ds" of transfer tines

nactlonfroma able or nearly avail abl e

ayai
cithef (i Teym g grplialiop. Tal?ﬁdi"ftFPél 1 ovnsbles pEGrey tpthgdde'S data of the
Bl 5 8 08 11 bt SR 10BN on 157
cauaescmﬁmataed) bcakwderedahUdbtdgf fqrmemuiﬂnbubwemmm’«»ad pd4.tSelection of the

s avail (in anti atl a.lo .
oot Pt the ke i e afered b eteBhEHeordn e ftsgapindow 134. The
butfoRDAl deh&nes BibldsioTedcSthb Hatny a‘%@@rl Wl‘ﬁé@&lv erlg'gﬁt% 143 generates graphs
conveyor transport time). Prior to a bid being
of thalfeh datedn atiew windows Tb¢ Glolotlsg prayides poroos) fupotierefasrzooming into
cked so that any

and 0&%85@[ gxﬁ? %Sll-glo“?leg %?pgasbregeoéll With in real-tine.

[0092}t Bighie 4.DisBoweh hesmed irdiisRadfahe Wdal 14beis RBNERd iR tHNGUT of Figure
cl osest tool (lowest nmove tinme bid) so throughput

4. 1,8 @repraancs prifhenecsnbodiaaen o Hie rIpseRht@entian. FippehdAtshows a window
gen@ﬁréddmnl%gpop@e Bor ?e'l%tlﬂg%%ﬂ 44?%5 %ﬂ %@I%lftFlgl?r'é Qldl 1n accordance with

mat’ion [Tat est®real -
onel difitaydivatit@f the prredno énvicatbis Eagldemm sitoval thé Giﬁ&ff&hgure 4.1 following
stens, VAO GJl s [0088], Figures 4.1-4.24 show a
seleﬁﬁ% of Ut buiions L3% HBascoytance, Wil sonaqrrsbosgﬂw 2 dhe pyeseHeinvention.

Flgl\/tﬁql §Yshb®9 thl " 8&{/1@%%3\;%1 ag » un il ooge%}%ﬁhts Of the lower

e present invention
winlbe 134 sf §tawwn 4idn ifriageordmicy. mxm oRd eanbedenaatif dhy peasent invention.

Figtie RehORD Sy SEEN, EREREDM FREVED CeNELUG Argpabe CUI of
Flgﬂrelf-t 4. dlaceb@alkiecivait éﬁle@ﬁfd’d&rﬁ@ﬁ o7 %é}%seh%@@ﬂtm%‘ gures

.1 shows a fab visualizer GQU, in accordance with one
[OO%H‘daguwelnT shyfwstthe G of Erguré A ntlpwing sTieetiaaLf thestcanéoor (F2) of

to nu _bar. 102 t |nc udsanrrber Qf contr ol
the g B ABE B RS PR 1y v HEEBRE o REY oot B the presen
invéltidn: wmh@ﬂuc/a&yaeﬂ apihe Se€di@NWor gF:@)foﬂthe fatbalkglsﬁbxgﬁ apthe display
di splays to various formats for anal ysis.

regign dyS doskrenehishawsthe datbview efdigerei‘on With 166%1&‘%@'11%9%@16 routes that
are 1r‘lagrixl Cu(ﬁn%ﬁ ?{ﬁteggﬁ\%] glcé'e theél?ebérﬁg‘%cﬁ cht{ dt E?%ef?t invention. For

exaﬁ@lﬁ,l rdfdg 2@nahtiagifiedlaebeingin od abngp@nt stael IﬁgurﬁM&Sﬁhows a snapshot of
section, of the selected floor of the sel ected

the {Gif] Of faiied briakenoPARBFES] 1¢ko g Ithen §uiiat Webningacspglance with one

emb d‘ﬁWe Q)qlt r}%‘@&nyhﬁg\ﬁtﬁﬁ the selected fab floor. The
rop 1 enabl es sel ection of a type of

[OO%ISEJQW 40]‘0 shoevsshd &tiled Halve # lootlowiltgeselrgtiomnf thtJifttsfloor (FS) of

o B3P B B 525, Byt L ARGSE GRe s
invéddtfoheThe @(Fhe?rﬁﬁcﬂia?g«hﬁ)b?@hé‘ ahnhfAReN(Fs)Toethb Ut W‘sﬁe% irSthe display

an on/of f toggle r the et}w pment on the displayed
regrbaki4f5| bigure frﬁé sbows dhe @l@ q flawedhl(bfcﬂloox@@@ seledtom afhtbe Japanese

language IEutltlon ‘?2%1 1%1 Ql%codrag’ ce %ylﬁadoﬁeagm{)o& ment of the present invention. Figure

4.12 shows the GUI of Figure 4.10 following selection of phase 1 (P1) on the fifth floor (F5)
of the fab, through selections in the drop-down menus 107 and 105, respectively, in
accordance with one embodiment of the present invention. The fab view in the display region
145 shows the cars 207 moving along the routes of the fab. It should be appreciated that a

subset of the cars in Figure 4.12 are identified by the reference number 207 to avoid
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The button 121 is an on/off toggle for the |oad ports

on the displayed fab floor. [0090] The drop-down nenu
wWQaA2898014 es control of actions such as re-r oukCHES2009/034791

material or nodifying a di sggtch pl an. The drop-down

menu 125 enabl es sel ecti on various fab data charts

for display/analysis. The button 127 enabl es capturing
obsgpring didi@Fot of the selected fab floor as shown in
OObnggﬂe 4-@ Q%ttﬁg% 2S¢ F pf! 2510' Wb ant mgl"?te in the displayed

tr l"ation romone angu eto anot her, e. mF
porEng loif $tie fab gtayrednes.cthereby eﬂa&ﬂmgaeasﬁh eieﬁuﬁ&aﬂloih&f r&hmMSmal items, in

accg a@&c? g(gt ]Eolégeqn]?%glgrg %gdéepgxgt?%gtlg\?p@lhgt Igjxgglq-}p@ understood that the

Varilé)‘zﬁfs le;ﬁg@tﬂlgrﬁ agég);%néc:fgd gf;&% stﬂe@lgz Ak Fg%{ e bt é)gtg igll(l)t}]tles in the fab
codefl ba cotow Birerdfor kn & nolbheerismn ef Ergura/@ lfmbe ﬁ%gmybdl out entities in the

cause that secio. fl ogr, .an has of the fab be
Fab g & gy BE TR hE TGP, e BT RS R SIS GErRBongine 1 hei status.
ForddSefiW el [REpSBs ]tﬂésnbﬁlnMMdI Rnfitidd MahS ghgHaLd Gérgbﬁgﬁ'mure 4.13 are
of the selected portion of the fab is di spl ayed.
idepdidstly rﬁf@er&glnumralﬁéﬁ i ncI udes a | ower w ndow 134 in

10085 Byt Re R B IE I BB 4G b Tlteon, ora
liftérhen i d)@tcﬂslﬂzfyeﬂfiﬁ‘o f)@lbloﬁofn GRORKA¢d WithdA€ embodiment of the present
t abl es/?eéaphs in the | ower wi ndow 134, Sel ection of

invenfony Selestion 8f thealidesentipe ing feadispiaysd fob mesiaytriggers a popup menu
22 S BBl hRY AR o5 SRR e Mo o

thefseremeﬂmﬁdﬂeFllgoweét 1 vshalosmht33UT ofi €idune #di0 ﬂ)ﬂ&wg@ﬂﬁﬂatles l.e., user
tabl e t he fab d new.wi ndow. The button 3 ..
iﬁégolganabh@ the H’éy?dagldeQF%OT}’ S CReings RUBARe pilpodiment of
iR PeRIoR VS dESiof of ARTOb MGG BithE Blsp BYQIMTBD ok L3 Bek
thegt%se%fl ?%Igl ga% asloshovvn in the§L di spl aS§ ?eglaogJ 145. rig8éts a popup
me0 Q3R whitlypogidéds 2 sslhaulsle apzaofre disphrywigehe afarrh hestay dar the selected
49 as selected in the GU of Figure 4.1, in
ccordance with one enbodi nent of the present

[00bAVERLION1 6 Elhcg)%r Be 63 @mg&ea W RAeWwirReReaded. o, iser click-on, of a
response to sel ecting button 141 in the GU of Fi gure

stoket entity imtheohstdaned fob portioncinaspuydinre n’flﬂmnet mbqﬁm@@émf the present

1nv?12c \%I 1%& ion ?1gtzlr I%g)ﬁkd' esnt% Wigrbtthh QU %Jaj?fgg fab Cor%%ﬁsc% popup menu
23 wmﬁbmavﬂeb@awﬁaﬂé optiork ter isEs@ENS theﬂﬂﬁﬁi hl@ﬂdry, fh@jobounts, or the
4.5 shows the drop-down nenus associated with each of

stoghtee igfoapaidon fon He sebwead Siopkrswlimue dfl TFpiiyse aqwipdoyngenerated in
resPonse @&8&“@ 1IhQ sp&ge cﬂr&“aﬂgﬁ] Bn 'irb ﬂlegélcg)%g eam 231 in the GUI of
ron. Figure

{oo

nven W hdow
Fighesp D) se atordmtesithnge bubbdimehd 3f tha pfd’smt(ii\ﬂ'enobn Fi gure.

00?%@@%%0%?§F%gg§%e #’\QL Bg%{'g%;eegﬁ g\(zjg nt g%egtgqen E{egsﬁ%tchck -on, of
the%ﬁkapﬁlelepm U3l Bfchh AR50fn 5&%r(§a%€@%hf SROEmbERMeR of tﬁle present

he Interactive map 3, in accordance wt
invenone fblectioreoft thgfspmeh@hpcteckelm—tdown\mﬂtw Bis. prﬁh@es selectable options for
chemati.c/ dj he second fl oo he fab .
aisF BRSSP i v EP B Sobaer e ikl igb s b, job counts
pertshRkér2RbVdoRWsPer it BRT Marfn Wstdry.| ereisf TCaHoWaR Wihdéh @enerated in

routes that
response to selecting the transport jobs per bay option in the spreadsheet drop-down menu

125, in accordance with one embodiment of the present invention. Figure 4.20 shows a
window generated in response to selecting the queued jobs per bay option in the spreadsheet

drop-down menu 125, in accordance with one embodiment of the present invention.
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are in an abnormal state, in accordance with one

enbodi nent of the present invention. For exanple,
WO ouvaoR4 is identified as being in an abnor nBCT/ES200%034791

Figure 4.9 shows a snapshot 8f the QU of Figure 4.7

taken by a user-click of t hd%but t on 127, in accordance

one enbodi nent . of the present |nvent|on [ 0094]
00&?56&8@64‘* 20 shawhd WHWom BensTated Huresponse to sEleetigthe job counts per
t I f

stofT BPANTTR b shiviqsb dhop B8 AR, it NEkBRed BiditRe gubodiment
of th ptrdssentpmwﬁmm Fipuend 2DshowWhe vandwengticcdted agrapomt té Beecting the

flfth fI r &;gﬁ%Of t he éﬁg IS sh wn in the djsplay
jobyagyng e 48 18 the readiBot rordeph Mol gy tneicgorgnee with one
emﬁ&ﬁlh@ﬂ\ﬂ (5‘f§kh§ Sk&Eht iA%erfont FRuAALANEERS §Q&gﬁkﬁ9@ ﬁ%ﬁt@@ in response to

B, i1 n accordance with one enbodi nent of e present
sel¢cmag rth¢ elrmAiigfarye optici2ins thevepr¢adehe@Uirapf ddviy meau412£om accordance

follow,n sele on_of hase 1 ( fifth
with g 5 g g o e Topbe 4 s bbb Fiure 4.1
follgRitSa l&ghﬁg @f ﬂ%butfoﬁsmctbldiﬁﬂé/y a kide 355 bHARCARD V\i'ntd%cordance with
one enbodi nent of the present invention. The fab view

ong ginhasdementithepresegt Biventy®. shows the cars 207 novi ng
Exﬁkﬂﬂgxﬁﬁﬁﬂwﬁbﬁﬁiﬂﬁwr§he fab. It should be appreciated

that subset the-cars in Figure 4.12 are
[0100ent d)tfel ﬁ&ﬁbd@l}’mél’ﬁ?a s@hrben@eorTubiekion Gailitg (fab) v1suahzat10n system is
av0|dobscur|ng the figure. [0095] Figure 4.13 sh
proyided.Glipe Jpb piighaHazation] eysign Hn%ulmieSn@rf%lcomﬁéwtl% Yﬂ‘?ﬂéﬂe defined to
e BELAMEC, 11 Al LR BB B U B e
conﬁ(gamldanmedw:t;bro@mes ebvbadhsenrtionf oft hefgpildgebpic model that defines
i nvention. It should be understood that '

t he_various
hiRR LISl 37RO BHAEr BAVEST COMBITSARY WPHb 188 SihralGads end, the fab
contf ﬁltl?fl Mcﬁﬁl@é&eﬁ%' 4668 tﬂrﬁué}h@hlcﬁ@ocqg)gﬁfjlcgﬂs &Q ﬁ%wded for virtual

erefore, in a color version of Figure 4
mochdmggrfayefdlcaﬂu&ysamﬂ andemtribotes v thafb, and of htehzarchles and relationships

non-nornal ent.jties,. wuld be shown in the col or
bmWS?}%gﬁﬁﬁﬁPﬁﬁwﬁwlﬁﬁé? status. For descriptive

[010Y PRS €8 vid8liAG0n QLR aRBtintues hNddDAcqIisiViSs dh&dule defined to
version of Figure 4.13 are identified by reference

intanfage wath tha physjc@basjenr Qfithefah.and te E@ihsr qpseaticupl dgta from the physical

sysg(c;:tI grl"ﬁ? égté%cét%f,ltlfném nl%%iu? elesecgﬁtﬁlgg#] érg% de & &aq% tagérlt %%:IEI ?llnCOntrol agent

for aGEI0 sgaas ewithihhtho nfeb. e’nb@dhﬁEzigenOfand hentmlesgﬁt for a given system is
invention. Selection of the lifter entity in the

cusipngprcaireterfse p’b‘ﬂ”t thengiven gypisms vetheyh Eﬁﬂummgélﬁcam ehthe given
sysﬁﬁlo%cfj\%ﬁhéﬁl st olhgew‘?tﬁtﬂoﬁﬂﬁl 3&?2}%Q)'Ilsd?ltﬁé’%ﬂ7gn ts?§erﬂl PhdWata agent is

ory or t counts for the selec
defnedupeacduikb duioVi®nt hise @dienoﬁystngu’lfbe 4oii@olf agdndWik nipfined to direct

sel ect | on, cl i ck-on, entity in
COTRIRNIGRAR) 059%%9%6%@% fpthe Vﬂ%ﬁla]é%eé f?ce with one
[Ol@ﬂbﬁﬁddﬁ%bogfm&ﬁ eth@ H@éi%ﬁulsﬁ%ﬁ%écﬁ% ?I%% RELIOPeAvel B8 agent and

tool entity in the displayed fab portion triggers a
conpobumgmhﬁcpr 2&h, ofwhm@thrl prroonirdesystens e Ineanuddshwingpixicortiohgyystem, and

an auto%a?éﬁl rr}glterla hang‘lgnng1 ngs érg.r ¥n fa%r e>t<tre]r?516c’ne 0 Ctthls emgoélment the data

acquisition module further provides a respective data agent and controller agent for each of a
dispatch system, an engineering and manufacturing database, a stocker system, an overhead
hoist vehicle controller system, a conveyer system, and a processing tool system.

[0103] The fab visualization system also includes a visualizer module defined to collect and

aggregate the operational data gathered from the physical systems. The visualizer module is
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[0097] Figure 4.16 shows the GJ of Figure 4.10

follow ng selection, i.e., user click-on, of a stocker
we@piovtgs7e/ t he di spl ayed fab portion, in accorBeErtg2009/034791

wi th one enbodi nent of the esent invention.

Selection of the stocker enfity in the displayed fab

0 n triggers. a u nu.231, which_ provides
furlgf getfrig e P%% fsdhe o?g?n%a!ﬁwawﬂ@ fprmatspishle Farsfisyalrendering. The
prot:&%ed @ﬁ’ergt%%ﬁi ﬁataqg d¥sbﬁy§d QFET a 'vﬂsfuﬁ’lr %&éx@gf B0 fab Reithin g graphical
sel ected stocker. Figufe 4.17 shows a w ndow gener at ted
useyr nnﬁeefg@mﬁ@é is cogepkat bpghe h@t@hwkmpdmlnf or wat |embod1ment the data
tion in.the u i n of Fi
oodRidH byt 45 SRR R e RAbE o Ganil B Pegassptional data
to dnavieRtd1 Qe §iOPIFBbF Edbﬁ@z[tﬁ)n“faéiﬁtﬁ(k&‘fﬁlohhﬁtlﬁa—“the%raﬂlgﬂ 'il§‘er interface.
4.10 follow ng selection, i.e., user click-on,
The fibaagteHaron sy gpmdens seengudos databasaéeﬁnwatﬁ@éorm@th a@q@elated with
ope?gf?)glg ?Eg% {a%%tcgt?o% pa%ﬁﬁﬁe}mﬁ#%é% 'rxgecl‘l e’stlhgéf Oa?cggfsmon module, the

wsmpizmomsdﬁlerandltser.)lgxayhm@ usaxrmmuﬁc@lat a sets, | ncI udl ng
transport jobs_per bay,  queued jobs er bay,

(01041, by aohs ewmpgdirisnt, 3 S%I@aémtgr B:prcr UEH Y syman wdaﬁc%ﬁsed The fab
Y

G0 YR SR AL BEITRURAE i

modgti Bhe visublner sprdidd shéxdined rto potlevn fiftemn und 2oesehinfabrication facility

nce with one e iment of. t ese
datg g qﬁ%ﬁfapﬁcﬁldissf uegfog Sgewﬁﬁﬁgwﬂ%em‘fa&@%rdmpﬂule is defined to

mté‘g?a?@@ﬁ@ SrdsentS@It £ G BishHStcAHEYRHAIR REuRE! iPaAY fﬁ%éa@i@n facility. In
t he Spreadsheet drop-down nenu 125, in accordance

onwm&od@n@teﬁbommbm noddulchis defieed it cdllsvteandi aode meggf]’ the fabrication
res

factli) it e SURS Bl PR et RUE anl opSREFAT FwkS The analyzer

mo&RE 8adrhaed t6lrapyeo\WaangMNécttd Sy tHe a@@arzélaﬂszﬂum tr@BFe queries
enbodi nent of the present invention. Figure 4.22 shows

regardvign dbvicaiéarefeniéy perfarawpemsthe optaiase tihedple He dedibed to control
sysfr:?gﬂ%[};/ii}gg e %a'bﬁlgﬁfongg ﬂlgﬁivr\l/: r?sﬁ)tolﬂge P ?aag;ﬁ{%%%%i bg/rtﬂ%) ijsgm]zer module,

accor danc one  enb
datpoesedttd b?%iﬂa@&er Friogullegoda 28mbinatién thevdofidDivé optimizer module can
generated in response to selecting the alarm history

be me}t%m. Gtheh sugseeindAeds oTdR 8p 2eAMA®hu 125, in
[01 %ﬁg&f@%ﬁ% x"gfngglglg nﬁd%’ﬁ@g}ﬂ%%@ﬁ%ﬁ@({ &Fﬁo P{s%iéfégénet tg faprication facility

probbhispdcfmgemldspgtginleffg:mﬁ:ieshmcbistfunhlerl(ﬁﬁnbab t(d pspldeytoals for creating

I %}]Yrigg ypooglﬁgs?q? é % a%?)ﬁ&rgﬂ? Fygge th oni[ﬁ\(one embodiment, the
an EMWOW@ c{e@ﬂig@lo b@rf@x‘i‘@ cBABAL V& Rhalyses IRM QNG HEEA fabrication
fabrication facility (fab) visualization systemis

facipityo \@pekedonaﬂwrﬂoab lvassu aiblug saniabyness peresponding Ud egaraculaboperational

confi ation dul e. defi.ne vi.rtual | de] . .. o
ins e SR alv bt E oy difiony MR Gbricatiop gecilty rute
chalfe ARAERr Gle ahARzERMOEARS E4UBRD | iALA® QUSRI €tgd&fon monitoring
for construction of a facility |ogic nodel that

modide jdsEigechite regoethi awlyzadand reportop’ HichislendenseiEvithin a region of the

fab%%a%gg'%ﬁg@ Lf)‘%lé %guclt Jé)%ézés?g)p ari[é)dutlé1 &ﬁﬂ% etf%g%ftmer&%fy precursors to
conigegion @rftsi annksas eopespuhdiag rfodificaidis U@l enable mitigation of pending
congestion events.

[0106] The analyzer module can further includes a number of additional analysis modules.
For example, the analyzer module can include a traffic state analysis module defined to

calculate quality of service metrics that characterize traffic congestion within the fab. The
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nodel i ng of physical systens and attributes of the

fab, and of hierarchies and rel ati onshi ps between
w@owpaeesed s within the fab. [0101] The fab PCT/US2009/034791

vi sual i zati on system al so i g%: udes a data acquisition

nodul e defined to interface"W th the physical systens

f thef bandto er operatlonal data from.the

h
ana modu %1( alse 1n<.%¥i§ i E84 VG0 gop]teingragant ¢lefiged to acquire E84
t v g f
B Rt GO S e
modwntaan| fueheninciude aray peocesy direnglipst evayosinzeilild define to perform

intqixpgaa- rf gégpg‘ﬁ)tug]artq%%ég%]\éﬁrgng ?}tgfw gt y u_t Eh%e 't?liy%rr}godule can include
ope'raﬁfo%ﬁlf S3tH &k clMahd mmbmg%%g ahbiang @éerﬁ@@eﬁ}ie&%‘ C§D6§1ta€‘enaueue sizes

The data agent is defined to acquire data fromthe
by epparations yaotl emupThed taohtand| furherrdelingd tednahwe procadsingdtad bursts and

he acquired data to the visualizer
Conﬁﬁ@ﬁé %%efggﬁntpﬂf%uﬁgeée )0di ment, the data acqui sition
[010Tdlal endRk@VérdBsdiMenite SPeethod Eis otﬁﬁcaos@geﬂat rﬁ&ﬁtdﬁl@@tgeﬂhé(ﬁﬁuctor fab
agent for each of a material control system

omnséwuﬁ dtthisi mefhedexpgtational sdpss isracquiied &ﬂmasufféwat ggstems within a fab.
S
e‘?‘% O?T%%?thq%] a&g.\af'%s\g@gg&t Sltﬁ‘t{:ﬁgrﬁx?%%@ﬂ leo al ]t‘o%értﬂl(?h of the different
sysiréfrtsvwdﬁm therfabpetionh viacitat alrtrgaijuirad dpearidnal daex mgent aggregated.
for each of a dispatch system an eng neering and

Alspaigr aggrageiedgPReErtiopalséata as sendered sty SRy IthiR B Visplesnptext of the
fabH@ié&E MEMTHE B COREd QJoh%&t oY $he Fﬁb EhowAMEENE ForSH BRI systems from
a processing tool system [0103] The fab
which spedatigedl ideta is pequared al lsoaggnedatrdespeativngluditd foerthevdidiighent systems
def | ned 1 ect nd a ate_t atio dat a
s SR ROt S YN SR NS ot e e SR bURI e
[Olﬁﬂdﬁil Shel Shvydined:, gsdrhiad] Hfta RS RERFRd theaP BRbAhtc@NAAterial handling
data into a format suitable for visual renderin The
systpmaemweomt—ameomltm@adaa|f9r crals@wsay@v/ewrtcm fwithin the fabrication
visual cqgntext of ab wthin a ra
raif iy e a5 Ui o ot 8 81 el 0y R RE WAL SRnarin citiy s
usedl o PRSI iBA Lipddthef Saiksdal 2eietiag bl (e vaEIdud &ndBghnces on a route
vi sual i zer nodul e are defined to gather and process
map péthb the geaphital eser Biefapl e real -tinme display of
t r I
(01D FERMIE LRSSy LEN 80, Bebi i G BRALER horcin can be
storieth ¢ Wdgngibld dbafyaseh defr adikitabfsnat en dabapass ocddablednedium. Also,
with operatjons of the fabri atlon facility

the é%Y?FlP@% d5earigRd Metsi gan begmadisd 28 FoMEMST 6?@4%8%0@6 Py computer

rea?/zig?éJ ehﬁlﬁ{ ’I‘H@dc#n’ﬁmtéi“}g Jfaﬁf% HERRR Sahy Qﬁf%{ sthfd é‘@fe@i@@ that can store
I'n anot nment, a sem conducto

datmwhd:hodan\thetryafmy bt eead sy a csropmgesysteﬁh éiﬂaamlqsrqfdhn: twmputyr readable
stemi,n S a Vvisu dul e, anal y

e PG B A 5 IHVEGY “FUER ST S ALY s random-

accéé AehbRedn-RONS | @BIRs, fdhRars, @icheRE @SRA! ad@Biht 8pti@N and non-
facility data through a graphical user i nt er f ace. re

optispleddtd |stoaageydthdqe Theseranpuiesr repdsddld @eﬁlsmdezm pleel bt:@hstrlbuted over a
resent .da dIS te in

egrate,a la f en
netxggrg(r gmilpAe({] ﬁgx%PlétSF SYStEs 30 tg%tnﬁetcy rnp'u crote daq}:fg coge is stored and
exeEBOHi AM@Rtributddcadhigial i zer nmodule is defl ned to
col l ect and code rules_of the fabrication
[0110] Any of the operations described herein that form part of the VAO system are useful
machine operations. The VAO system also relates to a device or an apparatus for performing
these operations. The apparatus may be specially constructed for the required purpose, such

as a special purpose computer. When defined as a special purpose computer, the computer
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facility, wherein the rules include both business

rul es and operational rules. The analyzer nodule is
wa@ledoonesi2z4 o anal yze data col |l ected by the vi suedT/E82009/034791

nodul e to resolve queries r ?arding fabrication

facility performance. The og i mzer nodule is defined

to control %ggtens within the fabrication facility in
can, glsg GRERME SIS PIOESH NS RIBE BY CXIBLQN QL APyiines A RSF @ot part of the

oS U RSIE D IR SR T POp ) ppos. At
the oqperaiioss nay ke tpheressedshiggesmienh pugaee @onipateancketivan activated or

ol Db T a5 SN e, o

obthiB6d bidrta RAREIE TBhendREd GIBREARS VPR nEtP\?d‘rl‘( kit BREHRSbe processed by

and is further defined to provide tools for creating
othgineprepupire o thy teppokheses chivdwf combuiingnesancdsaci | ity

rformance. |n aone.e iment. the anal yz dule is..
101§ TR RS St 2 e AP h oy g afil gBlebd BlipBR 3 £ Mithine tha
traféfdrirerdant fréahk catd @mnbaet btatey TRPG4tAINBpreRi hAGRicle, that can be
basi c_val ue anal yses corresponding to particul ar
repespeiited pomraplertienia sieasl andhgleioatcatly maniujage data. The transformed data
f ' ' i) i i i,0 i ' ~ :
cang BEENE ShRE, P Gt o hiTp Bh OBplaP eI IRE Bfysica gbject hat
resultss éroimn cleu densdorintaaibhi ¢f dangdse i teumsfobimed atataganrddusaed to storage
defined to record, anak'ze, and report, on vehicle .
gengigi PN/IMIAURTOTRYF BI5 SrablfEIcreaBriTicHOn Gh dFRiEleN ofja physical and
tangigﬁ c}bﬁ &k fh Gom@ e HinAtd] 't)f%gnilsﬁla{ibﬁ Lhede ﬁ&%‘rﬁ\@&i bgg processor. In
dentify precursors to congestion events and issu
such anr esppigithg pnatessor ¢hts vassfrosethallag fibtni grat itomg 6F another. Still

endi ng congestion events. [0106] The anpal yzer nodul e
fur G FReFRRY R G USCESoRH b B 6 Mo PR BASY ORAHIEGSPE that can be
confBALd 8Fer FHet@HRMERN thiGiRNady &8hsHRE LR &8M dbRChiMeor thing to
atraffic state analysis nodule defined to calcul ate '
anogheal dngycanfalsg gradesedatdtsay cdate Frastorsigarteansmitidata eveapfnieyvork, display
conﬁestion Wit hi ab. Theangh%zer nodul e can al so
g

he . f
the fRut oo Bhisele e nap g s

it defined to

[018ZJOWhilE tHS4nen€bh hd@beenadddcifdd @I leirhy 8NHveal @RBbYiBRMLs, it will be
on the acquired E84 event data. The anal yzer nodul e )

appeeginted, that ethosnekilled 1a thavarprpee s§adipg dheinsercdmgasiesifications and

i ' : . th .

s R0 AL L A0l o B UENRHD an cqivates
thergof] Ulerefare, iindd itdendep ahat ihen@ksdnotiiveaties kndndks all such alterations,

wor K- i n-progress tracking agents defined to calcul ate
addifinige PEINAEYIAHS, a%reatuivamﬁ%soﬁalg%m the drueoirit gpgy scope of the
invédtiohher defined to analyze processing | oad bursts and

corresponding effects on tool queue reserve. [0107] In

anoheris elwyoell ivent, a nethod is di scl osed for

nonitori ng sem conductor fab operations. In this

nmet hod, operational data is acquired fromdifferent

systens within a fab. The operational data is acquired

W thout interfering with normal operation of the

different systenms within the fabrication facility. The

acqui red operational data is then aggregated. Al so,

the aggregated operational data is rendered in a GU

within a visual context of the
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fabrication facility. The visual context of the fab
shows icons for different systens from which
wopmpaci7ohal data is acquired. The aggregat ed PCT/US2009/034791
operational data for the dig%erent systens is
simul t aneously displayed in“felation to the icons for
the different systens. [0108] |In one enbodi nent,
operational data is acquir an autonmated materi al
hangdl i ng i reeay: ~ t d
o LS e e AT LA b &) Ry Pyl
Thea rfeladicatibmefapibisy tdoofigdiation froodulardabined clonvieypalie ersodel physical

wi t hin f ab facilit i d
syl Bt G- ERREhhI bbSroREel *c Fe Var  ous
CONY QYANGERBrf nidiled ABRRAMo! [tk t4daCytih BB HRLICHS Gstems of the

interface. [0109] It should be understood that the
fabmawuc&qwﬁytapdm gntéemnp@tﬂtmg@lcﬁatveﬁ@mﬁh@mswl sstomsd i n a

t aﬂ%l {Jslg? l?reég{lgaadg? gﬁ coijegt ({ ﬁ%grlega‘r}gﬁlﬁ %ergtlonal data gathered

froifl @BE phxechl Rodtehs) aﬁarﬁmﬁerawmecﬂ ﬁdpﬁﬁemH@ dp&ntisRddadlifto a format
code on a conmputer readable medium The conmputer

suitplplg deibyisuahecnidgiig; $ndny data storage devi ce that can
t .
oyel Sty e e QAR ¥ HR LREHIRY DERTRHAER which he
protd&@édﬂiﬁrehlﬁmdl dhtd MelSsplayet withkn atisagilvedtest aiftag eabidfiHn, facility.
read-only nenory, randomaccess nenory, CD ROVs, CD- Rs,
CD- R, magnetic tapes, and other optical and

nonppti cal r :
rreg'? um C%F? ea?'loﬁd%&&rdﬁ st raglgut e vah%g%gfg@mgg&moag @Rl G claim 1,
whereinpthe datermapor €cility soefigursgornt hmiutetmomdnqa tireonstemtiablod a facility

code is sto dadex cute stributed fash
o8 PO TR Aty SRTERAITHEREE | Dils FREEFTBePREr S TR within the
fabfiftigh RRificyof the VAO system are useful machine

operations. The VAO systemalso relates to a device or

an apparatus for performng these operations. The

apg:glr rate(l}lgﬁﬁlingcgggugg ﬁéc@h (‘aaél%g%%crl)et eriI ({ltapﬁartlfr())gs ggtex% as I’%Clted in claim 2
whé/l\@i%nthg efabi@ion SfadilisP €6t fedurfbnPMSule OfERktaeSs, a tgl’@hlca] user interface
omput ercan al so perform ot her processin progr
thrce»géc\ulmpb rodp anduegnsease heitided Ernygtuganed Mgt ¢ep @él gystems and
attrﬁwée%so%gl’ée RL p%lro%t i}a!: 1t}b gc%n}g Fe% aﬂ{i r&gg&gp é)tg ?)g{}\gé'en components
withig the fa@asaaﬁh fhyiliey. gener al pur pose conmput er sel ecti vel y
activated or configured by one or nore conputer
prograns stored in the conputer nenory, cache, or
obt gi ned, Qugt oﬁdﬁt% Eﬁcatlmnglﬁtgft@sdaﬁzﬁgh% Qe RQY&lite in claim 1,
network the data e processed by ot her onputers on
whérbia thetlaw mkquisitign moduh:l ipdefirefl to pnpudd mndatp egoiané s control agent for

0111] The i ments .of..the, VAO system can al,so
cach T FO RS R URICAROR 15T SHERGH TE G448 AERT Gt Gatel agent for o
givet @}s?elﬁ R QLRI tBliAkAacciiRh HRt AvaPY steRPWRBORre@liring modification
article, that can be represented as an el ectronic

of th¢ givah Sfﬁﬂﬁ@n eh¢wiithowi interfexmgraith parmalopgetian of e given system.
transforned data can, in some cases, be visually
depi cted on a display, representing the physical
obj gct t Rakmiconductor fabrication facility visualization system as recited in claim 4,

wherein the data agent is defined to acquire data from the given system, and wherein the
control agent is defined to direct communication of the acquired data to the visualizer

module.
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results fromthe transformati on of data. The
transforned data can be saved to storage generally, or

WO poopae7e€ul ar fornmats that enabl e the constr ur€T/082009/034791
depi ction of a physical and,tangi ble object. In sone
enbodi nents, the nanipulatig can be perfornmed by a

processor. In such apn exanpl e, the processor thus | . .
t r afsf or AsSCRMEPNdUEtar RPEMUIRda¢IHbNYSHabizatiu yslem astrpgifed in claim 5,
whErdlr A8 datal 2GuiTRLH ARy obﬁe?ﬁ?&%@&% &¥a %gt Ad 5tGller agent for
machi nes or ‘processors that can De connected over a
eache¢ e maatertzd cdontrat sy stem c amamdasdrorgrexkatiaod sgsteranand an automated
g}atﬁagi thiQ to anot her, and can al so process data,
magng B8 %'t orage, transnit data over a network,
di splay the result, or communicate the result to
anot her machine. [0112] Wile this invention has been
des?éri bed semicaadpgionfabyeatondhcibiyboeliahisatian, systemps| tecited in claim 6,

appreci ated that tho illed i.n the art. uppn readin
R i o RlorkiPs Hishe el S PryERBC R g comroter
aget Ifdr da@Rlof ZEdiviputdtoskBte, t i @gliefing adldinbdn@Rturing database, a stocker

ernmut ati ons. and equi val ents thereof. Therefore, it is
systeat. af g arhephhoisthehigl eeantiollpiaysten, @rfonyryen sisteny | and g pspressing tool
SyS&Merations, addi tions, pernutations, and equivalents

as fall within the true spirit and scope of the

invention. What is clained is:CLAIMS 1. A

:; ?@g ?nn dggﬁtq%{iqogl g(rdénﬁ: tg{)\ltlcgaglro}; g:%i][i{ytn\%?%ii?zﬁf({n;;}&tehoag recited in claim 1,

£ Lion : P I

O A A R 2e PO g TEE g gt and process
opdratminkl tdytat ® brabtiontdlomed displayavf fawguiien tfachtynoperhéon within the

efined to interface wwth the physical systens of the
grapRifaliusel nfsHaFSci 1 ity and to gather operational data

fromthe physical systens; a visualizer nodul e defined

to collect and aggregate the operational data gathered _

f r ofn t heAphinsdondicter/iebaentiondalifyunsuabiratipafsysfed asgecited in claim 1,
ﬁH&rogess.the operational data into a format suitable

8?‘%?%Rﬂﬂg‘rendering; and a graphi cal user interface

conj dgtabed dRYintde stbeUdid a8bciaRedulich WhdrhidhsVdTi tBE fabi@ation facility

processed operational data is displayed within a )
cor\ﬁiggmapnémﬂugwh%flatﬁ RequisBen ewpdulsn theadpygliggr modulp, and the graphical

' ductor fabrication facility visualization

““€§§%§%?as recited in claim1, wherein the fabrication

facility configuration nodul e provides for

construction of a facjlity |ogic nodel, that defines, .

hi oFr chi@emisondiepis BRI ST PRI X b PsEhtcgmprising:

Wi iR b f Q&dlf AeF kachliddy filtd, MdSHRAPTHHEREn facility data

fabrication facility visualization systemas recited
throughal gaphi@)] usdrenterfacet he fabrication facility

Iccn)tn ;fgllr %%gzteir orrrlloc{a?éj l('ilegne%e{g)egr% }(/ezse Gard rcglﬁehcitcg:(fel Ly 4R Visualizer module to
resolve queries regarding fabrication facility performance; and

an optimizer module defined to control systems within the fabrication facility in

response to data collected by the visualizer module, data generated by the analyzer module,

or a combination thereof.

11. A semiconductor fabrication facility productivity system as recited in claim
10, wherein the visualizer module is defined to integrate and present data from disparate

independent sources in the fabrication facility.
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t hrough which tools and icons are provided for virtual

nodel i ng of physical systens and attri butes of the
wo apitesaed on facility and of hierarchies and PCT/US2009/034791

rel ati onshi ps between conpoggnts within the

fabrication facility. 4. A Sém conductor fabrication

facility visualization systemas recited in claiml,

wherein the data acquisition nodule is defined to

pr oyj de ; o] : C o :

ot Em R o Pt S PR yeited in claim
10,dwhercimgdmt vistratizeompdadk iaglefined oo callgit \vad @yistrelesicf the fabrication

stom zed to. interfac ith th i ven system w t hout
facfif G e Pt Ao EhncierabRn et « nout
interfering with normal operation of the given system
5. A sem conductor fabrication facility visualization '
syst®m ad sesusandycion fairigation faojiis rspductibidy ¢attemaagenstited in claim
[ fi 0_acquire.data fr t he given syste d o
10, Vﬁheegglln ntH? %Iéélg%e%tr?go(iul% bse(%f%leg tg g@?nﬁ%{j %?tg pél,ltt?élg trel@van%r}o fabrication
facitioyrptobl @ad, i deficiehicitd) &rdaeficicacicsl aind it duitite defised@ld aRvide tools for
nodul e. 6. A sem conductor fabrication facility
cregting padicxplorigg hypathesss aloyt &dirication facdituperfamager ei n
the data acquisition nodul e provides a respective data
agent and controller agent for each of a materi al
coni4.0l Ayshemndactonfabfrzetion faegitexecdiictiony Sysémms r@titkd in claim
an_aut omated material handljng system 7. A |
13, s¥heEth CWIY?%b‘F‘P@‘ﬁ?ilén‘geﬁJ‘é‘@gltPt 9@@%5?@2%@%% analyses between
difeet §IbASiibR Clab e 'o?ex%hahém BeriofBEHELD R gﬁﬁl?ses corresponding to
acqui sition nodule further provides a respective data
partigdat oparalicehtnstdnces, eaglemitofyoanadyseh fabricatwinsfaailitsh simulations, and
system . engi,neering and manuf acturi ng database, a
fabg%/%wgqi’mg{;@f‘&rﬁh% ad\?@'ﬁﬁsead hoi st vehicle controller
system a conveyer system and a processing tool

system 8. A semiconductor fabrication facility o _
vi slfal i zAtseoncayetembabsicaieer fasdity predugtimty sysigrarasirgeited in claim
the data acqui siti.on .nodul e Vi .i s r

. ORI B5ER B PRP B0s Eo AU oM, AR cerca

rec&dabhaByAceahd fdpbR ohi weplody defsitl atithic atregion badtid fabiication facility, and
operation within the graphical user interface. 9. A

furthenidegaer o o fdent B iPEeRUFORs flacFPiaestian Syats zatd dssue corresponding
. It i [ 4 f nprising: a
o AR S LR ST h UMt e
operations of the fabrication facility configuration
nodul e, the dat% acqui sition dul e, the visualizer

modift-e, ArEMHHRIdYFEL PESHIQRS BCTlith PErqueREty figsier as recited in claim

10, ST GR RGOz f RBIHIE 3 d10dbsfAgA ik St PLRBKEL h¥id1Y defined to calculate
system conprising: a visualizer nodul € defined to

quatity dfesetvice inktries thabolthramtaentaffiaborigesttanonitifin ¢he fabyicatian dacility.

17. A semiconductor fabrication facility productivity system as recited in claim
10, wherein the analyzer module includes an E84 event monitoring agent defined to acquire

E84 event data and perform trending analyses on the acquired E84 event data.

18. A semiconductor fabrication facility productivity system as recited in claim
10, wherein the analyzer module includes a raw process throughput analysis module define to

perform internal tool throughput analysis and reporting.
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t hrough a graphical user interface; an analyzer nodul e

defined to anal yze data collected by the visualizer
WOorees7e40 resol ve queries regardi ng fabri catiRGI/US2009/034791

facility performnce; and aﬁ opti m zer nodul e defi ned

to control systems within t & fabrication facility in

resignse to data, coll ected by the visualizer nodul e,

dat gen@‘r gqngaortg}acgoﬁ gabaqfép9§ arciiygRipauctiyity ystem as recited in claim

100%9%&?%11 MnbREEE 1 t L
e PR Do S ThEAREHE Bkl B pfcin-progress
trawm eganadufinud suaildde quabisizes bs ofabiinedodlqriut egt aio and further

n resent data fro dIS te i ndependent sources in

e Py B T DR et 001 dteue reserve,

fabrication facility product|V|ty systemas recited in

claim 10, wherein the visualizer nodule is defined to

col B@ct én@brmb@teiupt@lr dabrigfatipin éadiléttyrﬂrod\udtiaﬁyfsastbﬂni zwxecited in claim
10\v%{%i?% lry £3 &ﬁc gd bot ? ss rules and

opet at'i oA Pare8osC Do QRS ELSE 5 FugRes gt mafe or in an action
mofl@ci l ity productivity systemas recited in claiml0,

wherein the anal yzer nodule is defined to identify

data patterns relevant to fabrication facility

pr ob] ens, [ [

fur?L’er é\e?x?‘%fé t%grc prgc?)r{/l;toglrng g&fnco oufc[bg gegoirlcgtloql i%clhty operations,
corepiidiy:i ng hypot heses about fabrication facility

performance. 14. A sem conductor fabricatiagn facilit

pr ot HIRG QR?T%V%@?"F%@O‘P@@T SrEpf SYpreps Aiithin 8 fabgjeatis fac%ty;

t he XA Ry 4ek; perform conparative
ana?%ggés légt wee é&% ?Izerrentnb?&gr |aggt| on facility
opereaﬂé:nirr@ﬂhe pegicgalsd opasiianaV dhtaen arpadphseas user interface within a visual

orr 0 articular operational instances,
CO’& gﬁ%t gﬂ’é?@@ fabrication facility

Si rrul ati ons and fabrication facili ty rul e change

anal yses. 15. A semiconductor fabrication facility

pr oddct i »i methodstos nmaslt(lfmgl saaicomdugioai fabriGationh@cidityn operations as

rmdul |nc ude traffic.copnge

reclibirt O e e PRl E ofta b Fiuiri SRPSEC lgffring with normal
opdr &RANIf tANdiVRRINE bRtc@n&ithivi tMé fabfibatnrfe@iign of the

fabrication facility, and further defined to identify

precursors to congestion events and issue

cor sesponrdj ot f S

et mg. Sonael e GBI setc GRARE AP, AR operations as

recit@bin clatrh @1, fwaetdin ttye pisosluaintoxit toy thy $ibeitnden radlity &tlows icons for
claim 10, wher ei n. the analyzer npdul e i ncludes a
different fsygtemp a@@ﬂaﬁ%ﬂcw@r%aah gataeisi 3rgHired sl wiheigine the aggregated

o R o Mo TR LS 1 TR ERBLAT P8 UF AU to the icons
for glendi feredusytstemsf abri cation facility productivity system

as recited in claim 10, wherein the anal yzer nodul e

i ncludes an E84 event nonitoring agent defined to

acopy re KSthe@v@Nfor dRb@toAME ReKiEQTdRcIOr aBkRGoR NALYIBE Sperations as

on the acquired E84 event data.
recited in claim 21, wherein operational data is acquired for an automated material handling

system to include real-time position data for various conveyances within the fabrication

facility.

25. A method for monitoring semiconductor fabrication facility operations as

recited in claim 24, wherein the real-time position data for various conveyances within the



18. A sem conductor fabrication facility productivity

systemas recited in claim10, wherein the anal yzer
wore@alies7egicl udes a raw process throughput anal RGI/ES2009/034791

nodul e define to performin §rnal t ool throughput

anal ysis and reporting. 19. sem conduct or fabrication

facility. productivity.system.as recited in ¢laim.l0, )
fabgifiion e Natiar y3 Brovidet G R Wrdels G e 8t gipdering of the various
corh«‘é?;_h{c@@@l@g r&ﬂé’nﬁ&?ﬁ%tﬂirﬂth@rg‘i’zq{hﬁ‘é@ ubdr dGkirQ. agent s
defined to cal cul ate queue sizes by operation, too
group, and tool, and further defined to analyze
processi ng | oad bursts and correspondi ng effects on
tool queue reserve. 20. A sem conductor fabrication
facility productivity systemas recited in claim 10,
wherein the optim zer nodul e can be operated in either
a suggestion node or in an action node. 21. A nethod
for nmonitoring sem conductor fabrication facility
operations, conprising: acquiring operational data
fromdifferent systens within a fabrication facility;
aggregating the acquired operational data; and
renderi ng the aggregated operational data in a
graphi cal user interface within a visual context of
the fabrication facility. 22. A nethod for nonitoring
sem conductor fabrication facility operations as
recited in claim2 1, wherein the operational data is
acquired without interfering with normal operation of
the different systens within the fabrication facility.
23. A nmethod for nonitoring sem conductor fabrication
facility operations as recited in claim?21l, wherein
the visual context of the fabrication facility shows
icons for different systens from which operationa
data is acquired, and wherein the aggregated
operational data for the different systens is
simul taneously displayed in relation to the icons for
the different systens. 24. A nethod for nonitoring
sem conductor fabrication facility operations as
recited in claim2l, wherein operational data is
acquired for an automated material handling systemto
include real-tine position data for various
conveyances within the fabrication facility. 25. A
met hod for nonitoring sem conductor fabrication
facility operations as recited in claim?24, wherein
the real-tine position data for various conveyances
within thefabrication facility is used to provide a
real -tine update of a visual rendering of the various
conveyances on a route map within the graphical user
i nterface.



