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100011 Mbdern sem conductor factories use a variety of automation systens
frommultiple i ndependent suppliers. As used herein, the terns

sem conductor factory and sem conductor fab are synonynous, and are
respectively abbreviated as factory and | ab. The various i ndependent
automati on systens include hardware and software that are interfaced to
work 10 together to automate the novenent of material, data, and control

t hrough t he fabwo Mey©s5724 ndependent aut onmati on systens pavatskoes/dsain may
include: MES (Manufacturing Execution Systen), AVHS (Automated Materi al
Handl i ng System, MCS (Material Control Systen), station Control for tool
connectivity, EFEMs (Equi prrent Front-End Mbdul es) and | oadports for
interface between factory tools VHS, terial tracking systens

li ke 15 radi of requency |dentlfle&gkéﬁ?@ﬂc%ﬁﬁyggygbde, and associ at ed

i ndependent software products that may or may not be used in a factory and
may or may not be bundl ed together to handle functions |ike fault
detection, recipe management, scheduling and dispatch, statistical process
control (SPg), and others. [0002] Agtl olR§ various automation systems
are defined to work independently i icular fab, there is
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fab may not be optimized even when the mdependent automation systems are functioning

effectively. While the independent automation systems may not directly impact the yield of
semiconductor devices per wafer, the independent automation systems do impact overall fab
25  productivity in the areas of cycle time, throughput, WIP (Work-In-Progress) levels, material
handling, etc.
[0003] When a new fab comes online or when fabrication of a new chip 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,
30 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



5l ogi stics can also benefit fabrication of smaller technol ogy node devi ces.
SUWARY [0004] In one enbodi nent, a sem conductor fabrication facility
(fab) visualization systemis disclosed. The fab visualization system

i ncludes a fab configuration nodule defined to virtually nodel physical
systens and attributes of the fab to be nonitored. Al so, a data 10
acquisition nodule is defined to interface with the physical systens of the
fab and to gather operational data fromthe physical systens. A visualizer

nmodul e is definedablieekll ect and aggregate the operati gaglsAphargat hered
fromthe physical systens. The visualizer nodule is further defined to

process the operational data into a fornat suitable for visual rendering.
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t he presentl5i nihewisiatiqer module to display the processed operational data within a visual context of the
fabrication facility.
[0005] In one embodiment, a semiconductor fabrication facility (fab) productivity system is
disclosed. The system includes a visualizer module defined to collect, filter, and present fab
data through a GUI. The system also includes an analyzer module defined to analyze data
20  collected by the visualizer module to resolve queries regarding fabrication facility
performance. The system further includes an optimizer module defined to control systems
within the fab in response to data collected by the visualizer module, data generated by the
analyzer module, or a combination thereof,
[0006] In one embodiment, a method is disclosed for monitoring semiconductor fabrication
25  facility (fab) operations. The method includes an operation for acquiring operational data
from different systems within a fabrication facility. The method also includes an operation for
aggregating the acquired operational data. The method further includes an operation for
rendering the aggregated 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
30  following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the present invention.
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Figure Ais an illustration show ng an overvi ew of the VAO system
operational flow, in accordance with one enbodi nent of the present
i nvention; Figure 1B is an illustration show ng a phased approach

to fab i nprovenent that can 5be realized-through inplenentation of the VAO
system in accordance with one enbodi nent of the present invention;

Figure 2A shows a generalized architecture of the VAO system in accordance
wi th one enbodi ERy¥h@dss4he present invention; rerubh@NESn2B s an
illustration show ng a depl oynent of the VAO system in accordance 10with
one enbodi nent of the present invention; Fi gure 3A shows an exanpl e

construction of a set of 595‘%612&8; ? g'h\{en C]—IVB map fil e, 3i n ﬁccordance
> : QE————ﬁr'—]éﬁﬁe B shows an

wi th one enbodi nent of the ESEeHE—=Hrveh
exanpl e set of int eFlQlQE‘”QQi ediinades, shbﬂn@ﬁr@@xrem@f M K/nOoﬂﬁer#%%é?glomnt of
the present i nventio an exgr essi on of "t he ] kstra

algorithm in accOré%fﬁrélénce Wg%on(gﬁ’@bog%e{ﬂ HERESBY M H¥ pr esent i nventi on;
Fi gure 3D shows an Egeanp} & aputugstiorodhovinga Phapddsibpreach logioy lrrtphﬁbrﬂﬁ]t apab ed to
process a second rdfizch MAEFABNAERSH BAREPAO LLACSAUIARRE i b BRSO ment

of the present inventian; gure 3E shows thin
t he VAO syst em"{@e?rﬁsﬁl“éﬁ‘éﬁt"“’t he OHV p05| t| on

Figure 2A shows a generalized architecture of the VAO system, in accordance with

one embodiment of the present invention;
Figure 2B is an illustration showing a deployment of the VAOQ system, in accordance
10 with one embodiment of the present invention;
Figure 3A shows an example construction of a set of objects for a given OHVC map
file, in accordance with one embodiment of the present invention;
Figure 3B shows an example set of interconnected nodes, in accordance with one
embodiment of the present invention;
15 Figure 3C shows an expression of the Dijkstra algorithm, in accordance with one
embodiment of the present invention;
Figure 3D shows an example output of the Dijkstra algorithm as applied to process a
second of interconnected nodes, in accordance with one embodiment of the present invention;
Figure 3E shows a data flow within the VAO system to implement the OHV position
20 interpolation method, in accordance with one embodiment of the present invention;
Figure 3F shows an example of a data structure reporting updated vehicle positions, in
accordance with one embodiment of the present invention;
Figure 3G shows an example data structure including the list of routes for the vehicle
to traverse, in accordance with one embodiment of the present invention;
25 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

30  [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



20i nterpol ati on nethod, in accordance wth one enbodi nent of the present
Fi gure 3F shows an exanple of a data structure reporting updated

i nventi on;

vehi cl e positions, in accordance with one enbodi nent of the present

i nvention; Figure 30 shows an exanple data structure including the
in accordance with one

list of routes for the vehicle to traverse,
enbodi nent of the present invention; 25Figure 3H shows as exanpl e network
in accordance with one enbodi nent of the

nodi fication with tenporary nodes,
present inventi Qry@Rdr Figures 4.1-4.24 show a nygk,pfessS6r eenshot s
i n accordance mntﬁ vari ous

of various GU s generated by the VAO system
enmbodi ments of the present invention. DEfAI LED DESCRI PTI ON 3010008] In the

fol | owi ng descr|pti nunerous specific details are set forth in order to
provi de a thorou %nﬁﬁ%gwg?gﬁgY%ﬁaPtg?ﬁ?“ﬁf%?@ﬂ? invention. It will be
appar ent, howev&eRO dinthe art that the present invention nmay

be practiced W t hoUKGFORBoRicdhlde@{ldpese specific details. In other
rocess operations have not been described in detai

i nstances, well known . '
in WD 2009/ 105724 Sherontay eyl Hending Systebt t o unnecessarily obscure

the present §nvendiBrn: BERONNVMAEEE-MLLNGes: prie¥ss Aut omat ed Gui ded Vehicl e

s DB: Database
¢ EDA: Electronic Design Automation
e EFEM: Equipment Front-End Module--In automated semiconductor equipment, that
section of the tool which moves wafers between the carriers on the loadports to the
10 loadlocks and/or process chambers,
¢ FDIM: Factory Data Integration Manager--product that coordinates equipment data to
factory data systems.
¢ FOSB: Front-Opening Shipping Box--carrier for transporting semiconductor wafers
between facilities.
15 e FOUP: Front-Opening Unified Pod--carrier for transporting semiconductor wafers in
fab.
¢ GUI: Graphical User Interface
¢ ID: Identifier
* LFC: Lifter/Elevator and/or its corresponding controller
20 ¢ MES: Manufacturing Execution System
* MCS: Material Control System
* MOHVC: Master Overhead Vehicle Controller
* OHT: Overhead Hoist Transport (form of AMHS)
¢ OHV: Overhead Hoist Vehicle
25 e OHVC: Overhead Hoist Vehicle Controller
e PM: Preventive Maintenance
¢ RFID: Radiofrequency Identifier
* RGV: Rail-Guided Vehicle (form of AMHS)
» RPT: Raw Process Throughput
30 ¢ RTD: Real-Time Dispatching
s SPC: Statistical Process Control
* STC: Material Storage/Stocker and/or its corresponding controller

¢  WIP: Work In Progress
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on¢ or more computer systems. The VAO Productivity Suite is also referred to as the VAO
system. The VAO system includes a number of components for visualizing, analyzing, and
optimizing fab status and performance. A visualization component (V in VAO), allows
integration and visualization of multiple fab systems and their data/status, using a graphical
user interface (GUI). An analysis component (A in VAQ), allows the application of advanced
analytical techniques to data from multiple fab subsystems and sites, and aids in the
understanding of the fab status. An optimization component (O in VAO), allows contro] of
the fab based on the understanding of the underlying data and trends that are identified using
the visualization and analysis parts.

[0010] The VAO system provides for customization and configurability by the customer,
thereby accommodating differences among customers in semiconductor fab layout, product
priorities, and changes in mix and focus over time. Therefore, the VAO system can be
adapted to a particular set of customer infrastructure attributes. Also, the VAO system
provides for tailoring of data, analysis, and optimization approaches to the specific customer
business needs.

[0011] The VAO system improves fab productivity in a measurable way. The improvement
in fab productivity can be measured in terms of metrics such as cycle time, factory
throughput, transport efficiency (e.g., elimination/reduction of variation), inventory levels,
etc. The VAO system is defined to consider total fab system performance, and through such
consideration enable fab-level optimization based on measurement and analysis of fab-wide
metrics.

[0012] Figure 1A is an illustration showing an overview of the VAO system operational
flow, in accordance with one embodiment of the present invention. The VAO system
includes three modules, namely 1) Visualizer Module, 2) Analyzer Module, and 3) Optimizer
Module. As shown in Figure 1A, the three VAO modules can operate interactively with each
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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OHV: Over head Hoi st Vehicle 25 OHVC: Overhead Hoi st Vehicle Controller PM
Preventive Maintenance RFID: Radi ofrequency Identifier RGV: Rail-Cuided
Vehicle (formof AVHS) RPT: Raw Process Throughput 30 RID: Real -Tine

Di spatching SPC. Statistical Process Control STC. Materi al

St orage/ St ocker and/or its corresponding controller WP: Wrk In Progress
WO 2009/ 105724PCT/ US2009/ 034791 5 VA0 SYSTEM OVERVI EW 100091 The VAO
Productivity Suite is a conbined set of tools capable of being executed in
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[0014] In one embodiment, the Visualizer Module is defined to collect and code “rules” of
the fab. These rules will include of both business rules (lot size, relative values of products,
relative priority of production capacity versus cycle time, etc.) and operational rules (how
tools are scheduled for PM (preventative maintenance), how problems are reported and
10 escalated, etc.). Rules collection and coding are expected to evolve as data from the fab is
analyzed and as the fab operations are optimized. It should be appreciated that the
visualization of particular combinations of data may identify certain changes or opportunities
for fab optimization.
[0015] The Analyzer Module builds on the data infrastructure provided ‘in the Visualizer
15 Module and provides additional tools and techniques to create and explore hypotheses about
performance aspects of the fab in more detail. In one embodiment, the Analyzer Module is
operated after the Visualizer Module is operating and configured for the particular fab
environment. The Analyzer Module is defined to perform analysis on fab data as required to
answer various queries. An example of a simple query may be, “Does the number of a
20 particular error go up significantly on day shift versus night shift?” An example of a more
complex query may be, “How much production capacity could be gained by changing a
particular rule on queue size at this batch tool?” To facilitate the required analysis, the
Analyzer Module may feed back to the Visualizer Module to identify which data should be
collected and at what frequency the data should be sampled. The Analyzer Module is capable
25 of identifying some opportunities for optimizing fab performance, but in one embodiment
will only provide fab optimization recommendations. In this embodiment, the actual
execution of fab control instructions is handled outside of the Analyzer Module. For example,
the Analyzer Module may provide a query response that more cars are needed in the fab to
satisfy required capacity, but the Analyzer Module is not responsible for directing more cars
30  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



the visualization and analysis parts. 100101 The VAO system provides for
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appreci ated that,.b l. f u conbi nati ons of data may
identify certafé’eﬁts &gggé]gy%rlhéau‘g@l}% I esE(%Og }ga%b optim zation. [0015] The

Anal yzer Modul®@!Hdbe Oo?i/Stﬁln@ spldtcludgsref e detp wertfigyretion mondeldR9A7 amd ¢ HAO
Vi sual i zer25  database (DB) 2009, which are each accessible through a VAO DB agent 2011 of the VAO

system. Additionally, the VAQ system architecture of Figure 2A shows visualizer agents
2013, analyzer agents 2015, and optimizer agents 2017, which are defined to implement the
Visualizer Module, Analyzer Module, and Optimizer Module, respectively. The various VAO
GUIs 2019 generated by the modules of the VAO system can be viewed at any number of
30 client terminals in accordance with client logiri 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



15 Modul e and provides additional tools and techniques to create and

expl ore hypot heses about performance aspects of the fab in nore detail. In
one enbodi nent, the Analyzer Moddule is operated after the Visualizer Mdule
is operating and configured for the particular fab environnment. The

Anal yzer Module is defined to performanalysis on fab data as required to
answer various queries. An exanple of a sinple query may be, "Does the
nunber of a 20 particular error go up significantly on day shift versus

ni ght shift?" Agoexame.¢ of a nore conplex query may bg..nk ;Qﬁhgﬁ

production capacity coul d be gained by changing a partlcu e on queue
size at this batch tool?" To facilitate® he required analysis, the Analyzer
Modul e may feed Vi sual i zer Module to identify which data shoul d
be col |l ected andﬂﬁ&hﬂ%ggk Pl uency the data should be sanpled. The Analyzer
Modul e is capaﬂW@“FEBmdﬁlfﬁé»PF#VPH@W@GWéqébﬁwmwﬁﬁPNﬁ@§Y$@mlm§¢mmmz1ng fab
performance, bukth brﬂ: eﬁlﬁﬁilrﬁéﬁb&dﬂem&t W/Jn{mrpm}Le)ﬁeﬁéﬁiéht@e Fxfgﬁf@ 28 Rteks@ﬁtél%t don
recommendat i ons, control

on of fa
instructions i S "S'O ?méf" 36°%qt)c fefe ef)cf’{’?d Wét?‘ 5’%3}%%?”’7\/%;’3&E%VAEGYS‘%X%’F@“@ t he
Anal yzer Mbéul &B myermcbmsaepa@hqaen@d crE®paase22h ddfineigp mtecfaafeswmra@xsmcaded in
the fab to satisfy Jeapt {h@qabcm@%nrgmeent%y&mm@méga&a%gé dMQOAgAn

responsi ble for directing nore cars 30into % ‘d] e Optlmzer
Modul e bui | ds €R5BT 1€ AESTRFRIVL, BF ehaggerngeniespaps f410pse 20%nef thraae Saskerabi lity
to control or g¢uacand dentiohgpatts2@hate defir@d geintetige fnath 'ie s&»KIleSEysﬂags 20280RBkI ON

t f t t it
e

appr oaches Usi ‘?*féhep’i‘% HEP 176 CRACB SEHEl 8% 24RCEre §4ned to merface with the conveyer
2909/ 105724 PCTéyt0087 Q3Ke7RXL Tdol Rk aticosirol aRfls LIS aAp@Idl lo! ihdrtdcOwimmt pul at e

(rodi fy, Chanq 6l s{at?o%cc%n to §d3gn tfh Elg dd&lor?égg%%nleg I’Od ntro a§en(t$%0?guc'[

process flow, count di Stri butions 1Ry tive
product cost &W@@é)q infifes withhategdionteng 243h ef teofed. i nt er m ttent (short-term

price sw ngs, [bet) @mmbeappaeigtk@mgxﬁearm £)@1@rmeiiﬁe@{oqg@€stdn%))le sol %o

Vi sual i zer, a,[l zyz and |y zer SII\/ggL{)&z)s ca V\q)lelé&tj n,concert to

anti ci pat e "eveRty B cCaRans eé’-seﬁﬁtef‘w acti ,Syﬁg”Wé‘ 4 i WE Vit past
charact eri st i gnapelddigienrigpes Afldietsigpmpadybtyms, dptbases, zad inomfaes| Altd, ongrgdater at ed by

the VAO suite a%:tx@@ 12H'§1‘§C!:at§ (Be 'bmﬁr @Vﬁdrreﬁecuggt%érg&cﬁ@q/e&'é PR @Jslogln@zlta
characteristics of various independent autonmation systens within the fab.

[0017] Al so, éf‘t“ﬁtﬁ‘ﬂ’g RYFhenbe §EFH‘F‘? SISO alp ?‘%’e‘”f""‘“’éﬁ%f“‘é}b‘ia f iertese WlBdth es are
defined to 1Gystent erdhatreralamnidivr paciiedabihver data A dshaglididodayandenptieodf 4 hat t he

VAO syst e@ocaqatpggeqtetnhqyssgd tonacglufehl% ﬁ%m%re&eeaL; BRADGLn B B fb&guor nner. For

exanpl e, in one enbodi nent Vi sual i zer eployed. In
anot her enbodMfent”, thet%?sh by py (\ﬁe%lel %rdata?&sm/smlﬂaymed%amr@g' aé‘i""é‘héFepI oyed,
hi yet anot heis defieo e time e dat@ hdquiedi by the ddvi Sueia) praxess the ABhsyhzeksarypdndl et | M zer

Mbdul es are dglglagg,eg an ';;%9 n% 1J3 dn% angid 'dJ?é”ast'u%” yQ8V%£%e deP hased
appr oach to La rove LE f can e rea | ze I’OU m¥nt ation
of the VAO syé%rfé*fﬁre Fqﬁfwar@@e%reﬁ%éarwf ﬁﬂmwebl@ﬁwﬂ@rwémorwert Weuabaee@@ht

i nventi on2sVAG &XSIAE;MSARQ%JEQEMREO [b@%gimlabﬁuﬁﬁa@é}m&“@o as geeebRrl | zed
architecture of th nce wth one enbodi nent of the

present |nven%“3t8rr’1maufﬁ W%dag/és dgﬁlnaﬁ'eﬁérfdﬁﬁgga%lsr‘?ﬁ?%yég of agents

[0022] The VAO system is defined to be non-intrusive such that acquisition of data from fab
data sources does not require changes to the fab data source or their control systems. The
VAO system is also designed to handle fail-over with minimal impact on production. For
30  example, the data acquisition layers of the VAO system 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



20 defined to interface with various fab systens. For exanple, the VAO
systemincludes MCS data and control agents 2001 defined to interface with
the MCS 2002 of the fab, MES data and control agents 2003 defined to
interface with the MES 2004 of the fab, and AVHS data agents 2005 defi ned
to interface with the AVHS 2006 of the fab. [0019] The VAO system al so
includes a fab data configuration nodel 2007 and a VAO 95 dat abase (DB)
2009, which are each accessible through a VAO DB agent 2011 of the VAO
system Additi oR@lb¥uesine VAO system architecture of Fi ows

visual i zer agents 2013, anal yzer agents 2015, and opti rﬁgg’grgzoéé\sé‘?t?s 2017,
which are defined to inplenent the Visualizer Mdule, Analyzer Mdule, and
Qptim zer Modul g, . ively..,Jhe vario AO GQUI s 2019 generated by the
modul es of the ’?/‘3&‘6&5@’%%@%%‘ cglﬁ&{b\éA(\gl/is S TR R R T e By arithout
termnal s in act@rbiahels wogHesehipmenty BepraforprieNA@gesm chn Belpgaded2@Bdurcan be

used to faci!i traguengal @l GOMMLAIAILLAMD eLMRERd BE VA6 10U, A0CHLS, Bl L he VAO
system the fab ient termnals. This data comruni cati on can be

nd th | . _
conduct ed over r%"smg%(gﬁﬁ“‘ésﬁf f]%gléf‘?fn‘fbfﬂﬁm?ﬁ‘?m%‘?’éf‘g@cg?ﬁﬁﬁﬁi"e‘a’ﬂqeon net wor k,
i ncl udi ng wi’ ed003&k ThorMids) danibeseliegSnadet worKnforantia 0hh Basden Tihereai , and
can be conduct gy HsRB SSSLM defibie) 1ROY f tual Iy understood data WO
2009/ 105724PCT] L@ﬁOOQI SIATEE Pt %%%".%gﬁag-p??g?’&%l%'\‘Tm’% meat it e 2B s
an il lustration “$hdNab#g nlvdesphio favemedeb mforpaion/Alugiast 6h ditn(imbdiog davece Wi t h
one enbodi ment Gl ddnentpras anir-gentweat GON clehbifes), dpRIYRE R QfcuftgUh&@B 1S
essentially an,gxtens . chitecture described with regard to
Figure 2A.  The VAO ss)slﬁsof@ﬁ%%cf {%F&QI%EOSS’C T ‘lﬂ’roﬁP FREFS A Hawey fepst @7 dat a
and cont r ol!%agEHthes biyorcatideta fFretMES NG esforrerdagbasks, anddidspabap odyist e 2024 of

the fab. Al so, vengidernicagiraashiagt it fenda Rhase nci@_tcéus@%?g% gfg’?%% °

defined to intgpf . th.the engi neeri ng/.manuf agt uri ng da

the fab. Stocker ‘da .Sézwéeﬁtéd éyotﬁ% o us%ﬁtéﬁ‘iqglg’?g%?ye&r" thg pChedtent- d s sollestddace wit h
t he stocker sy&b dpip 12gPsiadfin teeV AQ slatal@y @l eetn che atirglageinit Iredi-1iag edugh 2029 ar e
defined to intekfase oW tAsd bl &?&&%E‘Eﬁb@&ﬁ@amé@on@ {ehe \tfé%f afataéﬁni'edcg pyeyer

data and c gt r\?}\ ﬁgebgsts 031 are defined to interfac he éonveyer
systems 2032 of P ABPELMOTAST TdLromen s s AYE GPL A5eMQ sypem sandpierge e ned t o
interface wit heugtpreert@8| usiog arbricon tecioivfueso buce ras N2 3Mebofertitrs, drabeamb@kinid onal 'y,
front end dat angpdogpntrol agents 2035 are defined to interface with the
tool front enqgég% of the fab. 100211 It shoul d be a(g}p.reci ated that the
VAO systemis § i etsuelren Aewtist0dt Aalyres Asentnd01p oand 1Cptigurer ABapissIRT i C
cust omer needsemior ogxanpVap oeIADISY.STHR MATRENRAIABbMERIQ BRIk, Wi th
many diff n - . JTBS ' t abas and_ ipterfaces. Al so,
custom da’?{aoea%ghl?@?té‘l S%%m{z?y%?g} lg Cr1§%e§ aﬁ‘g?éistogt?%acﬁlﬂffrgstbsda%&é’f gﬁg’ﬂ’sécﬁbci fic
needs. These CULEBhQRelydeeleigredesned|algpethes, savstire ardatleheeld aslygsughom dat a
and pgng rol agerdesipplisato dcitid f28.@6a Wint IV ADAYst&Y SIeLEM alsO Gt magoﬂlgzeaoﬁgg/ gr
provi ded cont .dat a, .. £ ta acquisition ] ayer i onprised of a ata
agent that i slélgér_g f%atgﬁkaﬂ?nraglsea’aqéu l?'%’aéﬁdloaa?ﬁ YEX BN, ?ges"g&"ﬁeét SNHEHTLE! a

dat abase, or PREIMCES pagof theedeRs: Thy V@ confroliex mnpilee furtidnanctldésan sgoRt | S
encapsul aked bygnasicoabibdity. agRNhe VABLcohrueidames Je@netd%greﬁageeac{]{ﬁ}e@f%‘cqm red
by the data age m,m@rel%cgg t he data as necessary, and route 6 data to an
appropriate destinatr of EIERUEE"s acquisition 1ayers can be defined by
har dwar e, sof &8 Enc ehirdfiarof lier\M@aPreducinity Snije AR yaah) O frivedearfisioMr eover ,

Vi sual i zer GUn&ind29d cdnb6 MABLiBYS ped: Q. RGpCYSt ol zahl e by an
end-user, so as rf%o etéé;l}éec %uslfyotrn'@%@gﬁd%ﬁ&%ﬁgﬁ%a‘?gﬁqp§°dt(1:ifus é8 and how

data is displ4reg.ce fabrgontraldtab dote gaihredsiroe fefeman squerehiligrusedifor usi ve
such t hat 3&c centsil técpnoht adphanter oMefeBlof 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 VAQ system is

equipped with web-based capability and sufficient security requirements so as to provide a



data sources does not require changes to the fab data source or their
control systens. The VAO systemis also designed to handle fail-over with
m ni mal i npact on production. For 30 exanple, the data acquisition |ayers
of the VAO system can be defined on i ndependent conputing platforns
separate fromthe fab resources, such that a operational disruption of the
VAO system does not interfere with ongoing fab operations. Additionally,
the VAO systemis scalable in that nodul es and conponents of the VAO system
can be distribufyedibmslperate in parallel across as nag%ggww“iwqg

pl atforns as necessary to neet VAO system performance

2009/ 10724PCT/ US2009/ 034791 9 requi remer]fjs/ goal s. Also, VAO system

nmodul es/ conmponen s, ;5a0,.Re ut rbing other

nodul es/corrponents1 Ther e gr&gh%ﬁﬁgplg %r Ye chaLa{’ﬁ ﬁwcabfézaowa'e%m
requiring a fulq‘S‘%“stil@tfehﬁlmfedmﬁrﬁs n@tufrfabﬁefrrmeg tot lhﬁ b‘v’m@:rsly&ham gan al so
i ncl ude rem)te odmtagztwsdotnﬁlaixcpghd: chiroE RBEbGE HENRLE b ét\pﬁ(drk

per f or mance. 1023 ] r {A ), d % basg%l S de)fl ned store St orbrercwsi’tm I"on and
data associ at ed Wit ﬁ FB - t he VAO system as depl oyed t hr oughout the
fab. For exanpll€026] The OO endrodisndefited mI‘FESUWndjahﬂbMSr&nheﬁGé uskeR hidkurdat a
model i nf or mat lhemmg\éf%pr%}n?a%nd%m%@én% &hpfﬁ&r pu o fon{la%”g%gra f£nd

user - gener at ed Gﬂj | enent s par anet er s
par anet ers for "8A%IY PR C %@fsiitnl FHE, hadyre f@%ﬂfﬁt ?t@ﬁhpé’%&m’stenss algnd
summary hi st or defakd datr@ided Br (Fduah rasaghhdt @l GHidimdlladwhifnt OGS, u

custoner dat abasegs n hers) . .The Vi sual A.zer can be
cust oni zed for a ?k\?gﬂg} LBEQ’L?(V togmg gte | er% se)’eﬁ)ls"f‘égda Bl cﬁrﬁeo élp{féﬁusﬁ}’aﬁvedFab dat a

is collectd yAPhSéS‘%FtP‘eUE‘ed\é‘t% S)ﬁ@quiag |k€eﬂ3c§rre¢0a3/efr%1 lodin tdieit\VAD aiysérem The

col | ect ed fab pragraniisg &ﬁﬁg%b %@drebdadstcb}%e%@e&@laaﬂaﬁﬁaely%&genﬁﬁ& R&s di spl ayed
om ze repor ts can be

inreal-tinme thp alz
generated from ﬁ'} ﬁgﬁl? gA m§{ or ésd’ afs‘r'fortdﬁ%mrf% “Q}A%‘%fﬁ?r%{b}é‘s‘epaSSWB?déB‘V@F if a
cust omer has |5t“§h Gitrtoum gntitiesHhave\highes yietiegicontan piivigg trat ethtrhetizsistionme GUI

using various V.eOkfeaLieSapaBidl 6ﬂn@§atm§|@&1ﬁ1 a}(\égsn%g rcysko%xssec@g 4 y sehdnf 5 Tors qli%(% and

anong ot hers e Visualjzer ents 20
Opti ni zer Ekgen'{sers %b{[\ osﬁ'ﬁfrﬂéa"tt%? ?Bffgl’fgﬁ /ey ‘?Fo‘ﬁff‘?“ﬁ‘F Feé?ls ﬁﬁfﬁ‘ﬁ?”eﬂ“%@r VAO
control | er nodliffesenhedasels eSusere Moeawrit@ Bbility gk teklﬁttai, to Sé:rﬁihlc&isbs&ﬂbsersalﬂ&j/ or

| ogi ¢ based arl@-kéftﬁl‘n%crggns thgiaagy -8 d %erg@&nabe cf ur e?att n}e cﬁa def ined to
include a set o e-defined _algorithnms, statistl Hasé

anal yses that Hsﬁeenébaﬁ?‘?‘e’d‘ 86" QeGP cletesfoa s edat a. The VAO system user can
al so create tHeR2B TwrV A@bysein @hgortidforaly sgichbiisdi il thafd] ¥SaSw Hble

rul e- basethe@an@| 654 Widh J.ap& de jro rovi as, part of
the delivery. %!M ZAa\O controll Mgl’sg CF%G?VSEP OUSJgp%?ur%?enﬂg & e%ﬁ

25di agnosti cs éé)p%ﬁ?“i‘ Fanype tempsre!}y intpréacsAACInca sxterod! Kime cladkdTied/ AGssyeeh lsamed to
prepare acqui risgbefdafined atimk fa4 acrdaliiphgapded or si mul ation. [0025] One

obj ective of d&f‘g\fﬁ\;@ i.Vi VAQ Syst.e s Lo, provi i de

deci si on- maki ?1 | r??gygt%cadéa i PO Ec {'aﬁd“faff a% %ﬁ&ﬁ'&:f"%’ > Ve i nprove
fab producti vF ‘t"?f“cﬁ‘ﬁ@l Suigr ig G?ﬂﬁ@ﬂr‘? OE@efm frneﬁssezteﬁy fraiyre @fbardytare, fFelbasdatas, gat her ed
from rel ezant neseutk apFandds| ﬁndb:ﬂedﬂﬁ;@@mg Q{ddm@ﬂll? QiR W?(b %91' ﬁdngﬁ)dg%nlﬁlny nunber
of |evels of &P{%al}(gg Oglmegqa;egod control system The VAO system ar chi tecture
is defined to i ST oI %spemflc and site-specific fab

i nfrastruct ur'@“%’i/ﬁeeﬁféo Sywnoneieérrvbodmmefme witieugahdro mxiafg MBS ihieticag Syst ens

i s enabl ed t hsuent@Rivgews eRkd tools. Al so,
in one enbodi uawg i 2%5’202%2&%{0{&%?%@%%}gﬁ‘édng%g\g/fg'rgﬁcapa%l lity and

suf fici ent seoc}ﬁf IV @qﬁ??’@r‘f‘é’ﬁ%’? sodmé'éac? 8“*&“89*}’%&6’98““8 RTD interfaces. The

30 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



WD 2009/ 105724PCT/ U52009/ 034791 10 centralized command and control platform
for multiple fabs. As the physical size of fabs and di stances within fabs

i ncrease, and as nore fabs are trying to |link between |ocations, the
centralized conmand and control platform provided by the VAO system becones
increasingly relevant and useful. 510026] The VAO systemis defined in a
sufficiently robust manner to enable fail-safe handling of off-normal and
failure events, including unexpected inputs or formats, degraded nodes of

operation, VAO Sshemspirors, hardware failures, etc. The VAQ sy gﬁt em i's
al so defi ned to provided for upgrade managenent with mini mel . down
Mor eover, upgrades are tracked with an dbility to save state, thereby

enabling a rel Oa%g“tsﬂ)g th fVA?D ggtfeerx?:/ I?rc(:) %néﬁ (5 B xgnﬁ?’ag ﬁra magt@?]te e},eogqr}];;ﬁ;/ﬂp\g 9

system can keep a record o ogi n° act

changes. These deedar asoniasy E?eenvplemtedhd)y’A@ppﬁt@pragatteb%/reqmedeﬂmt falsgdifiuser s.
10027] The VAOgygliem. provi des password control, including hierarchical
password cont rq} E g:jgg mﬁi zomi entl ties have hi gher vi ew ng/control
privileges tha the VAO systemis capabl e of

i ntegrating Sw t[W3a]ane>Vrss¢llzcrgAceiulstpmnﬁ«fs a8 @CagFated Wi/l @B vdr Y peliaiatce oddpe USEr S.
The VAO syst emggadh BEsaaf Mgdﬁqeesgo“;s%otm l%vtaghg ofthd Rﬁiﬁ-l%rlystetr)n q/ nciu%nng]; vi%%rg?en

access for different classes users.
restricted to C&F PAYIFE Groygsie faﬁ‘f’rybg’“e‘r‘%e ket of 6‘66@9&% withip Se rfaee“ﬁly Visualizer

Addi tional ly, Moeul¥pBvidassd RIMbEDST da@b@maf(inwmlednﬁ)%ﬁﬂ&rn%@ b htteemmbange

and/ or screen Vil eges to. certain ses of users. 100281 The VAO
system can be mﬁ@sgdgw?ﬁHSd)rfr&dsngﬁlV?g V\A?pﬁraf%aistf ab, so as to enable 20

synchroni zadfi oH’"érap 1{The Vigyalienn dodtlpeskduc selisetioat @tring sl pramitatorsofdatay &our ces i n

the fab. Al so, tof fH2adéAQn3 E$d Cﬂa@ pbl%ostem@r‘allsdayzelr 'Mo@t'ilg acgd tMeEchaJﬁtaEXt er nal
time clock. The VAO s be defll ned | ink data across multiple

fab sites. [Ooﬁoélia%%’%%ﬂﬁsn’lbutst? é’ﬂgr?‘@ B8y PRV Pe pf?ée“ﬁﬁor“cﬂﬂér”ée%ﬁ‘b%ﬁqa@ I'n
ot her words, tfen Yia@apsodeest Thei tispalBei Metulepratelfs foechli¢ctoropd cating o0trules”

essentially anch the/ A8 QheshANGAVIRS Re b&H%hsnﬁ:% rafel VISt e, 1%§p\%t dé< @?Rfduétg nces,
and cli ent lli m; Addi él onal ly he VAO system nmay | nclu I né manual S
el

and onl i ne 'S ?V&"B‘ﬁ’?t&@ pmd‘ft')?%‘(ﬁ’f“*i’heer%@"’ D §“dd§’Fr|a‘i‘fé’él' rplgs fhaver f ace
W t h cust omer ' tgolext sthedulyd MeESM, hdveprbldoesare spietad a8l eSialvied wic. )FlaxﬂéngﬁlyéMig ks,

Fab300, Promi SWIIIM\J@§§ {hg%m Mo%@&&%o& Q:%E I Qmjer ﬁa dat V@% SySt em

is defined to interface with customer' |nter qces®
VAO systemis ‘defitpdget o hamper F%@évwaf‘ﬁ“gcﬁéﬁé‘ﬁé?m@m’éﬂssqf idptey MYCSlentify er f aces,
such as Asyst, cele‘ atnaficidDahingésll, TIRNDA a0 faRd Shangehen VARr Sy 8dhRM GaRE

EDA- conpl |§(pt ﬂﬂ?ﬁa@ed%%e'\/?s’ﬂa]%’rgﬁodﬁheout he VAO system can be defined to
provi de equi pment ata interfaces Umber of equi pnent types within

the fab. The V33sTpst\anrlzanMpdiledie fpfined tor rroideopitdie- freabliné pyneandalviets, backbone
interfaces. Addiity @aadilayd fabResuMiz8dal FoZ @£anPBERSn réddaby ZE fheAG6HRE SuI@Nd

optim zer provided by the Visualizer Module can be provided a frequency greater than one screen
refresh per one-half second. The Visualizer Module is also defined to provide for rapid

25  transition between display of various languages, e.g., English, Japanese, Chinese, Korean,
German, etc., to facilitate consulting, support, programming, and debugging. Transition
between various languages can be enabled by one or more GUI buttons. In various modes of
operation, the Visualizer Module may provide still pictures and video feeds from select areas
of the fab. Also, the Visualizer Module may provide a control interface to various cameras in

30  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



WO 2009/ 105724PCT/ US2009/ 034791 11 agents of the VAO system are defined to
be extendable. Therefore, the custoner, i.e., fab, can develop custom zed
extensions to the VAO system agents as required for fab-specific
applications. VISUALI ZER MODULE FEATURES 5(00311 The Vi sualizer Mbdul e
provi des an integrated view of the overall performance of the fab. The
Vi sual i zer Modul e shows both the status of the AVHS system (including a
view of cars noving through the factory) and the status of the tools within
the fab. The Vi syghiog@hsModul e provides a nunber of dashbeahfs:d,n U
form) for nonitoring fab performance nmetrics as well as for providing a
view of the operating fab. 10[ 0032] The ¥i sual i zer Mbdul e conducts
collection, fil n.of. factor sand
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rul es (how t 0olcgrddi@nss ﬁg}@gl‘hln@gor{sofor Mmpﬂo}%tpgeﬂblkgﬁn 'é%ra] SRAL G5 a0d

escal ated, etc. é Rul es gat her i ng |1 evolve as 6‘#\{8 em progresses
through anal ysi"&"% B¥oktofesst i B%Vﬁw&zca%fiwélsa%?{aedﬂ? ker?époﬁa»ls of spertsal yzed.

The nere act ofgraphssdad, iagd nfjert ihlornfatighto e @&ém@mld@fofd&tmmwehudﬁﬂé ify
certain benefi Q'lé'ﬂllhzmﬁ%an Jhc%ntt pd \fqi'ﬂerrm‘gﬁa Chan dht atawx~ tlénr;[g%érg%gi e¥ﬁe

i mproved 20performance based o i sua du e ou
Vi sual i zer Nod@f&mned ugias srsete %‘@“&ﬂ%ﬁlﬂ’eqlﬁﬁﬁﬁab‘eldafé can bp @wgﬁt fortmmen chagar
real -time, quahkid I‘j/lteﬁlﬁg‘ltl"]id)%sﬁnﬁr Malul/das UﬁiuHeZﬁGUp&scd @Ehaﬁlgﬁm)éaﬁurc $hien

refreshes for the %rdm rovi ded by the Vi lz%teﬁjzFusﬂl\/bdul e can be

provi ded a freq enc mb tqﬁgewat(')cﬁlé’ QTP ?faé b2 &fPleBecond.
The Vi sual i zer "Reign- eT*’ne?anqn?Otwéiéf huymay] inpor Ipwdm odiegdrigrd andypérad BH tdol; dmei ti on

bet ween di spl ayrolﬁlém\éﬂdés%ﬁallbmﬁ%ﬁvmﬁmﬂees English, Japanese, Chinese,

Kor ean, Litate consultin ort programm ng, and
debuggi ng. gaah #?génv%ualzer RIS F%’ﬂ%d tf’é?i‘glﬁ%’ggas ‘b‘é‘""&ﬁlﬂ gdf’swf’bne or
more GUl but t ofxsh as| FPUPanicbivlss, pobesirdsf cto fay Histabrer Mothde Widsfiral tazesvidvbdul e may

provide still @Upﬁab%eﬁec%@mvfod%gfrﬁ%gﬁurfnrgqmessﬁ)l ﬁecappﬂgdegsvaggustcﬂg ];1%9 Al so,
the Visualizer control interface to various caneras in

30the fab. [00%4 ”#ﬁ%m\)?esfﬁtgl'rﬁ‘% & F“‘Wﬁ?ﬁi dfodule & de8ped i bpngls mputiplF cyorer Ailes GUI
dashboar d vi ewsd efucwes bpusblag GeEbseddefitilien dfabltardoasppied)aieendabba, The GUl s

generated By tdigneMs sl za@g.te'\/p@ui:ng ppzrsQ\ﬂogeb gr}odlm &&;oﬂcf%wf 9hq nﬁv'(gﬁt' on and

commands. The Vi sual i zer. Modul e capab acin speti al
sensor - | aden tPYv&Icelt, Visyglias Hetybsis sapally ot expertingand dmneeine wae%siputralyhm ng WO
2009/ 105724 PChhipB2609r 3 3431 arlidterface to fab modeling and simulation tools.

Fab Data Modeling

[0037] While fabs will have common elements, each fab will have structural and operational
25  differences. In order to construct the hierarchies, relationships, and confi guration of each fab,
the Visualizer Module of the VAO system provides a tool/module for creating a fab logic
model. The fab logic model identifies the physical systems and attributes that will be
monitored and controlled by the VAO system. The fab logic model is to be provided for use
by applications and industrial engineers to build integrated views of the fab. Also, in the
30 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
VAO 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



facilities, etc. The Visualizer Mddule is defined to provide a GUJ
dashboard view of AWVHS and tool status changes as they occur in fab. The
Vi sualizer Module is defined to provide GU dashboard views of current and
hi storical fab statistics presented in various fornms such as charts,
graphs, tables, maps, etc. 5[0035] The Visualizer Mdule is capable of
handling | arge data sets in performng correlations, trends, and sorts.
For exanple, data sets including several hundred thousand rows may be
processed. The WoSkahdsner Module is defined to enable %p,ggzgdgggwqf reports,
graphs, data, and other information, to yvarious systens outside of the VAO
system The Visualizer Mdul e can be coftrolled to filter and flag clearly
bad data. Data f us spelflca t hns.
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model is to bemguempipaRes, 1@ra§biﬁobe{evapmguﬁ@fas rRd daRELSLE 'toaxjedu@QQ%neers to
build integrated vi in the 30 Visualizer Mdule user

interface, the‘ﬂ"&‘&ﬁ’g\%ﬁf‘iqt“b@g ocreéﬁ(ﬁt‘eﬁ?gfwle subconponents are displ ayed based
on informatio @ gpe ce., fab data configuration nodel.
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the tool subconponent |evel. Rules Engine es engi ne,
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features of tHeWiho Caperp dganisnabl e ef ficient and productive use by
non- sof twar e @ogi) FREFi&o camera agents provide for both real-time user-selected monitoring as well

as selected event-driven triggers of recording for later playback (see, for example, the Traffic
30  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.



[0039] It is expected that rules will be created to specifically detail
custoners' requirenents. Rules created by and for custoners are referred to
as "Red Rules.” Rules internal to the VAO 10 systemthat specifically
detail behaviors and controls are referred to as "Blue Rules.” The VAO
systemis capable of separating and protecting the Red Rules and the Bl ue
Rul es from each other. VAO system supplier intellectual property (IP) may
be built into the Blue Rules, and the Blue Rules may be replicated from
factory-to-factg 009,19,1;5} oner Red Rules may involve cusy 200 9539;3{| etary
information and P that may need to be protected. A nunber 15 details
obt ai ned fromthe configuration tooI or 1¥ab | ogi ¢ nmodel may form a subset
of the Red Rul 85, 1 > f | aggi ng or automatically
generating rule tab o ¥ process, i.e., as part of
devel opi ng the Wﬂald ”lrh@gﬁwahmdubdulwmpdaentusmts betecteé digioss dfite fanoweebrd @fid ef f or t
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OHYV Position Interpolation Method
[0045] OHYV position and status data acquisition frequency, as obtained through the AMHS

20  monitor, may not be sufficient to directly render OHV position/movement on the GUI screen.
For example, a fab operator may not be able to follow the position of a single OHV on the
GUI screen because the OHV can travel beyond the scope of the fab area displayed in the
GUI screen between OHV position and status data acquisition points. A solution for
rendering of the OHV position/movement on the GUI screen based on the available OBV
25  position and status data acquisition frequency is described below. It should be understood that
while the description herein is provided 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.
[0046] Overhead transport systems are used to move material undergoing the manufacturing
30  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



[0042] This Visualizer Mdul e conponent enabl es sel ected regions of the fab
to record and | ater playback traffic flowfor limted periods of tine.
"Triggering” of the recording can be done manually, on a schedul ed basi s,
or based on an "event" trigger froman analysis nonitor 5 (see, for
exanpl e, the Transport Traffic Congestion Mnitoring Mdule, or the
Transport Traffic State Analysis function), or froma tool event (for
exanple, the restart of a furnace, stocker or other high-demand el enent
after an extendgd gows,period). [0043] A recording agept,pShbihan,Provi des
for recording (conpressed) of transport | nformation about payloaés Wi t hin,
entering, or exiting a (pre-selected) réﬁlon of the fab over 10a period of
time, which m u edul ed, or . trigge
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material storage/stocker (STC), lifter/elevator (LFC) and MCS controllers and stores the
resulting status in a central database. The VAQ system collects vehicle position periodically
25  from this database and uses it to display car position. In one embodiment, the AMHS Monitor
may not provide OHV position and status frequently enough. For example, the AMHS
Monitor may only provided OHV position and status once every 5 seconds. In this
embodiment, fab operators may not be able to follow the position of a single car on the screen
because the car can travel beyond the scope of the screen within the duration of a single
30  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.



15 visually nonitor the progress and status of transport cars as they nove
t hroughout the factory. [0047] Overhead vehicles (OHV' s) maintain

comuni cation with a dispatcher controller (overhead vehicle controller,
OHVC) and periodically report position as they traverse a 5 network of
rails. The railway systemis subdivided into sections called routes. The
car accunul ates a count of its distance as it travels; but there are

pl acards with barcodes placed adjacent to the rail at key |ocations. These
l ocations inclugdg,goid%t0 @ route, exit froma route, dropnsaff/lpick-up
points, transition between OHVC domains, and | ocations ere.a change in
notion profile is required. The car car rlﬁes a barcode reader that is
capable of 10 barcode ards dinitiating
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met hod can er route-constraine eV|ces such as
conveyers, r alr‘IOdes §eH Rfeedugaihydpiias (hraEkgments frgethst dﬁﬁ’tﬁe’éFe@ﬁ F“H@HV veerelieg es

(AGV), anong Cﬁohﬂbt&e to 2, Me@&&%PW&E&G@%QMQM&@ chdcP35Qde sACh OHVC
has one map fi| r.&ach onve is read to construct a

thec seo no r{g ve rou Prst tox ve OIMance.
correspondi ng 's ab lt 'ﬁ‘s e SR Showa “ah exanpl e construction of a

set of object éO%arFlaquﬁﬂﬁéwW@ﬂmpvmnlt@ VAGQsysigre ¢ idmisment Wit Vapeeitiembodi ment
]91‘ | It he pr Egentimé 204 'er@lod Th%cdmﬁnh cta,lvmsonfscernby@fmnogs t@w&e@rﬁeﬁtnﬁw Oi Red as
ol l ows. For eac eac 0 a ent mat ching a
Transit Poi nt "CHRAEYT ﬁ%n ﬁﬁcgci"ﬂg‘fnbpoiﬁg‘f g‘g’ﬁ&(‘iﬂy@ I\‘}Jﬂ Heppdi ngé“egach of
the pair of TIOCAYS] md%mnt Mg kdniples ateostdrédnid ted VA@rAfgphenst aith itegolmwirgndi ng
coordi nate of ;tdheRBaute (StartMarkl D, EndMarkl D), conpute the position

of fset between the points. Since these points should be coincident,
subtract the of fset °f rahflenehRe{theddiVai-coordi nate in the adj acent nodul e

to correctsp e Fab element ID of the current area where the car is located,
s 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),



10[ 00511 A set of interconnected nodes is then created as follows. For each
route, find the start and end points, and create a Node object for each

uni que end point. Create a NodeConnection object for each route that can
transition between nodes. Routes are directional, so only include
transitions from StartPoint to EndPoint. Figure 3B shows an exanpl e set of

i nterconnected nodes, in accordance with one enbodi nent of the present 15
invention. The set of interconnected nodes represents input to the Edsger

Dijkstra's al gokjdfdsy, conmputing the shortest path b poi nt s.
Fi gure 3C shows an (eip;r é55| on of the Dijkstra algorit h%lcﬁgﬁ‘g@\é\g%’dance W th

one enbodi nent of the present invention.!’Figure 3D shows an exanpl e out put

of the Dijkstra al gorlt m.as ?@E{‘ﬁ'ﬂed to process a second of interconnected
nodes, in accordance Wi tREHE et e Brherte opheseat i nvention. Point #5

20 in Figure 3D is now a)atemuesmpiehda%alwsa'aid@&&@ 4n@ no alternative course
(i.e., the nunber of nodes ca reduced b I the segnents

together). In the case g‘fn %e@lpg\?ne TG ‘%I’lt”%r#’ 5%&@‘3?'6“ FHOEEs cepges case
is frequent. Wien findi W@erﬁlhestaslhova!uestmcp»dt h$tatting g c koitiaBzimgdeitiflowatihg case

of no alternative r out eRediduhiddn, BE TdIPr r ure 3E
shows a data flow w thi gtlrt]et VAD s ég?e@ﬁﬁvtﬁgg?%&m?néﬁuh ‘pgoa\g/él" g‘éﬁg ig)()n 25
i nterpol ati on nethod, i A“HEEdP 3%‘@&%“{% Biraing iBepPREdcien, tI’(‘i’éd“?ﬂ’ Bepent

i nvention. At runtine, BichipQLodgiba ndkdieg tol Dmp-6f &dati@o Flos PheupAMAR, Moni t or

dat abase peri odi cal |l y f “g—tlv(g;, OflefidcR Data sanples are stored in
the VAO App Ser ro Iovmgﬁ1 elcn corrb?rrﬁgtl on: Fab elenent ID of the

OHV car, 30 Faﬂbloé? ]e%YlP"SI“B" 6‘fd sf"ﬁ@ ‘Sc‘b?“rbé‘ﬁfredallﬂé@ cfiprer e ehrat rodie witssetviseat ed,
Fab el EITEI’I'[ 10| Dpefodichlly f§rlnew canypies ré@ridving adistlof by ch@gal @dy updhadveti B‘gsmoné D Of

the route wherg.t l.ine and arc
route el ements?I %9@8%5%65‘%%4%%%@ﬁ&9%§hﬂ@f“f’?amp&ogfle? ‘g S he
vehicl e rel ati V@otiee tifiatcd tehigle pesitipise iny epgerdance Pigh eriet pmiwdigteatngs’ tvhpresehthe  dat a
was updat ed, amnentib) Ta¢ E]ﬁ)(t thdn ﬁd@ﬂﬂsﬁﬂer@hxaﬁfosﬁﬁ)ﬁtwa v éﬁ%@tux{f h%udin@%ec ate

past car statu ar herei n st at es include; Starting up,
Initializin St% On[?setswhet Shiee tﬂ?"ﬁee 384 flf’ (o) A e - (W Cl‘a'a st Aguding

St oppi ng, rcG’Pd‘tSti tfgoytsaaior thmﬁmlmg)travmmm wgerdepcePvittk i dotoditne@f tHunni ng
to Drop-off LopddchiGhentopadi ng from Pickup Location, Unloading to Drop-off

Location, Fr On]o@ﬂ; cf‘he )xs ))Q:%I &arlnterpo txonoflrjlstgfcz )perV\éélhltcie % I(?a%ln?er;loﬁ%?nrsl 85% kof Error.
CarPositionSample objects is empty, then a new sample is simply stored given the route
position and distance. If CarInterpolation’s list of CarPositionSample objects is not empty, an

20  attempt is made to find the path from the last sample’s position to the new sample position.
The node network contains hundreds of nodes, so it’s not practical to rebuild it for every
shortest path calculation. Instead, the same network is simply modified with temporary nodes
representing the last car position and the current car position. Unidirectionality is not strictly
necessary, but it makes the problem fit a generalized Dijkstra implementation more neatly.

25  The algorithm may be modified by adding some steps (cases) to handle 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

30 (8)(5X(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



[ 00531 OHV position and status is then buffered in the client. The client
polls web services 10 periodically for new sanples, retrieving a list of
any changes. Any updated vehicle positions are reported back in a data
structure. Figure 3F shows an exanple of a data structure reporting updated
vehi cl e positions, in accordance with one enbodi nent of the present

i nvention. The client then populates the vehicle position into a data
structure, including the list of routes for the vehicle to traverse. Figure

3G shows an exagph®yfgka structure including 15the |IS§,C\?652(§09,,13§.§§ for the
vehicle to traverse, in accordance with one enbodi nent t he present

i nvention. 100541 There is one Carlnt erb’bl ation instance per vehicle. If
Carinterpol ati | S Car Posi tionSanpl e objec t hen a new
sanple is si rrp??m% r!())urtﬁeftr {h\elgnd ptoﬂgonr%g eva"ggé ’}eélr’l‘ganodn ’8 tf"gﬁoééon foeet a

Car | nter pol at i &tdigaie Sititﬂtan@)iindCar Posi ti onSanpl e objects is not enpty, an 20

attenpt is n’B.dﬂ)()g@ Af thoil ﬁ;ep% padiddifpl0am CE%SI{I%BH &@Q@éeﬁ ﬁor@%{bgdng&‘lt tﬂg: the new
Saerle pOS|t|O e nod nt.ai ns En reds of nodes, so it's not

practical to r E‘Bfﬁ Fa v fogrml ’\%P‘?S Qfﬁ‘?)?"f‘%’sﬁf’ enybandlercsubteagis 2% FrBHATY PROPES, t he
same networ R i Bms{lpbopndynidi tAaengleniret ctrenpidneadnyg tmmumﬁphéﬁﬁﬁﬁtlpﬂglcﬁ]he | ast

car position apd.d s &Albe T 1 Q8 0 M BT i
p Pildedt NenLlihd efk &lﬂb BS%% bB Qﬁ guH:‘ El%h rﬁ&&r}ag%ﬁb b¥sitd taw{@t fa

strictly necessary, but it nakes era |ze
i mpl enent at i onvAHSt @9fwdieg W“S?Btﬁvﬁé’blé‘f‘b?ﬂﬁﬁ“t ‘r‘?Prfaﬁ@y“’Bf‘e‘s et theisapplededs ng some
steps (cases) Tienhanarent bt mewd scosmdlrouteOlist & csiRGABINyS(SUeYL BS0RI ot be

encountered in r.t.ai v i npl enentations). 100551 Figure 3H
shows as exa ?&geb%t&fiag& gyﬁgel%is?délrr{lewth tenporary nodes, in accordance

Wi th one er‘r?)odflo?\%hFOFG’Faﬂﬁ’Wesaﬁ‘P@ﬁér‘ﬁat 1 #HI% sanle #Ads af Q0S| and Falmglﬁr#é is3AH,
assum ng that f4e:10.r aekotdlidsRedeiiOie fobite AR for GHHbRAS 8% rﬁe%rs( 5)hé dichiZ)gisplaprer e

Isn't a choi Cetlrn(ljef1 JO%g I ggfﬂ%’ &)U HISS%OS(%)OK(‘E) %tjtl)xe tot):l t1m(§ for m ee gdaggéf?s%;ht here

i'sS no branch 0|n? T oni s e}
results from mnéme dugnoBiteveld imseta|2¢ tgrlliaffh@ﬁ@eamosndmateelanémdalum uping

preference WharLinR eSS Bhnfia FRURPRShdAD24 dABdion b@c&@p%eed@&m\b@mfmi §nddar €. there

u
was a bran pol wee 8 ure 3 check woul d be made
for a prev ousd‘SBQY bslﬂ%%?t “bﬂ"‘%’ %rﬁ rL%)g 26‘““(51) j Loty etf)'B‘é’?fB‘leé?o'B eddlse we
know al | rout esaphir e itininghort@c to roatch| histofibed ptathowigh the pdsgiop OBBichbet amsback up WO
2009/ 105724PCY, Ya20QAU OB4 L bt VRPN 2R S afr Rty GorfileQRUid G poOSi tion and

advance by one route fromthe start position to get a candidate start and
end. [0056] A E di spl ayed car positions on the screen.
I n one enbodi F@S8], Tht A@alydenm@odufel tudds odvierdita Hstrictuteipg@tienitlshe Vikalidatishier event

handl er subfraghs. 3k A5PAk Ll onmpmndq chnidued {o GeatelRd SEEHOH thésgsr fexarfp' e)

2 A toig i

fromcurrent tinme and then cal cul ates urrent positlon base
time. This caRerPeEnaem@Pst of therfal inrpere W%‘ugﬂ‘etﬂﬂi‘é’yw Pagrioncless F”ES%PQSIConSaan e
val ues and fi adnyeg sﬁ@rhseumovm@dajb@aiﬁshvmearyemmhlealﬁtarag:etetct lamaewasmla@t ween the

sanple times. Then ghecrrent offset in.the, s cong outeJr

) t alificat tC.. Th I
cal cul ated by “WITE i BINTA u G ETUF B G SR G h e raec??ﬁ ys's of the
el apsed tine. results gencrated by lhe Analyzcr module may indicate potential change requirements to the

25  visualizer phase (for example, changes in which data to collect and at what frequency). The
Analyzer module is capable of identifying opportunities for optimizing performance and
providing associated fab adjustment recommendations. Actual implementation of the
recommended fab adjustments can be done manually, or can be orchestrated through the
Optimization Module.

30  [0059] The Analyzer module is defined to identify data patterns relevant to fab problems
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



10[ 0057] For exanple, sanmple #1 is at 12:00:00, sanple #2 is at 12:00: 05
and sanple #3 is at 12:00:10. The total distance in the route path for
sanple #3 is 6 nmeters. The client's display tinme is 12:00:05.2, so only 200
mlliseconds or 4% of the total tinme for sanple #3 has passed and the

di stance traveled is set at 24 cm The Cartesian coordi nate can be
cal cul ated using the line or arc fornula for the segnent 24 cm al ong the
conput ed route path. Because the car 15 display is offset intinme, so is
the car status. w§bReyfaks Status determ nes the col or ofpgpﬁu&@agggc soit's
inmportant to match historical status with the position correct status
can be found by searching the Vehi cl eSt 3 us2_Pai r array for the position
sanpl e. ANALYZER NMODULE F R 058 he.An dul e builds on the
dat a |nfrastru§5hre p%§9igﬁﬁg %§ Aﬂq e%é% S al ﬁgh% 0" RbdiSI BPERIOD B des
addi ti onal tooP@maﬁﬁmﬁ%@ﬁﬁWQH@§mh®d%b@aﬂeﬁém@mexﬁ%omewhy@aﬂheseammﬁt
performance as Q@Gﬁd@rs@fdlﬁgm& rhea® vdilts Eﬂ?lrt%ndi%'ff ke rab VII%ICA&%%Z B iR L oF nCl udes
bot h basic anahxg bay, tool,

hi ft
mai nt enance, ett 5%3%‘ %g‘f Yanééonﬁ%dr‘éld%r@}%ldgﬁ?%‘éﬂ?ai gfgﬁ’s"agﬂ’tlfﬁ 1Sd%‘eléfé?p‘a‘ifi’a€%/ ver sus
gueue si ze énd ag @blper@maimcf inpatvesomg aethe rembhvingamatsydifs indBdidnt s cigegefoat ed by

the Analyzer mg"'&l‘gor@@%n"'t@%&@&oﬁa]pl@élﬁl@;oké’*e\l]l\ﬁhange requirements to the 25
vi sual i zer pha for exa changes in ich data to collect and at what

frequency) . éooﬁéi diry f‘é?lyzﬁbMﬂ‘i”é: ?féhecYafb‘alﬁYséWblfm‘f’%fé ftember efdidpetmanpt i es for
optim zi ng perhmmmameamanﬂ1pﬂmmgdmnguas&m@tated fab adj ust nent

recommendat i ons. A(‘Ctomparatngna SES: Eh erl x?crc] Ol ekl ! W?ng&r?q%&?%{e‘%éﬂem S

can be done manual I'y $& SIERESt REy gto?lrough
Modul e. 30[16059] TH@tlma@V,ée@bPrw@blesqts defined to identify data patterns

rel evant to fab pre@hliens. 2R QE. trgiapjaggrvt,@ﬁ,{]@@ce defici encies, and
facilitate determ nation of corresgon ing root causes. Wile analysis may

i ncl ude creati on® ofPRAERIYSSFFHSY ErP F@ka%@¥ﬁ§Th@ﬁ cFarpad s e 8%2¥y it shoul d
be under st ood thatShhananﬁhywmﬁﬁc&mwmdamy af forded by the Anal yzer Mdul e
i ncl udes provision % %?>i§51nd techni ques to create and expl ore hypot heses
about WO 2009/1653 25 F 6@/034791 19 performance for testing. The
Anal yzer Mbtlul B061§ Agwhben elinajyrdn Mofhde expetradesibedthamatiey TbetstyamModge t he

variation and wReekd Yi Bebidicgicki Jautaoapasafs tﬁaalaanvaer asa@k&%emaﬁ R&ir@Sind MO t ant
fab variabl es. Further,

as understandin t.rends
t he i nportance™ %Y %ﬁbﬁgg?{}é%@{ ﬁ‘g ‘tsﬁléo {ehiPdde PYBHdcaﬁEl[&I 3R SFPUPP AR HRBAIPT but i ons
of fab vari abl@sigrtgait rdegbnshipoanong dgader BasipleabGpeisfdofinvane enablaprusy es and as

the remaining dnfiH e aIQifmafn@Qlat'e mefs al %r?%)ﬁdﬁg%\ﬁgﬁcaflgngmtra%EJfPJalu (Mnﬁtﬁﬁ ion” to
"operationgl ruI e i nprovenent. 5 zer Modul e o

syst em pr ot deg o BRHBRS By é‘llsérff‘e P8 c5pte a’i‘ija?aﬁ fegsalrle fagtians al}f'es
i ncl udi ng but smet fihitivhd @albd @cessed by the user tsorgpaKmp idwwen Adna bny:S@SL pradidkd Br ences
bet ween "goodtmgggwnp@gmﬂéine peri ods, wherein
[0062] Rules can also be developed to include links to applications outside of the VAO
Productivity Suite. The Analyzer Module is capable of maintaining separate sets of rules to
25  enable access control thereto by various entities according to issued privileges. Also, the
ability to read, delete, and/or edit rules can be dependent on class of login and/or specific rule
security settings. The Analyzer Module is defined to track/log rules changes, and enable
rollback to a previously saved rule state. The Analyzer Module can be defined to generate
some rules based on linkage to inputs to the fab logic model. The Analyzer Module is capable
30  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,



10t he time period can be variably set, Basi ¢ Val ue Anal yses:

traffic janms, WP bursts, Qpportuni stic Searches: exploratory
anal yses, perhaps "canned" as tine goes on, Si mul ati on and "What
I f' Anal yses, and Rul e- Change Anal yses. 15[0061] A nunber of

Anal yzer Modul e features are described hereafter. The Analyzer Mdule is
defined to enable |ogical data conparisons that can be used for decision
maki ng and anal ysis. The Anal yzer Mddule is also defined to provide

GQUl - based creat {ygRyane,gval uation of algebraic relati og§ph%§wmg dat a.
For exanple, a GU is defined to enable a user to enter

mani pul ate rul es al gebra, i ncludi ng spe@Pfl cations of tradeoff val ue

functions 20 t ser can create and
alﬁ'(gi Onsgﬁzf:ﬁlg[%% a‘%;er d/ s or x?rac%on (')Afl New varia les dStIB%/ a{aﬁgts user

save reusabl e func unctions gan Ba
through a drop %ldwiyl%ﬁhgrﬁ sorls, @dlifunstieygl epdingipng, hr@lummalstytzsewl Woctighe The [ 0062]

Rul es can al so Ab@lyﬂaemm@&ﬂ bd Gfihd¥Gh P Gad foﬂkx%plh;oof%&%h Q%b oS TR lsde of the
VAO Productivit mai nt ai ni ng

separate sets y?at}f B dsep 6‘}1“5‘?@ %g&‘@ng\g"é%@ C%‘d’ﬁfi%g’fed ?H%‘fc’@f‘ FBY Y ERFOUS

entities acdor dialgistic. iFggigethalysis, v k gyesdatades Bhe Adyzabitdduk yadi i defimd 1o del et e,
and/ or edit rulgs£AMhR8 qlgngemgmmt% SHliAs mgﬁ cgplaaww%%ﬁo S?Aj%dgc rule

security settin g The Anal yzer Mdule is to trac
changes, and efi&bf¥ WYFH%‘P(@{COC&& bbr"é’(ﬂ"’%ﬁ&F’S?c‘é%@‘%’ﬂar@ﬁ?defa%tPa‘lf‘éma"F%éndAnal yzer
Mbdul e can be dﬁtﬂoﬁedpﬁlﬂatgﬁﬂ‘l&baisewsam riigepriltiag'e dr owhsdhmmg'age 40, TRPUtS to

the fab logic %ﬁ)lnhtl p@% %%Eﬁg %s u%e Sbsequc%??etieleég ana gfses aliuft%m 4 ng and

segregati ng{ acc Site. € Fab sites
are connect!édd P%fomcwomﬂtém tteﬁ%fr@dﬁ%yp%fémyﬂmegmrpxﬁmmffer ent versions
of rules for OMG@%@AMMZMO@MB& definet! @Snfipk nume )An@/ctntgesném%m% Modul e

can be devel op g nd te 81 and oL he reI eased f se by the f(:ustomer WO
2009/ 105724PCTH ﬁb&’?fnﬁ 156 O 69 TSR S & “R}B&L?F’é‘%f’owws for

extraction of ¢y (mr,iFéJMPesw#fprema@)(|“sttlmrfgsqmttea apetd thy fappkyieey ikt ers,
sorts, and fungttenal, bembinad j 1@m§asuaem§,lméomd Sitnalrh @it a%ongemﬁtahmﬁ “The

Analyzer ul e can be define rovide for are ata_.on atine
axis. Thewggee%fngfc%'fnﬁ)bﬁ?ﬁ? ’f’%""ﬁrsr% “C&&j’(g@i“aﬂﬁ'amgsrﬁ§C°9xy%i’r?“y‘z'§‘rth1\f6m?&é can be

defined to perhoichndrdguagoy -Apate reshitsagfabeysiffy, jan/cangestiboanalygs, imhelngsi s, on
a given data Sgfmingthen AN@hYZES 10 l}ﬁeeluéughzm MRuE &l D8 Gink B &ﬁérmyld@g@yeﬁl nanci al

nmetrics such a return-on-investne é‘ , activity-based-coSting (ABC),
etc. The Anal yPEFSEU0H e desitspd ‘B“e'f‘?f ‘"e&meB“E’é%E SRS A B PRIV B %&5
performance an@ptichizagmosdidsle apppibilcxatrécissr pseenagvetadtioamibiwtieftdonger pri nti ng” or

"basel i ni n%' q506f5f3‘§§ AnIlP&r Mo@tﬁcetgjlgrbk Eéﬁ'n&:gt/o l?c%& 'arQiI eggua?eaﬂ%negeckgsa%g b&rgs gUI de

Subsequent det al | anal yses an neasur e pe f ormance I mpr ovenents,
i.e., before dhdedtt &pe %Pﬁ‘iﬁl"ﬁ‘ﬁﬁc"éﬁll{sﬁﬁﬁ’b%ﬁ?@ﬁ? o tools, transport, queuing, and/or

process flows. The bottleneck/burst analysis can be performed on user-defined or pre-set time
scales to enable calculation and comparison of averages and variations. The Analyzer Module
can be defined to monitor fransport-dependent Jot cycle time, as a metric for tracking analysis

25  improvements. The Analyzer Module can be defined to evaluate load balances in the fab. For
example, the load balance analysis can compare transport loads of various lifis, cars, stockers,
routes, etc., on an average 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,

30  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



100641 The Anal yzer Mdul e can be defined to analyze traffic

j ams/ congestion within the fab. For exanple, analyses can be perforned on a
time scale, wherein a density of a given entity (e.g., FOUPs, wafers, cars)
within a selected area of the fab (e.g., tool, route, intersection, bay,
floor, etc.) is nmeasured and recorded. The traffic jam congestion analysis
15 can track tine histories, nonitor netrics, and issue warnings in
accordance with the fab | ogic nodel and rul es engine. Also, the results of
the traffic jamygengdashk on anal ysis, including warni ng§cw§§ 6,50nveyed to
the Visualization Mdule for renderl ng in currently displayed contexts.

Al so, the results of the traffic janl coﬁéestl on anal yS| s can be conveyed to
the Optim zatio i tive |on Wi t hin
the rab. | 20 10088) GhEeifl, RIABHEAEFESH WAR, B nBLAEN At A0 Mg

eval uate bott| e‘??é’é?f@"én’ﬂ‘ebﬂﬁlﬁcé“ﬁ"?\“‘@t Rdeffnggto W@CWWP@Wé@leStfm@Dvcamal ysis
can be rel at ed da@ ah®DaSsis Eemm@aﬁdus foﬂhbewclm& ParbH16%, ccmidaf:@&@ 3frb 08, and N€
bott| eneck/ burscto]ognﬁalsyﬁlss pm ;Heir orbma on user - g f re- set time
scales to enabl@ ¢ R S R o é"r“ga sméenéf‘g% T9tdns. The
Anal yzer Modul eAnebper @@ddeﬁﬁm@ddeﬁ@edrt@mrowm atwizgand foo cteathe pemdenks frai daycl e

time, as a net riegssfo® mhdu@f ieNGis@Nal Waddsie. 2B IA&rxlpz@N%iEﬁm Spmvﬂa$ qeaglyger
Modul e can be defjned to eval uate | oad bal ances in ab. For exanpl e,

the | oad bal an¢@PSRES J&ivEV@g R WAPUIE P9 LpiGF ﬂa‘qsc?&‘ﬁg"‘@ﬁ“%iQ?Xso’d@m‘l“iai‘ ts,
cars, stocker s, far ontiesys @b @lsp berplani backr digeAlhsersMadutk pravit@r A6 UDbased

vari ations and dgghg@%rdW%achggnsAnal yzer Mdul e can be defined to evaluate
and convey operational "state of the fab based on functional anal yS| s of
vari abl es. Bef il#67lilpree S‘Pb"ét“é?t“eé*‘ec%lﬁ'yb"é Mqdplg deqlesias 2rotOmpémistic iewtidier,” bl ue,

30 and red rul esich ﬁamsexernnkcafayc feira{(exmyupbﬁorﬁmmmcmﬁaal@ow@ﬂxem&aded f ab,
or normal fab. state i s can_al i f hase es to
track when/ how"iq‘w] t an%ysw VES® r%?ﬁ}é ﬁ??ela%gf e ¥ odeg'ﬁ%?t ?‘ler318¥°n£|)"?1ew Y&”%leszr}%r Modul e
can be defi nedviwlizgger ébeeAI\Ph/P*?ré@éulF eelie baydegyedtieprgvidedal m‘ﬁ@thflyapﬁalﬁtVer ns and
suggest nodi fi Sﬂ:ﬁula@iﬁﬁllaﬁ&f capaBEONMARBNGw pkQABE ] AR ARl WILE oM rHan be

defined to .export i,S results, .includin

2000/ 105724PCTFUE3T0G @H‘?‘Mﬂg’f“a“ﬁeo‘ﬁtseeai“%’“ Se?faa{“?‘@ﬂc“g?%s 8% P8} P51V r ogr ans
to allow for hizhehtagui dedicea dnte Hes tofupdert deceswa reakmganissoths fabTheulAval yzer
Modul e is defl&gsbuhpcamﬁama@levha,mmta@ersopfnp@ﬂna/mfs%se@@mew ng data and

anal ysi s resul Sppl. A vari ous for §uch as Parcto plots, contour plots, 3-D
pl ots, and col = map" plots can be generated to store
fab state finglpesi Thrttsafﬁc'léhngc@omamgmmmmldutoerdwawowelgdnefmmuhgtapammv| de a

wi zard for,gregf i ra&}g/esa&ﬁmﬁts il &mfs!@t P ACHRS édngésﬁont ,nmug,g hélieagual 1 zer
Modul e. The Anal yzer dul e provi des QJ -based boards for_ view ng fab

condi tions, suBAYHsad rraT"I“l @ ]’e&ﬁ? %‘(’ﬁ%‘y byt éﬁ%cf,‘ft“ B%V%"k 9 TEFY PR ftab
condi tions canAcaiitmaulyethqat’rﬁt}tadn@amk motliveinginadulezoen be\iztindao pmaddr de sfrect
QUI - based das hol?%glg(i %E céﬁyg‘? txqghgjﬁlg k‘a@tﬁopé}%mplg‘%qgé’ th;onéé‘sn&n’lﬁ Wﬁ%ﬁ% ot ot he

Anal yzer Module In ortunistic rovi des a
semi aut omat i ¢ SREFLAC (BRI COBRISEM YHISIICR pPEdvisn £ frich thsenaRAuF P! retums

human- i nt ez§ accam&raaéryx&ln&nﬁﬂgmaeerfaGdsmfbaaﬁll ing |large sets and defining

persi stent ne riables for visualizati zer | e n al so be
defined to pr\évoa@ fn aQ n i ﬁbsetm%ncon%moﬂlelveﬂtts asq%d%ppexsm rtrfﬁ:\gf :%}(’)cntr;%gpabl lity
woul d al | ow prce'tﬂe-‘élpiil mqm@rmg mediieecah iy dd@teé tha%'édy enlyohesesarggrtlaiond ® dat a,

and woul d all QngEéﬁBrf Qman@@hois w%&mﬁg rafalasesas aRf gadsCilBt iepfys on both
observed fab ort. deci |on maki ng. Al so,

the fab simul g{“lgf?rsécgggﬁiopﬁ ﬁ/le%‘ﬂ ?%%a?tcdctg"ge&?\}ﬁ’a?'%f’lfﬂn“%ﬁ'&‘i“&fsaégm it} SF‘?‘Fput s

and/ or sub¥et sotgicationd @gmings, alarms) to other agents. These notifications could trigger recording,
or later could be used by the automation control elements (possibly by way of the
Optimization Module) to mitigate the impending congestion event,

Traffic State Analysis Module

[0070] The traffic state analysis module can perform analyses to calculate Quality of Service



Traffic Con_gestion Mnitoring Mdul e [0068] The traffic congestion

noni toring nodul e provi des recording and reporting capability 20 for
traffic congestion events in the fab. The traffic congestion nonitoring
nodul e can anal yze and report on vehicle density within a section of track
or region of the fab. Additionally, the traffic congestion nonitoring
nodul e can be defined to consider the effect of |ocal tools on congestion
in the fab. For exanple, the traffic congestion nonitoring nodul e can

eval uat e whet hegoGRogss i on events tend to happen mhenI@Tgﬁggm&q;oughput
tool returns 25online after maintenance or after a down eve 100691 In
addi tion to observing congestion event s ?3s they happen in the fab, the
traffic congest t.orin nDdu ne to identify early
precursors/corrgﬁgf%%ﬁécagag%lé %ﬁ“g&%% bfraﬁgﬁ %fﬁﬁw?ﬁ%éﬂﬁ?ﬁ8°§rafflc
jam As root cdirEs cart/vevd asdriseyrs pr diccar o treffic omeetiat movisrimgreoduieas ed, t he

traffic CongeStréc@ﬁmgﬂﬁl'ﬁE ﬁﬁn‘s RYREN SRR MERR t§§thnr§91pmtal:tfoh ?oagvblg%
(war ni ngs, al arms) notifications could tri

recording, or fgfeﬁﬁggﬁﬂﬁgﬂgl%é@ﬁﬁbﬁhiﬁ%ﬁ%ﬁ?%ﬁﬁV?%W“@ﬁﬁF?5?’@“@@@ ﬂs
(possibly by wagrfoph atahyees Gptdeteimirartgi tempdvbghadeedant® imhd fagat e t he |npend|ng
con g est I on eve 'MO?I ]-R’(’}ﬂife fﬂ{eQraﬁc%Br?ge@QﬁlnXﬁfoﬁné\q? (<] QOCQSQQ erﬂien-[ néft{legf S t at e

anal ysi s nodul e_can perform anal yses to ca ate ervi ce

2009/ 105724 PCTPUSSBOSrersirrgd 2326"01( Bogpes ey as @§4 éfrfarf%tn@ﬁszﬂwgtwéfmﬁ@@st i on in
the fab, or a spésihotulaseatdio e fade inkdas &s@ﬁdrﬁaipbic%ar@&nn lB@laH&ed as
triggers to difgeg est i noni.t arin

recording traf 1Er§ St) D%tﬁgfag {o"%nfn%rjoge&f?e c@% 2stioh & Qa%tfon !For exanwgadegﬁﬁejel{ a?ﬁc derrggy %I rfeenpt i ve
action to d90|&9aﬁm§6v@ﬂ§@aﬁﬂaﬁﬁU@m@@mdﬂﬁk@ﬁ“ﬁﬁcvﬁ@mﬁaﬁsm¢W@C@rakhkc state

anal ysi s nodul & sednn &eio BeostefitcnBdddld sopR irhiRpdm e hal s e ufecwfeéée@tr@gﬁdm ni ng
Cc.congesti on

transport phas

noni t ori ng nodmﬁ%m o%ﬁ%g?gg%pg%bﬁFmPy?S‘m%ﬁéwwgﬁ&ﬂPg%hmﬁ?“@598F%gﬂﬂngestion
and reaction t@enchdirgyps pHerishoralsstiEgidn gatg)or rate i ncrease, the traffic state
anal ysi s nodul gg4aR6k MoSisrih@abdent i fy nDre i nherent issues and propose

changes i n_pehay] (rules) of the fab i nprove the congestion situation.
For exanpl ép @X{tzﬁihetl{sgfeﬁ“ m%tﬁ%rlgta?e“bF % ined (9 A BYP o ‘i"ﬁB‘F‘%‘é‘g"é‘%a“ﬁ’ég?m
critical "jamthadCSlagdy OHVC Frem tireakdtive sidgd, atdefram sk WSS (tovb dankreliegyaffonoper at e t o

send an event ﬁagg,@@.dmﬂu.m zf%al}&dau&@waéfagmammﬁnr %ﬁ,nper/&cnwsx@engmtag pugh the

af fected regi on nlg limted onl ghe riorit ot her
j obs being ei t'figrt ebﬂ@ﬂT§§7b?“ﬂéT%9%H’@Béﬁ@ﬂafﬁﬁ“&hmﬁ?WBPFFVNWFdt°
destination snmmn&h@EﬁﬁdEMQ@&omhﬁmmoE&mgmwgﬁﬂnaﬂakﬂﬂEﬂmaJhe E84 event

moni tori ngpgent, iﬁaregoe];;' Qv%gts tb ?r‘p%qH‘looﬁnd%&g ﬁotnpeagﬁ Irllarr] ware %an L 9 5“

especially for those events where the Active and Passive logs disagree on the event

(or sequence of events),
e Pareto by Delivery vehicle,
e Pareto by Carrier Type (FOUP vs. FOSB, FOUP brand/model, FOUP ID),
25 » Pareto by destination (by Tool Group, by Tool, by Loadport), and

s Pareto by Time-Of-Day.
[0073] The information acquired and generated 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.

30  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



the MCS and OHVC, fromthe Active side, and fromthe MES (tool controller)
fromthe Passive side. Thus, information about warnings and timng fromthe
Active side, and about tool state, |oadport (E87) state, and carrier 1D
fromthe Passive side can be conbined to provide high-level analysis of
trends of E84-rel ated problemevents, such as: 20 Pareto of events by type
(Tool -i nduced, Not Ready, Hardware, Unknown, etc.) especially for those
events where the Active and Passive | ogs disagree on the event (or sequence
of events), Pa livery vehicle, Par e ier Type
(FOUP vs. FCSB,Q%%ngﬁggnd/nDdel, FOUP I D), 25 Pareto %gT %g§?%%?ion (by
Tool Group, by Tool, by Loadport), and 2Pareto by Tine-COf-Day. [0073] The
i nformation acquired. an enerated by the E84 event nonitoring agent can be
o F e BB AR e BT O, AT POt (PR gEhd

used to track progress’in
regi ons/tool s fdrendet mbduéed inmhvaé y somsbimtich cfofisgesstié bandvaeed invdullds . dird® BAdvanced

E84 Di agnost i cSaMdyb&nitorhQddd amﬁoi@qéf@g%&t ﬁ%ﬁg@%&%&;& uh,es

provides a nore intense conbination_of software, rdware, and Service

activities to BEPUYPEI%CEPTS Bherstof B3 Trerist @ atnoy stieoipliessoferefeats ankgi ons
and/ or tool s5 i ciandnichi @okolydutifiehdn8oifs.eane v RN (dadiei MY AEEBsed b rebi@EUGE t he
error rate WO . 09/034791 23 and to aid in E84-rel ated
root cause analaégﬁéé %?ﬁiiéggg{#%%n%ﬁ%g%sﬁs C%iﬁ;’“vsé’ﬁ“é%%"ré%?%g” 8%"3%2‘5‘{ ' modul es
i ncl ude a conbifigt REMuests fichrias e e spiranhehaiorttheresss opergions ptocdEBds

parall el 110 nasisvahidgOhetvaB iidfualy GAIERIRALLGHRatRf1y I6A mbak dnal-e.gopnect i ons

and FDI M t ool -qlpegtic;tnori ng to capture true states of E87 carrier and | oadport
st at e machi nes, of presence and 5 placenent sensors during handoffs, and

of REID (cafri BT EmlysigdfaduleBased on results, the advanced E84 di agnostics

modul es can SugEes}trhé RO iahdlfisSAHALMAY Berba RATANR! GBS hierdaDBb MRYapESUl L i N

requests for changes to tool so e behavi or, or _changes in operational
procedures for ané'lcégf &ifi rﬁ%f”ﬂ’ét”\?\ﬂ%hﬁﬁhﬂ‘élt? o} o d "aRET é’fi’?yéﬁﬁ‘ioi‘i@%lFﬂ“Wel oaded

nodes of the twodifiedifor spereBtstloned ol (RRFechralty sitlgr ddvdled ©ol-10@DiA Himatieto RPT
anal ysi s modul gyi$,e 46 (€ Fnf Bo&@ﬁvfit?._r MR Joﬁ@oﬁ:@&tpvﬁyn@ﬁvﬁa_x%%% sQughput
anal ysi s ar}d reporti nge usi ng FDIMTinks to tool events. The anal ysi s
modul e can 'Be FPBYACY Pl ool and sk renirelies & gadiep the sersifis detaitd timing iplogatios gat her
det ai | ed t ool - bevelingi af e rpecifionod Gnd Rietifit 26ait OO lim{nanehufrad) JimpedD ghysitd Vi ty.
The FDI M tool &ngtdgtgdtlgﬁ/ or%grfsgrvmngcnggsr]nalg’%e H§e§91 éo% the fab. An RPT connection

agent can be provided to gather the detailed information from the tool. The RPT connection

agent can also be defined to acquire additional information from MES links (to identify tool

20  state as online or in maintenance, for example). An RPT GUI agent provides the ability to
study details of a specific run, or generate reports comparing multiple runs (and as the
program advances, multiple tools).

Operational Bottleneck and WIP Balance Tracking Agents

[0076] The operational bottleneck and WIP balance tracking agents are defined to perform

25  calculation of queue sizes by operation, tool group, tool, including analyses of
"bubbles/bursts" and "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.

30 [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 fumnaces). 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



15 connect to the tool and tool controller to gather the specific detailed
timng information. Depending on the specific tool and specific detail of
timng required, limted physical (hardware) detection or sensor
connections nmay be needed fromthe fab. An RPT connection agent can be
provided to gather the detailed information fromthe tool. The RPT
connection agent can also be defined to acquire additional information from
MES links (to identify tool 20 state as online or in maintenance, for
exanpl e). An RRloQ@degent provides the ability to stugdy,get@hlss0f a
specific run, or generate reports conparing multiple runs (and as the
program advances mul tiple tools). Opergtt'l onal Bottleneck and WP Bal ance
Tracki ng Agents 7 Th er at ott ep k and W.P bal ance tracking
agents are def L nad ?o&%telsf %)( m- ésg flac(??r Rk afva“or’n] %ﬁurgi’fé °§P“zﬂé§°°k§; BH&¥ at i on,
tool group, t oolPistangte figelithrgod fredtses egoupfing: flguflbbtlles¢ebuats>b siid @inghcd-gpeatien
reserve" or staifvﬁilbﬁporpdi@ﬁea%d%@&@l Tisle xﬁbgﬁxﬁeﬁrféﬁma%\é@i]&§ to d-gl;ﬁ?)qp%pc%{cgtl onal

bottl eneck and ance,trac i nts are defined to conbi ne
transport, toolo\tlw(g)uegie HAPETR gog’f %g‘i"éﬁe“& BY 9Pl WA P RreEona RUFUE B8Y  gr oups

t o under st arid [be paculpgeld amsensarf dhafisnands., jobs, Bdwr&ta 1GR PROF tyth aOTprdbOksSe
storage, buff enriRe thalaﬂﬂldt lﬁﬁﬁlﬁgﬁgﬁhocﬁy §tt astxéng fﬂ QZIZA asq%:r% tezlxkonalpro yeue size
information can b at hered from VE o Ical lTocation o ta‘%e) hd° f rom

t ool informati é‘ﬂwg‘i PGP T {Prensinels- éaﬂddleesm?fwlqgrfﬁféveﬁhpmffufrf @hﬁs “@fds,ttbvol s like
vertical furnacesf'reehe" gayiseriKirgase, (nasena&up&dp tandter s of carriers, of

waf ers, and of ¥ %Etg can oper.ation
(process step [ lﬁ a?rl%ugéﬁr%&l&@)th %Jﬁra b OQEII’IOX m@dbap%ﬁf g‘%’&?\/anced
anal yses cdﬂ pf‘%’i(}tﬁ d%d’Fﬁ%‘F TS ‘tfﬁaneélPté’"S/\éi"Qﬁftne@ IBWVIPV‘EYCI Caused by extended

2009/ 105724PCTﬂdJ.ﬁiBﬁ€b9a$f0{B§a7t&&ug8ﬂn t&ollsi dr ivG @kdwlel dfsﬁaﬂ‘ﬂng) Br dbWhskddf hdis kngl aCt OF

of starvation the nore.critical t tance" fromthe tool
(metrics accou%?lls g Yor hlmtfah?‘réhese pe Progﬁﬁc é{ﬁﬁatﬁ’%%tfoani‘%“% BaidtscoN of

non- | oadport - qU‘@EI@a nPQﬁ‘ﬁSlSP?Cé”mf@lbmas)n théThasdo praas Threenipditasiorsam tpeusesad t o
devel op netri cupd o "CMBUE NARBRINWBientd Topﬁi!éllhée&f%ctfv@Q(EHOQ%I:&%&%E%& collifor t 00!
group and qg)eratltggmt%feue may 5 be cal cul ated in ternms of wafers,
carriers, jObS ours, 8% a risk factor such as "probabilistic time" that
coul d |ncI ude ORIELIZRRAY HRRESt i ¢ events (such as tool breakage,

process sl owdopéys) m’@ﬂﬁmﬁz@rtﬁ&fuﬁrx@&ﬁﬁed &hibvide @,m,zstlaﬁomhsc h@&n%ﬁgo ery

tinmes. In other words, the unit of "reserve" my risk reser

nerely WP quaht ?ry’ealf’ﬁ’ﬁbé‘]sedA?fbf‘q’(é‘?ce‘aFPéﬂuﬂﬁg?”é R 'B?dr?’écPfHKW faheT%e‘#’atl onaI
bot t | eneck andpiihRebidbauivce définaiCtk iactgplly téhtralgfeinbiraticns i ih@edvetkbtp&fonBMk&
predictiong (i | an e

hi gh-t hr ougohpub!tm?o(%l s%%gvrlédg \@qeerée\l;\ef{&rgltg%gﬁ gl epé\)d&%S g%%\?m%qt%r eam etngenfs and
transport systoé?fﬁlza“l"’hieffi%f“fs T%ﬁagazafwrgmmﬁveewra@wwﬁﬁmtm Prsigzef MPdléﬁhanges in
storage or trarsgandblenaeds haidls pgdiidahtly cfxﬂebenﬁb@@lSmls&s wiiRouh RS dnBnifd

These i ndi cat |390r1§m§;0apmggtanq\§]eg ‘Y@‘anl puLs {noongot bmlineni ‘l?‘/b%ug‘if’ el enﬁnts for

taking corrective action é and to Cont SV PAFES MPRS he f ab.
OPTI M ZER MODUCEIF EATURE Systgni0ifan promisechapaes ivi fztetystivh dehleor tased oft I'syeiein-t 0

provi de opsi Miczat inGikoME(RMEEMABAJGORNE Qhsse CRBAN thi BB bREd &18RN: LifR), based on
advanced cal cyl,atigns and/or nodels of the fab. Thus, the Optim7zer Mdul e
is defined to actus Iy control fab operations to inprove fab performance 20
based on know%#té glddiamtedising stmdaidepinizdtiyz eppravtidubfepralafiiico corfiraima inadependent

optim zation tashs] ﬁw EheMoRtd 1 481 d:0B1ct R GhRILIY 1 y the
Optim zer Mdule are tirgwgbl e and cana ar?d | e S|pgnﬁ%| can Ifﬁ&egﬁaﬁg $ent

probl em sets Rl @ éo Ot SRS SERiicont chere ‘%Uﬁfg‘ﬁtafﬁ‘f‘ﬂa‘l’du?‘é’fwsistl ng of
rul es. | n3®neflenbotiomsnisiribttves, @t matier esighibghutetivaedaidesst capabnithge Syst ens

t hat propose &Qx%@grﬁa%' ihdhudt ArmVah %@?@ﬁ)\ﬁ' &hn Q&%x‘?}ﬁpme sv:nr%gé,s Le el;](}ample) 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



25l evel " nonitoring (for exanple, identifying "phase shifts" in the fab
based on new, energent behaviors). [0080] In addition to using standard
optim zati on approaches of predefined constraints and bal ances, the

Optim zer Moddule is also capable of manipul ati ng (nodi fying, changing,
reacting to) fab controls in response to significant changes in product

m X, product process 30 flow, tool count distributions, and narket

wei ghtings (relative product cost changes). These changes may inc:u?e
intermttent ch ort-term capacity price sw ngs xawpl e) or
Iong-tern1changg§g@§gﬁ%£ in production). AdditionalIy,Pfﬁgé%gtinlzer Modul e
is capable of anticipating events. [OOSff The Optim zer Mdule is defined

to optim ze the,fact s it exists. Therefore he. WO .

20001 1057 24pCT HBGH0V R e el b Tianba E R Pt EapabP & BPESAPS ol 17 ng
a nunber of valmEVaRdukidy. flo.de hhesdodums atrizrismeomiolen bametiabn. Al so,
i Pf f)_ne egb]?di mﬁlﬂda’tgl@_ﬂfc ie%@?fhin@@f@gr%l_ﬁﬂh% ﬁ%%u@%@tﬁ@ﬁb‘?f)th‘%m\ﬁ% th&llﬁ-%lecg’ d?{ ht est ed
of fline before enabli ul ], auto ¢ fa imzation control By the
Optimi zer Nbduf?pm¥ﬁéggygréﬁm?ﬁg’ggﬁ#ﬁ??ﬁ??%ﬁ”ﬂﬁdﬂ1@3%bﬁ‘W@mﬁét“WS'%perate
in either aS5suggesti oeleiden grioimodan action nmode. [0082] The Optim zer
Module i s def i i eaRtdMAGE SRR SreARERMLE L PRIUILEMAL Y, L he
fab. The conmmands. can be directed t o various purposes, such as pﬁanglng
priorities, redieri@dtithgmimpapds R 2R HFREFd 1B tvartops PYROSH Such @y chepgineuriorigssc. Al so,
the Optim zer Mideisy WP, dafiginpael stas bibe@ Et@cd e, thd@ptidilidr By&hSicfildie

Optim zer Mdule j : qgﬁf e iapl e t] 10.var.ie of
optim zation tgkﬂﬁﬁaﬁgé?minc gé?ﬁgﬁﬁé%ﬁmigﬁggpgg%%“ﬁgﬁ?ﬁfﬁénﬁyeggﬁﬁiques.
Tests can D& cragteforiifiraiapriechriauch énclpding baislingptanduopdingap feclnima¢snTagsiess t o
verify their sbaaiadtédtay? Ak ddarthei Qribﬁwpﬁrﬂﬁﬂkﬂftéfcﬂﬁhukﬁotvlaﬁyfﬂﬁh- stabfygRNel, the
Optim zer Module.is defin o,,r ecor 0 e opti.m zation techni ques
and nmanual ove?g??ﬁggg "fﬁ%ﬁ%p Pﬁ?%%g?g%g?g8h #ﬁﬁé@%ﬁﬁﬁé?F?%ﬂﬁfﬁgﬁwthe
Opti mi zer Moduprtimigticiefdmerts el roaup logeryide bf thheptinfraiopzenhniguss Widdititrelipr ovi de
optim zation 1heubihis M3AEe & Atnkb SopREAH el MBIy RE mb&R! 15 bloWBY opRABEH 0N

d d | at1 ons and/ or nodel s of e fab. ADDI TI L VAO SYSTEM
CAPABI L1 T1 25 PBOET P GRe TS ShEvdinshREH or0R0 HGIHES Y Hbose

"data" and "coefitheddt! i nterfaces to the MES and the other AVHS software
conponents,  t hepYARMNXIOUNEv¥TEM CRBABR IABGD! es

[0083] Through the development of VAQO agents that expose "data" and "control" interfaces

to the MES and the other AMHS software components, the VAO Productivity Suite enables

20  the following applications: 1) Virtual Material Handling Products, 2) Station Controller-
Based Material Control, 3) Super Cluster Tools, and 4) "Auction" Based Dispatch. Each of
the above-mentioned applications is described in more detail below. It should be understood
that the above-mentioned applications represent a small number of applications that can be
enabled by the VAQO system.

25  Virtual Load Ports

[0084] This concept is the creation of “virtual” products or product extensions that utilize the

material handling hardware as an extension of the current product. An example of this is the
utilization of load ports within a stocker as a tool load port (virtual load port). Although the
stocker is a product on its own and a semiconductor tool is a product on its own, exposing
30  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.



20 the followi ng applications: 1) Virtual Material Handling Products, 2)
Station Controller-Based Material Control, 3) Super Cluster Tools, and 4)
"Auction" Based D spatch. Each of the above-nentioned applications is
described in nore detail below 1t should be understood that the
above-nentioned applications represent a small nunber of applications that
can be enabl ed by the VAO system 25Virtual Load Ports [0084] This concept
is the creation of "virtual" products or product extensions that utilize

the materi al haqd)l lpzar dware as an extensi on of the %‘é@)ﬁ?oggm rﬂplduct An
exanple of this is the utilization of load ports withina er as a tool

| oad port (virtual |oad port). Although?he stocker is a product on its own
and a sem cond ct on its own, exposing 30 control
interfaces and L8h bher e REAING agents) to the stocker robot, |oad
port, and convd)ess] Angthepgpacaphibat tbepginessiossibiledry tixomdatiol df@nta el oot Bghts fdaese

nmec hanl SB as afe ﬁé@rﬁnﬁh&iﬂ Hstetr thth Q01 autohich Q!ms‘ ‘eX¥ehy mrtohs(ta’ongg %@ﬁfonso(guclt Oad
ports "seen" by th e increased, thereby iIncreasing a 'S

bufferi ng capabf |Si°tqg7fsvt“t ﬁ‘éet]ta“‘ttﬁeé 19013311984 BRIShFuchrilthtkpmetialthgndiing sysisl w The

| oad ports afe atadllyoemoed!” ifts dmmtdoheFret @t kesmdion stat@poillythé h@rexta(mindrmg\/}@

2009/ 105724PCT/ ISR A% 19%,.46 I sed Cont rOI

[ 00851 Anot her Cconce tl%ﬁ ? e%c%%getd %@;ﬁg{:ﬁ&gﬁ&ﬁﬁeﬁ%ﬁeg t?l\r{gn ot"f’isda

control agents CP%WII%’h‘éll‘rPét‘%er the josistich @ ‘f‘ﬁﬁe’sjgfsqﬂem gagh pthejtrathey gian lam‘ﬂl@ntact i on can
"extend" into Syaeagss dnﬂ(h&Sls@sﬁiﬁns( $ilbadh taﬁsSrhmI@aru%naladmeté%teaa%ob&ﬁent ool

| oad ports) sugh that r{tm ?:soc Ll &le, NARALT Ag ﬁ% emm'o§n,ﬁ fo @ﬁgto fé?bom

"absorbed" into the t an aut’ongt i°on St

handl i ng i slocoﬁﬁrrstrmne&memq staskey lopdporteapethérext ended” tool station

controll ers. Tlgaﬁecrueeme(nded tool station controllers wll handle the

| ogi stics of tg e di rSCtl‘%/ o each ather rather than be directed by the
MCS and MES syt BACHOT Bof™s SOUER'S 85 LBITr Y1 FRF Bt PO Shfreltver i al
nmovenent up a ancpretpttowlﬂsueh stadakdprocdshiesls intddeay oftrgtrblog] thold daabshegedanount s
to the stocker wob@RPintolDiLRPSEEET bH By QM ARG oBh Q&K%r 4 QRer BALh bLt&ee@inOt her.

Super d uster ool s 100861 A | ar ger extensi gn of ‘thi's concept

creation of* sufB&P SgihaLs are Py eI f’@B’i?sss%erﬁtc?dP‘(d%rét“?i‘rd“f"d‘éﬂmé“"‘s‘ﬂé'ﬁ nae a bay
of process t ooprscessrttp yagow finterechtion| fogiythd BEOE snd tin chealmispgeadsofroget Raﬁeri nto a
"super cluster gyt mtmgxon%ntaat mgp%t rootete%newﬁmta%mr%g% aQHI féf [p; bet ween

15 them so that as one tool letes 1ts process ers can
directly nove {BAEKEVAEYpe Lﬁ‘r‘@ée@ée 18 Ryt SRPEPiA (Yidg Sﬁ?%t"t?t?ﬁt@‘tﬂ‘?“?f‘b’ﬁ@ﬁe MVES
and the centr aif adiospihchn sfctiwgl @duchRee hetl cbdram dtvided b mg:resspméﬁedtﬁg goal

di spatch tg,de | o] t cher
woul d be ut@? | |C§)gl g}t&g eo Eﬁmshégc%tm%g/ﬁ%gfa{) Bl‘hr%gapu?g&wfcn tools tF % are c?ustf:rlp % n of
this kind of aVKft“tS'n"tSt‘P“d‘??Sf‘éeﬁﬂ weH pigeet pajaialmpvsyl cradd Retyan tfbtslltwle%fgmpf npterizl waf er

f ﬁb t hﬁr ebybr adeis, N tht b&rheﬁ@of@@mb @atch esMgé t%&ewr%mmailas a%meter | }‘ ab.
Thr oughput betyween to t hat red woul ased as we
since materi al ngrﬁ?\r}%(¥ §)*°°$“F’d9 "B A u‘ﬁungeﬁl%rﬁﬁ e A 23?? b&f“@?@ﬁ%ﬁt ssFdeds, and

t he over head ¢fPralWESspengdhespme disrftcess MCS t 0o conveyor conmuni cati ons woul d be
el i m nat edzs St@ediet” Bsge@baggchand under track storage can al so be added to
the cluster t apabiliti usin me interfaces. 25"Auction" Based
Di spatch No?ﬁ%ls%h CBWﬁ%é%‘Pde?:eoaﬁﬁ’lﬁd Céos%tglf)?‘i%ef@ ok ¥ 8T ¢ B of e 9™ i n a bay
of a fab, or Frlsttrihences dgsgived abbves Dipatchiemdeipt hagtihgidy hio@dotiab reess Dh&{éh@zt ch could

be handl ed by R oau,%ls%uldprqgae@basvttqraﬁ@er ntnmem agtau&En & SN g request
"bi ds" of transfer times in an auction fromall avail e or ne (f

avai | abl e "t 0B ¥@1able “‘Glref ¢ §a wRdd t‘relorvat}vé%te) Ptdﬂwulérqsaéﬁrthmm d

recei ve ti3e | tiat” 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



30 "Hot" lots would be able to put their lots up for auction first. The bid
time would be a conputed value including tinme until the | oadport becones
available (in anticipation of a lot conpletion) and transfer tinme to the
tool (stocker robot transfer tine(s) + any applicable OHT or conveyor
transport tinme). Prior to a bid being submtted, the status of tools, |oad
ports, conveyor routes or OHT routes woul d be checked so that any subsystem
failures would be WD 2009/ 105724PCT/ 11S2009/ 034791 27 dealt with in

real -tine. LotsydRediis, Method of dispatch will be noveg 4ol fig f! osest

tool (lowest nove tine bid) so throughpgﬁjl,i9 woul d be optim zed. Decisions on
material novenent would not be pre-planfed or based on out-dated
information, b edb he,, | i nfo n fromthe
tool s and mat etd%aétlcwh ans Uenrm s%gt% o1 tms%ﬁ\/i&{ % ﬁmﬁbe “{:{n%%e (g%sesﬁtofm 24
show a nunber @PVestpeeHshidssoghroyepyt ygeld wpé'mg@hé?ealﬁle@ Obyﬂatehé mgp@enly st em

in accordance Wikib nmafelpwﬁmﬁsdo&daaﬁe%%umama RBorRERAEHE dbiéBBd bPfe 14d Shoul d
be under st ood th are exenplary and do

Do B o B aya  BHAH T PRt ne ooy oy Y, and 4o
of the QU eéexaMalbedllof 10Fi gures 4.1-4.24 are briefly described bel ow.

100891 Fi gur es |fdssh rpbRVE 12, 2f4<'%9w)/ h %h&ﬁ%e’r %PEcre@Mhots bﬁvaﬁ%%@l@@&u@rai@h tbKJ gne
enbodi ment of the present invention. i ncludes a top nmenu bar 102

that includes AR NAccEBRterdh vaRE Fjﬁbaod‘l”lﬁ?‘s giohit rresent F”t’f@“‘@‘pétrsa‘t”lldotﬁ of the
GUl . The dr op- caiwstostetat tH0GUR REdDInEs Fighangi-Ag4 ok ckdaelatyadkild elb goaphiesetitapl ays to

vari ous for mt s, af. S0ALYS d,mon RS SPnd D B 287 FORNES ARt ect i on

of a particul ar menu es selection
parti cul ar 1P| oBgurest+ lrhe asf‘eq”é &erripgideloThe dr op- down nenu 107 enabl es
sel ection of ajopsy Fig@l‘dd ar sﬂabvaseab \Jlsuﬁlzer @ﬁs:fnl 0ddrdaftle With@nsahweined of theor of

the sel ected fab, bUt mclu a$| Z Oo%ggiz'ﬁ%t melug\eiiuim er ogeont\rlélew and a

top view of thpresemlmevfcz?nmcll own menu
sel ection of ab%typéor@ﬁmmhgppwtl@f ofttllifeméleﬂeecctr@olic’fvabwm 9 enabighehatpingtodn 113 i s

an on/of f toggh&tabekra fl@m&;}m@s &tﬁﬁ&ﬁrf&mﬁ)ﬂé\ f&h@alﬁissme@y@dmm&exﬁd DBlenablbe button
115 is an ?{ﬂofftto efo]r bh% rs on Oggqﬁ E edfabf{ﬂa@D The
button 117'1s * ‘ﬁ°‘8ﬁ R g}fl pote "é‘t?ﬂ‘fka APIBRFIEHE o447 BRTAYRLFf ab

fl oor. The butdfdr sm@eci fgb. dihe drep-ghn tnmyglloé efiaples seftpetio@HV arpartituds pbase,tike

di spl ayed fab steétxgprofthIlé@ccQB’tﬂB(Q%féagleléc§d@éﬂ m/bqéofn 1b@ggi,|€s téggimgt Rfvekpd ports
on the displayed fab fI oor. [0090 23 enabl es control

d
of actions suchea&y y r"’ofﬂ’lvh"g" Prféih&rs?'%ffedof?b ggorﬁ%]&l o8- ‘??&“d“‘“ﬂi‘ dpachiehl an. The
dr op- down nenuelddibn efuaipices dispgdyat the sdecefl fabdlodroTis bhadn 1dAtsan abief toggld for

di spl ay/ ang y%ﬁesstoc@?seonbcﬁé &Sbnayédsz%%b@bﬂh@%m%ﬁﬁw s 1A G/ O togglél%?‘{%% ks f the

sel ected fab floor as shown in t ons enab
i nst ant aneous Hedisplayedtvdlaor Fhsrhutnnd 1T Ay erdefbtossd bt sauipmeng ogythe d‘fpr“’d?ﬁ Engl i sh
to Japanese, \fibCRoN @hsSiutton NG if inedn@ffidekleSHraMsSORAY dates om e displayed apAb@Spondi ng

to the status el the GUI. The 30
interactive ?&1“%‘ rzzlsrag§en’?mg$ ﬁforéhgg’a%@%f ?Aﬁé’é%}éi%@gn oorF3 F4, F5) and by
phase (P1, P2 ]00@4)The S@Péew BEOR3 anablsaeaFolsif detiens Ticl MereTavting meterial er map 133
will causepst h@iodn%@fgtd &sﬁbat(:}f bl@Qﬁ‘h@H}dp phaSHnu 05 Ehasled @ibetioR obRrislisTi @yed 1 n the

QU . The GU further ?lspt] a‘fys 5{: d b%lon PAY & p?t¥1ﬁ14f5a sgapsh“@%i%gg‘?%{fgﬁ [ 00911

schemati c/ di aét% 4i°h ortion o

The GUI furt héporlanelhqu\deis U@F G@Ix\é“me \mltmdﬁow91®4bl¢snnwmac¢wua‘ wdwslgtan droimhei s
di spl ayed in 12200 AlohAp €24 REH B2R QOAPREAE Uce-versa. The field 131 shows a data

and time corresponding to the status of the selected fab floor as displayed in the GUI The

30  interactive map 133 represents the fab by floor (FI, 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 GUL 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



28 either tabular formor graphical form The button 135 enabl es access to
the MCS data of the fab for generating the tables/graphs in the | ower

wi ndow 134. Sel ection of the button 137 causes the data to be rendered in
tabular formin the | ower wi ndow 134. Sel ection of the button 139 causes
the data to be rendered in graphical formin the | ower w ndow 134. The 5
button 141 generates tables of the fab data in a new wi ndow. The button 143
generates graphs of the fab data in a new wi ndow. The QU al so provides a
zoom function f g into and out of the fab as s di spl ay
regi on 145. [Oogg]Z%E/ﬁg;ﬁ?e 4.2 shows a zgoned in view O?@%’)ﬁszbog?}ég‘?mg as
selected in the GU of Figure 4.1, in aétordance with one enmbodi nent of the

present | nvent o yELUR, o 3 hPHR, TLIARYs A0, 05nELRL 6 R fiespgnoe to

sel ecting button In ac
enbodi ment of tibefopeagaing therigdesiziaphs. in Fhegwee windgw 4 broelettive o3k bigfon Fegure 4.1

follow ng sel ecésus@nhmmtme l%ﬂlti&&ﬂm 13%ar fonn apﬁprod@mﬁdw 4y, Qngs&hadi ment of
the present i n\éentl wn nmenus associated with

each of the graph? ?%éat“?‘fé 3\%@1‘0 % Frgf)%? TﬁaPB‘Fal I%)rﬁ‘d? dhe Jovier windowa {40 Tipance
wi t h one entdodibntnt!4lofendriie tgdicesfoint fali datadm4 neorwindb®Fitg bintend 4 GgesdiawSraphsM ndow

generated in r%@@p@%%&mas,ectv%sdoagmt&&x%o 1430k B8 b onq% O@%H%%m 4.1, in

accordance with one enbodi nent of the present Invention. Igure 4.7
shows the GUI GWdOPi‘gfd}eéabA‘S%‘O‘f“’cl”ltwsﬁ@y’%‘?‘é}f‘tﬁ on of the second floor (F2) of
the fab in the oo Ergaetingowsazoddd, in vibw actoidanoes widdd ong. eobadigirnt of

h i f th d, fl F2 f
Ehg f;gslegtS'hgwmchaﬁmlh%thsﬁgbgmﬁ.@%%,%m%k@Q%rés?%gwet £ O ndu A0in hve)fgb

vi ew of Fi dfr eMer?tewntrwpwtﬂ@mSP'queabtiﬂem lﬁflnttfr?eGWImﬁf@sret‘iHatn aawedanqq vah

abnormal st at eonelemb@cs@f StanGReswit tnhen@ B F%a#eadlsmtmeqimtohelg% 2388lfowingvent i on.

oL XDl . 1 g, 200 G0t LS8 LR LA BDIRIEL S, T oure

button 127, i nFlalcc615dthGetthhdmlemm@mcmﬂth@fea@h@ tpfr eggntin ihevewnd i on.
25100941 Fi gur\em&)wlgﬂwmretm iBdbor@hc W BUER dhbddihoh IopWe rﬁgase?x?lne&lhbrpn of the
flfthfloo FPS%,,I,»Of the fab in the |({1teract|ve FIBR"EJB in_accordance with
one enbodi r‘r%nt © #-ASBE SSHAOY FOBHES BrePYRR K iTERa P di*Adt BB of he fifth
floor (F5) of Higee #&hn acgorddncawithione ¢ntbedichis pf tagpreseginventidd5. Figure 4. 11 shows
the GU of Fi quses) Agtdsd GlobOME BO1 x?f?lgﬁfétﬁl'IQQlonngEJ?é%no]nad?ﬁm@gégndltﬁ@ﬂf"ﬁggl but t on

129B, in accordance w th one enbodi ment of the present invention gure 30
4.12 shows t hd™GlP Bfhepngrsiye nen 434 gn 1PERIAYe Sap it egbrdgrenpp ke PESPPL) on
the fifth fl OonveﬁtEﬁ)TlﬁEchbxhelc/ﬁiabambf‘ltlhé)s,hgthld gledrgEL) o DING fab i shdven il B @isplopwn  MENUS

107 d 10 , t i t t
and 10§, qqg IEY ) e¥18s,h sqgegggp aNGEE WML 4y & elde%ﬂpc%&n r&ﬁeskhﬁmpresen

i nventi on. The ab viewin ay regilon e cars novi ng
al ong the rout®sn @t aknpgnaf %i%e’ M gecfaee Hthraee ‘?ﬂd@t?f’ta{f & raset ingengotbdenr  of t he
cars in Fi gur exa#npkroae eoli idliaedtititd 4 eikpyin bh®ndr@biefaR NG rduINew s 2QHshop.@avoi d WO

Shovs the. QUL STOR Burir 1ok PR e SRl R R et T e ERear el
embodlment of the present invention.

25  [0094] Figure 4.10 shows the GUI of Figure 4.1 following selection of the fifth floor (F3) of
the fab in the interactive map 133, in accordance with one embodiment of the present
invention. The schematic/diagram of the fifth floor (F5) of the fab is shown in the display
region 145. Figure 4.11 shows the GUI of Figure 4.10 following selection of the Japanese
language button 129B, in accordance with one embodiment of the present invention. Figure

30 4.12 shows the GUIT 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



portion of the fab grayed out, thereby enabling easier identification of
non-normal itens, in accordance wth one enbodi nent of the present
invention. It should be understood that the 5 various VAO GU s are
rendered in color with the status and type of various entities in the fab
coded by color. Therefore, in a color version of Figure 4.13, the
non-grayed out entities in the fab, i.e., the non-normal entities, would be
shown in the color corresponding to their status. For descriptive purposes,
t he non- nor mal fob/1 in the grayscale version of Fig re

i dentified by s eral 213. 10&0096] Figure 4. %ﬁé*@f@”?he QU of
Figure 4.10 foll ow ng sel ection, i 8er click-on, of alifter entity in
t he di spl ayed fg oqﬁkcn in accordance with one embodi nent of the pr esent
i nvention. Sel §Ct1"6% "S5 Fe Iifter entity in the displayed fab portion
triggers a popd?ﬂ%ﬂﬁm@ﬂlﬁi shes dla @l iFdes 4 eitt %albxhosnabptbmomghé aisplgeds pl ayi ng

the al arm hi st %Mm%ftiié"@b b@ﬁd%&uméb}f%bl&l %séxelh&%&ng df E#Em—mf Lgyr ¢ 4. 15
shows the QU of ure 4. fol | owm ng ecti e., user ¢l1 ck-on,

of a tool enti & i’f’%‘f feh g ?esemba%‘a“ Pé'ﬁe Bré’?et“l ‘BY?““‘innI‘ éf%?&‘érbaa%@"ﬁﬂ thef the
enbodi nent of wth®upYLQENTs drdreiid DrRoloSekhatd dtHR anf tyﬁehﬁve&@@ml&ﬁE lntﬂ)é fin the

di spl ayed fab I yhich LoV

sel ect abl e opt P%h%&%%%aloél%%%g'relllﬁgcoqqg%f)%f%étlgrt Tor a? oH en‘ilt'esfnmcf t ool .
[0097] Figure #bliE. é’ﬁmnqrwa} eemes ofouldibg ghognn mecqlclcpmqn@ns@nwsiam i.e.,
user click-on, F@fde@nptﬁ’l@pﬁi)&é‘skﬁl% n@Plokhdl ehtified iR eheGrasRhia Yo @lFlgi?Qrtltl'B%: in
accor dance vmtt}jmgjg € d{gren numer % t he present invention. Selection of the
stocker entity 118’ 'S portl on triggers a popup nmenu 231,

whi ch pr ovﬂﬁeswﬁ%ﬂl @tgvlalﬂllésf@[% iheﬁéﬂﬁﬁﬁgm‘sb] faNdwing stlbaiomi.aruwerligtanrafa t he j ob
counts, or the;steaeh merms@rapmtmmnfogrmfaa@rdaﬁ!e ok 6 AbAGKES of fd GUER 4. 17

shows a wi ndow, genergﬂed | [esponse to selecting the stocker information
option in the BoB FRioD g Hter friitgn) thepfispheed g@?%‘“%‘ T ggeTsiaPORYPIBTHance

wi th one errbodimmchm‘mvndaesepmew@mmmsrfmempiagz;ng thf @@@Bistdry guhejo¥l cdlBis slhows t he
QU of Fi gure tﬁc ge@ec(fe@llhgmlgge §ﬁ4 &9\“ fa GU'I OPFxgury§% foﬁc\b]f}é(se%@td) nen%be?

spreadsheet drop- down , I.n_accordance wth one t of the
present i n\}%nt‘ihﬁlhon S%ﬂt@?ftei“ﬁhmd]i‘e diRlayed fpoaroriopdR tecRiranps Wlae ARidimERS  pr ovi des
sel ect abl e optthm&erftmcrd:mslsblaymxngtheadsdlamsyldahaxslsatedsfab pértdnutigag a bopapspor t

j obs per bay, @,d i, ob, counts
per lifter, and a armlﬂp%f\gér%yg/ Q%Xtaﬁ%%pﬁr?flag&ipﬁa&\g%e%&n %&‘ﬁf}é’g{%?é&“‘ed in
response to sePdcti ng the transport jobs per bay option in the spreadsheet
dr op- down nenyod2Figirél4. BCbOwRGE! IbiFighre aN € fdioRiRg kelBih, iaf, uich@icpbESeNt

i nvention.,Fi ndow generated.in response 1.0 sel ecting
t he queued dj:O%SH) !%renhé ﬁlcgs‘)a ﬁd %Mr)]p?%e %a?cg?ij cﬁgg “Gro §<91 emd&r@ﬁu e‘i‘bS in
accordance Wwi t“ﬁ’e’éﬂ?é Sé%@dloﬁfbmf()@?r et 1rp‘h@@m*nyed fﬁb/mqndlmggers ¥\Bppup menu

2009/ 105724PCDh U%QQ BloB34 €8:1aB1 opt oQQfgxgdlspﬁbfggl the alémglﬁst&? %@@ob@oﬂ”t@mﬂ!
generated in response to selgctlln%d )ijglp H\}j per st ocker O%{IOI’] in the
spreadsheet drSPdSURMHER 198 S SLEST fAREe flﬁ) die™ B o bt f the
present i nventispmse Fisgerting e FPckehiofpgnatiompptidow tyeprenanead 23 hinrtes@ohsfe t o

sel ecti ng 4she gjgof 4qg)l41'ﬂ£c§or@a%56 \)Llfhfohggmbgﬂhlarg@fthpprgs@ﬁ mRkigadsheet drop-down
menu 125, in ﬁ%’ rdance with one of the present invention.

Figure 4.23 s Figutsi n’&c?W“ﬁé‘i‘Fe‘?[a]toé(ljlgi“‘i‘i k. 18§‘ﬂ]8ﬁ§‘é Sil?ft‘%l%vdts‘frﬁ{j“ktol‘}e"fal arm
hi st ory opt i ofheispreddhiectsijprpetads neat 1230 mpacchodancenm@milond 2mbodinenaefory glasge W t h

one enbodi Ment,,Qfiod ﬁgeagﬁa%tsp&mg%@%aﬁwﬁ'nm 5gbm%es§43f3 1d 0p§on93' of

Figure 4.1 follow ng a tog ton 1 de view of
the fab, in aélé%%yaléﬁer@uwafaﬁetbﬂélué%ﬁamémbsaﬁ*bem@wmde%bémr bﬁwbmuil@n 10
EXEMPLARY 3ENVBAADEtMERS] Bb counts per lifter, and alarm history. Figure 4.19 shows a window generated in

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.



[ 01001 In one enbodi nent, a sem conductor fabrication facility (fab)

vi sual i zati on systemis provided. The fab visualization systemincludes a
fab configuration nodule defined to virtually nodel physical systens and
attributes of the fab that is to be nonitored. The fab configurati on nodul e
provi des for construction of a facility |logic nodel that defines 15

hi erarchi es and rel ati onshi ps between conponents within the fab. To this
end, the fab configuration nodule generates a GUI through which tools and
i cons are provi gve)gm Qk,yirtual nodeling of physical systeps,ahd.attributes
of the fab, and o i erarchies and rel ati onshi ps between conponents w thin
the fab. [0101] The fab visualization sy8tem al so i ncludes a data
acquisition nod é?s gefl ned to 20 interface with the physical systens of
the fab and to lé hBE o 1ré{PY’Bﬁé‘I’nda‘é{tgénefafeSﬁ’i‘feﬁ‘e’“i’iﬁﬁ}§?li‘:"é{1’g &g dPeREs IRe dat a
acqui si ti on nodudcer pgiod @fthampdtadsteepdrgyvdod® ngemd 85 ain ageritnca mith anecmmbdixeém agent
for each systemeieLhid hilGid:2Rpud RS, 482, GEOL %e@aggm%sg&!se fesllp AL 2

gl ven syst emis customzed to Intertace Iven ys em WI

requi ring rodi PPCBETHRFT Bfer PN it %fpre%feéﬁrpeﬁavwetnhé%ﬁ iy %f%‘ifﬁfl‘@r"f'ﬁg’nw th
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enbodi nment t he Uisrtion nodul e and visualizer e are def i ned
to gat her and Wlewpefﬁeiﬁmﬂmﬁafabdata 5 to enable real-tine display of
fabrication famdu trive fapeﬁsa;mz@len \édlstehi nsd maua}g apﬂtacaahmmrm@dmeeremaae The fab
vi sual i zat b(en tem

associ at ed Wi t A aﬁew’tcﬁﬁﬁgs'%”?swﬁ erflehca o3 6'1?’r(%8f%1(){'yg%aon tﬁt'? Elal gﬁt :
nodul e,, the d!astansaﬁksﬁﬂaslatqmmowdweei,s defined Wlpswel# p &% agepdnd econawdgttnhe
graphi cal usergd QR kfsRmEwithin the fab. The data agent and control agent for a given system is
customized to interface with the given system without requiring modification of the given
system and without interfering with normal operation of the given system. The data agent is
25  defined to acquire data from the given system. The control agent is defined to direct
communication of the acquired data to the visualizer module.
[0102] In one embodiment, the data acquisition module provides a respective data agent and
controller agent for each of a material control system, a manufacturing execution system, and
an automated material handling system. In an extension of this embodiment, the data
30  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 visuatization system also includes a visualizer module defined to collect and

aggregate the operational data gathered from the physical systems. The visualizer module is



[0104] In another enbodi nent, a sem conductor fab productivity systemis

di scl osed. The fab 10 productivity systemincludes a visualizer nodule, an
anal yzer nodul e, and an optim zer nodule. The visualizer nodule is defined
to collect, filter, and present fabrication facility data through a
graphical user interface. Mire specifically, the visualizer nodule is
defined to integrate and present data from di sparate i ndependent sources in
the fabrication facility. In one enbodi nent, the visualizer nodule is
defined to col l\ggl,ag,code rules of the fabrication A& @by, wherein
the rul es include both business rules agf operational rules. The anal yzer
nodul e is defined to anal yze data col |l eCted by the visualizer nodule to
resol ve querie m zer
D I e e S e
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internal tgpl btelaﬁ&éﬂéahrpaﬁuer%@@gysﬁbrﬁm@aqr15@@9:[1&1rﬂ(gie Addi tionally, the analyzer
nodul e can i ncl ude operational _bottl|l eneck and work-in- Fro gress. tracking
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di scl osed for nonitoring sem conduct or
analyzer module 1s defined to perform comparanve analyses between different fabrication

25  facility operational periods, basic value analyses corresponding to particular operational
instances, exploratory analyses, fabrication facility simulations, and fabrication facility rule
change analyses. The analyzer module can also include a traffic congestion monitoring
module defined to record, analyze, and report on vehicle density within a region of the
fabrication facility. The traffic congestion module is further defined to identify precursors to

30  congestion events and issue corresponding notifications to 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



operations. In this nmethod, operational data is acquired fromdifferent
systens within a fab. 10 The operational data is acquired w thout
interfering with nornmal operation of the different systens within the
fabrication facility. The acquired operational data is then aggregated.

Al so, the aggregated operational data is rendered in a GJ wthin a visual
context of the fabrication facility. The visual context of the fab shows
icons for different systens from which operational data is acquired. The

aggr egat ed opergphppak,data for the different systenms 15fgs,sbhlol aneously
di splayed in relation to the icons for the different systens. [0108] In one

enbodi nent, operati onal data i's acqui reazfor an automated material handling
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for perform ngwﬁla%@ra%ﬁrdaitalxs%@@ire&r 6 APRAIRLYSBRY dBE0S BE ik ¥yseast r uct ed

for the required eC| al se co uter When defi ned
as a speci g? p‘ﬁ?fﬁ’g 8}%‘3’? mfel?fé*o’st f°Ptbjﬁjpf? rent systerns.
2009/ 105724 PCTIOUUSBRBODL @rﬁﬂb?iﬁd.en@&»ccaaonaadasos prgvifed rion ap teitematglr magesShandjing pr ogr am

execution or rs?Hérﬁ n@&cﬁlkba;ealq{n% ﬂ%gﬁonp@alfat foPLar%D@co%p%%c@sl wihif %Q%c%ﬁ' e still
bei ng capabl e of operating he speci al pose. Alternativel

oper ati ons may™#ay- ﬁl”&f?é]stg’é‘-'d"’ﬂ?"néiaﬁé‘?‘ié(i’%i’lus i?ﬂY‘?ft‘f’sc%g vatipdtR Bricaliop et ?ly\fé
activated or ool guviedch ley-tieaepdate ofDViMalcoElE ef thpvaogusatsedhaes @ch rowe t he

conput er ngdmrl;{a{ph tﬂlgt&%gagalﬁg;&tlgge@agg over a network. Wen data is obtained

over a network rocessed b¥ ot her conputers on the network,
e.g., a cloud [B¥9Hhsuldi ‘??g““ﬁ%%‘ﬁ?drt@ééhe YA Propuctiig e difrlashiereigfeat e VAO
system can al s@rdaén daﬁglmedma,&u@ aﬁ&cmgian fohat o & anpher Baaglamadiff. gopne st at e

to another st Qhe mventlon cgscnéledq;a%mrc%pg (E]ecﬁ as corrnlt)tlltgrlreeaﬁabtlehcac‘lﬁe (():nasp co?n%uter
readable medium. The computer readable medium is any data storage device that can store
25  data which can thereafter be read by a computer system. Examples of the computer readable
medium include hard drives, network attached storage (NAS), read-only memory, random-
access memory, CD-ROMs, CD-Rs, CD-RWs, magnetic tapes, and other optical and non-
optical data storage devices. The computer readable medium can also be distributed over a
network of coupled computer systems so that the computer readable code is stored and
30 executed in a distributed fashion.
[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



represented as an el ectronic signal and electronically manipul ate data. The
transforned data 10 can, in sone cases, be visually depicted on a display,
representing the physical object that results fromthe transformati on of
data. The transfornmed data can be saved to storage generally, or in
particular formats that enable the construction or depiction of a physical
and tangi bl e object. In sone enbodi nents, the mani pul ati on can be perforned
by a processor. In such an exanple, the processor thus transforns the data
fromone thing woamakper. Still 15 further, the net hedsyusannheprocessed
by one or nore machi nes or processors tggt can be connected over a network.
Each machi ne can transformdata fromoné state or thing to another, and can

al so process daéaﬁahoséé{@m?l%a' ;;r&eﬁltngr}fi‘t%%n Efeﬁfgﬁm; rogtﬁnte tth zﬁ% Q}?t y\?lallz]

di splay the result, or conmunicate the resu t o anot chifne.
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correspond to ‘' ullete{’srfongﬁ‘%nc(%ﬁ@%?ﬁeéﬂtt%nd’lthfe i0%d"at the first time, a conmand
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identifiedaPy dhteciRAChR thbR RIS RCHSIA Pon reading the preceding specifications and
studying the drawings will realize various alterations, additions, permutations and equivalents
thereof. Therefore, it is intended that the present invention includes all such alterations,
additions, permutations, and equivalents as fall within the true spirit and scope of the
invention,

25 What is claimed is:



2. The sem conductor fabrication facility productivity systemof claiml,
wherein collecting conprises: collecting the fabrication facility data from
di sparate sources in the fabrication facility; wherein the operations
further conprise: integrating the fabrication facility data collected
fromthe disparate sources in the fabrication facility. 35

collecting rules of the fabrication fag4lity, wherein the rules conprise
one or nore of business rules and operational rules. 4. The sem conduct or
fabrication facility productivity systemof claim1, wherein the decrease
in the performance is further indicagjxe9f one or nore fabrication
facility problenms. 5. The sem conductor fabrication facility productivity
system of claim1l, wherein the operations further conpri se:

perf or m 1) COMPABh|RIANA HAEHADAARLKEA Shefl oSRRKIgTEN S comprisi ng

the nodifications; wherein ent e at
nodi fi cati ons cmwpnmgnspnmd@msnmﬂlng based on perfornlng t he conparative

anal yses. 6. The semnicon ucé @rlca |on aci.l H¥n91nsUCt'VHL%z§¥Ste”]Of

claim1, whereiftHe"0pef Atk er‘isre"”rdﬁ £ HEt % 8%‘;%“%63 to ructions

executable by the one or more processors to perform operations comprising:

collecting fabrication facility data for a fabrication facility;

identifying, in the fabrication facility data, data patterns;

identifying, based on the data patterns, a decrease in performance of an operation
of the fabrication facility at a first time relative to performance of the operation at a
second time;

implementing, in response to identification of the decrease in the performance,
experiments, wherein an experiment comprises one or more modifications to conditions
of the fabrication facility at the first time;

identifying, based on comparing results of the experiments, an experiment with a
result specifying an increase in the performance of the operation relative to other of the
results for other of the experiments; and

executing, at a third time when conditions of the fabrication facility correspond to
at least one of the conditions at the first time, a command to implement at least one of one

or more modifications of the experiment identified by the one or more processors.

2. The semiconductor fabrication facility productivity system of claim 1, wherein

collecting comprises:

collecting the fabrication facility data from disparate sources in the fabrication
facility;

wherein the operations further comprise:

integrating the fabrication facility data collected from the disparate sources in the

fabrication facility.

3. The semiconductor fabrication facility productivity system of claim 1, wherein

the operations further comprise:



monitoring the traffic congestion in the fabrication facility, wherein the
traffic congestion is indicative of vehicle density within a region of the
fabrication facility. 7. The sem conductor fabrication facility
productivity systemof claim®6, wherein the operations further conprise:
calculating quality of service nmetrics that characterize the traffic
congestion within the fabrication faciBfty. 8. The sem conduct or

fabrication faciljty productivity systemof claiml, wherein the operations
further conpri s&?l‘eﬁé‘& %lf%()ﬁaﬁetfjﬁlawailwg agihiby. POBIIORE FHES QORMIIE ARG ringthci | ity

dat a; wher gf Busind@nick ¥hd\Ghetdi@nsldtigs.pat terns conprises: identifying, at
| east partly based on the trending anal yses, the data patterns. 9. One or

nore conput er-readabl e nmedia configured to store instructions that are
execut abl egby o : : S i €0 | SI:NQ:
coIIecting4Tabr?§3%%gn cgg?f?%ﬁéagﬁaagﬁppg%bgﬁgpgg??@%(?S%Pﬁigsakﬁég

i denti fyi nthe depresadgan ftlabpérbampane if Aoitter indictivaof deet er patet febmetion facility
identifyin%,b@aged on the data patterns, a decrease in performance of an
operation PPTRE fabri cati on facility at a first tinme relative to
performance of the operation at a second tine; i npl ementing, in

response tp identification of the, decrease in the perfornmance, experinents,
mhePein angexpe%ﬁﬁﬁﬁw%BWﬁPT§%§w@H@1%WﬁﬁbW8dWBHF¥F %?PdﬁgEP@ LoWfrEifons of

the fabri catbpdraticagithritey c@hprisee first time;
performing comparative analyses among a plurality of experiments comprising
the modifications;
wherein identifying the at least one of the modifications comprises:

identifying based on performing the comparative analyses.

6. The semiconductor fabrication facility productivity system of claim 1, wherein
the operations further comprise:
monitoring the traffic congestion in the fabrication facility, wherein the traffic

congestion is indicative of vehicle density within a region of the fabrication facility.

7. The semiconductor fabrication facility productivity system of claim 6, wherein
the operations further comprise:
calculating quality of service metrics that characterize the traffic congestion

within the fabrication facility.

8. The semiconductor fabrication facility productivity system of claim 1, wherein
the operations further comprise:

performing trending analyses on the fabrication facility data;

wherein identifying the data patterns comprises:

identifying, at least partly based on the trending analyses, the data patterns.

9. One or more computer-readable media configured to store instructions that are
executable by one or more processors to perform operations comprising:

collecting fabrication facility data for a fabrication facility;



i dentifying, based on conparing results of the experinents, an experinent
with a result specifying an increase in the performance of the operation
relative to other of the results for other of the experinents; and
executing, at a third tinme when conditions of the fabrication facility
correspond to at |east one of the conditions at the first tinme, a comand
to impl enent at | east one of one or noge nodifications of the experinent

identified by the one or .processors. 10. The one or nore
conputer-readabF@nﬁgﬂﬁamdggéSQ&WPgi“ﬁﬁép@? AARAEEEI ng conpri ses:

col I ecting the {RbfifyaRt bABd bRl dataypataing o dRFBasH BRRFBINANSOB &ESpetdliohhe
fabrication facility; wherein the operations further conprise:

i nt egr at i n§f thefabrigstipe daqilip at aciinst tippegaletve & pederadnder ofnihe pegtianat at e
sources ingl.hgqfiabrication facility. 1 1 .The one or nore conputer-readable
media of claim9, wherein the operations further conprise: col l ecting
rul es of the fabnplemeitiog, natsspanse/ to idhetifedationt he theudeesassoimphe perfomencs, nor e

of busi ness r an erational .rules. 12. The one..Or..nore ...
conput er - r SHGAB Bomad a o’ SPal IS CMAerER° PhECGEPISHR ' R Y or mance

i s furt herof thefabatitiva fafilitpaethefirsmame; f abri cation facility problens. 13.
The one or nnre.cqqguteg-r adabl e nediahoff&lain19, yherein_thetogﬁrations
further conpri Sléi;:n it¥ng, based on comparing results of the experinients, an experiment with a
result specifying an increase in the performance of the operation relative to other of the
results for other of the experiments; and
executing, at a third time when conditions of the fabrication facility correspond to
at least one of the conditions at the first time, a command to implement at least one of one

or more modifications of the experiment identified by the one or more processors.

10. The one or more computer-readable media of claim 9, wherein collecting
comprises:

collecting the fabrication facility data from disparate sources in the fabrication
facility;

wherein the operations further comprise:

integrating the fabrication facility data collected from the disparate sources in the

fabrication facility.

11. The one or more computer-readable media of claim 9, wherein the operations
further comprise:
collecting rules of the fabrication facility, wherein the rules comprise one or more

of business rules and operational rules.

12. The one or more computer-readable media of claim 9, wherein the decrease in the

performance is further indicative of one or more fabrication facility problems.

13. The one or more computer-readable media of claim 9, wherein the operations

further comprise:



perform ng conparative anal yses anong a plurality of experinents conprising
the nodifications; wherein identifying the at | east one of the

nodi fications conprises: identifying based on perform ng the conparative
anal yses. 14. The one or nore conputer-readable nmedia of claim9, wherein

t he operations further conprise: nmonitoring the traffic congestion in
the fabrication facility, wherein the gyaffic congestion is indicative of
vehicle density wiithin a region of the fabrication facility. 15. The one

Y .
or nore conput ePSFAREFUNRAEIIVE Agplyess AAngA PRt Ph eXsESBS rRMPEIRIELT ur t her
conpri se! the modif§@ti6htt ati ng quality of service netrics that characterize
the traffic congestion within the fabrication facility. 16. The one or
nmor e conput er - r vhgraisl identiddngthefat lehsions of theymedidicetianh eompsesit i ons f urt her
conprise: perforag: bk [ anaki Lcation facility data;
wherein identif%@ﬁgggﬁéﬁgﬁfgqfatté¥%§é€§ﬂﬁ%?§gggg{‘%htifying, at | east
partly based on the trendi ng anal yses, the data patterns. 17. A nethod

i npl enent ed, by e or nore processor conpri sing: col,lecti fabrication
et by, daba’ s S o™ o Blofe PSR firiey SeRh o iy fgieiin riopdigidnia | on
facility daither cdaipaispatt er ns; identifying, based on the data
patterns, a decrease. in performnce, of, eration of Rg% fabrication
facility at a fWP@F#WEHEgpéﬁgtVV@??@“d%?&b? ﬁ?@@d%mﬁﬁb_ E?bﬁpdﬁﬁﬁf a
second ti N&ngestion is ihdBAREBAVEHIEe déldity QISR R of B8 Mirfchitat fa&Nlyof the
decrease in the performance, experinents, wherein an experinment conprises

one or nore nodifications to conditions of the fabrication facility at the

first tinejs,  The bileoHt by &%pu%—%&qaﬂg ntEPS L1kh icﬁ%e&én Qhe Bﬁ@ations

L)
experinments, an experinment wth a result specifying an increase in the
per f or mancfrthér comgrieper ati on rel ative to other of the results for other of

the experiment Séalc%ﬁging quality of service metrics that characterize the traffic congestion

within the fabrication facility.

16. The one or more computer-readable media of claim 9, wherein the operations
further comprise:

performing trending analyses on the fabrication facility data;

wherein identifying the data patterns comprises:

identifying, at least partly based on the trending analyses, the data patterns.

17. A method implemented by one or more processors, comprising:

collecting fabrication facility data for a fabrication facility;

identifying, in the fabrication facility data, data patterns;

identifying, based on the data patterns, a decrease in performance of an operation
of the fabrication facility at a first time relative to performance of the operation at a
second time;

implementing, in response to identification of the decrease in the performance,
experiments, wherein an experiment comprises one or more modifications to conditions
of the fabrication facility at the first time;

identifying, based on comparing results of the experiments, an experiment with a
result specifying an increase in the performance of the operation relative to other of the

results for other of the experiments; and



38 executing, at a third tinme when conditions of the fabrication
facility correspond to at | east one of the conditions at the first tinme, a
command to i nplenent at |east one of one or nore nodifications of the
experinment identified by the one or nore processors. 18. The nethod of
claim 17, wherein collecting conprises: collecting the fabrication facility
dat a fron1disparate sources in the fabsgcation facility; wherein the nmethod

further conprise . i Nt e atln the fabr ion facility dat
Lol | oct ed 1T om Erssuines gt e S b bond ok kb Bhugioh Bohi Fireiondile.  The

met hod of gf l@ésﬂbﬂe7oftﬁ&66nﬁﬁfon§ﬁmﬁl%t fgé, a comman@ @ InQAEhAE af 1AL SnObf dne
fabrication faC|I|t%ﬁ wherein the rul es conprise one or nore of business

rul es and 8pBPEIMshlgatippy efdhe experimpnt igastifieddpthe ENAPIIAE PregsEsPss n t he
decrease in the performance is further indicative of one or nore
fabrication facility problens. 21. The nethod of claim17, further
conpri singi8.  The pethpdphilaign Ebmparcat ollectingabywdsesanong a plurality of

experi nents CO”PJI[C%tltr&gth%%brn%gM Ifacﬂ t#gi fr(}’m%sg %te goglpcek iy It}pegfa%rr}gat%% | east

one of the nodifica I Ses: performrg the
conpar at i vécdimgl yses. 22. The met hod of claim 17, further conpr|5|ng

wherein the method further comprises:
integrating the fabrication facility data collected from the disparate sources in the

fabrication facility.

19. The method of claim 17, further comprising:
collecting rules of the fabrication facility, wherein the rules comprise one or more

of business rules and operational rules.

20. The method of claim 17, wherein the decrease in the performance is further

indicative of one or more fabrication facility problems.

21. The method of claim 17, further comprising:

performing comparative analyses among a plurality of experiments comprising
the modifications;

wherein identifying the at least one of the modifications comprises:

identifying based on performing the comparative analyses.

22. The method of claim 17, further comprising:
monitoring the traffic congestion in the fabrication facility, wherein the traffic

congestion is indicative of vehicle density within a region of the fabrication facility.

23. The method of claim 22, further comprising:
calculating quality of service metrics that characterize the traffic congestion

within the fabrication facility.



monitoring the traffic congestion in the fabrication facility, wherein the
traffic congestion is indicative of vehicle density within a region of the
fabrication facility. 23. The nethod of claim 22, further conprising:
calculating quality of service nmetrics that characterize the traffic
congestion wthin the fabrication facility. 39 24.The nmethod of claim 17,
further conprising: perform ng trendi ng9anal yses on the fabrication
facility data; erein identifying the data patterns conprises:

i denti fyi ngB' at Pgasthod of elpim Lié@%l%ﬁommﬂﬂgf endi ng anal yses, the data

patterns. performing trending analyses on the fabrication facility data;
wherein identifying the data patterns comprises:

identifying, at least partly based on the trending analyses, the data patterns.



