METHODS AND APPARATUS FORWHITE SPACE REDUCTION IN A. PRODUCTION FACILITY
HELD OF THE INVENTION The pre'R..nt Invention relates generally to marailitennlitg
automation systems and 5methods for DIOVCtilein of material in a prochettion facility. BACKGROUND
OF TIE INVENTION The manufacture of a product typically involvesii. number of processing steps
performed in the se%uence. In most instances, these processg)ﬁ‘g:st%%i are carried out on more than

one piece dfiproERRSIAY BAEMBAT EaéR B YRE AT AATFOIESI MO HrEcENi iilimbers, For

10example, the manufacture of electronic deVic&dih g wafer fabrication facility involves the

performance of pron essinu steps suchigs film e pegitiony pRatahiiogritphy, etclfing. beta treatment
and dopant introduction with respect to a wafer substrate such as silicon, While it is Or ssible to carry

out some of the-pi-messinehstepsinasingernatieasindrsiipmeptaitis case hatdhe substrate will
have to be transfened between iliftitint processing 15equipments situated at different locations within

the produgtigndelilaovEigeect shewsiakapnsiirbosaiandacility layout 100. The fabrication facility
layout comprises a plurality of bays 120 located on opposite sides of a main bay or central isle 140.

Processing equipments 150 for progesKaREABITsuIsirae ssaveEsmranged in a loop within a bay 120. A
plurality of wafer substrates axe generally grouped together and placed in a carrier such 20as sealed

pods. The waferrsubsiiaipstare sfapttanspaiedNvithivothescaitiensbetwess diffigranpionatiansin the
production facility such as processing equipments 150 and storage locations. Automated transport

systems sugfe asqaveEbead HoistiansRertipwn)systeins sepbsirataritadienhaneliag thahois: pitanatie
or rail guided vehicles arc typically employed in transporting the carriers between locations. In Figure

1, the autgrpasesdianspapBYSieREPiisas ERaOdd RRsysiesre habudisigdrackabt?? and 142 wit it a
plii raiity of earner transports (not shown) coupled to it. The carrier transports are adapted to transfer
onejQr mexersaliens araumstthe pradeationc devices in a wafer fabrication facility involves the
performance of processing steps such as film deposition, photolithography, etching, heat
treatment and dopant introduction with respect to a wafer substrate such as silicon. While it is
possible to carry out some of the processing steps in a single processing equipment, it is
generally the case that the substrate will have to be transferred between different processing
15  equipments situated at different locations within the production facility.
Figure 1 shows a known fabrication facility layout 100. The fabrication facility layout
comprises a plurality of bays 120 located on opposite sides of a main bay or central isle 140.
Processing equipments 150 for processing wafer substrates are arranged in a loop within a bay
120. A plurality of wafer substrates are generally grouped together and placed in a carrier such
20  assealed pods. The wafer substrates are then transported within the carriers between different
locations in the production facility such as processing equipments 150 and storage locations.
Automated transport systems such as overhead hoist transport (OHT) systems, substrate carrier
handling robots, automatic or rail guided vehicles are typically employed in transporting the
carriers between locations. In Figure 1, the automated transport system comprises an OHT

25  system including tracks 122 and 142 with a plurality of carrier transports (not shown) coupled to

it. The carrier transports are adapted to transfer one or more carriers around the production
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facility and can tak.e various forms such as transport vehicles that cool along the tracks 122, 14:2 or
cradles coupled to a moving track such as a co.vwp conveyor beh. Oepending et the L1Wtr transports
t $t Ft segregate( ito transport:an that facilitate tie tranofCS within a bay tjntttfrbay) versus
transportafionhaidfasiitale the daisiaisoiuOAikl @hheiween deay thinter-daypnpfmatokeyl Xherier
supports can also be free: to circulate ..e freely through the fabrication thcitl,ty without &nitatiou as
intra-bay @rdnideiayuitléd ake motegsentiaditiabtherabriagtomiagilifbbie Sepanaded; inbatizaysitem,
Depending upon the complexity of the electromc device, it is not uncommon for the total fahricazi.”
involve fehe huntredapspoessint, tsteperaintidg fromasplankinatbatsiabsitatetto thessepsratiorof a
completed wafer into ‘indlvidual iMegrated circuits. During this time, the wafer substrates may he
moved beiisigen bundtechdiffey entsactrafspprocessing, fthd ipreddssrmdfer pd ssiblyrnottdateviel of
reentrance in which the same pethw equipment or compatend types ace used. Therefore, the time
taken far(ihe:trensir ofl wafei sihstratesrietweeordifenatitddeation sinis tddindatidy tfaoiligh iheluding
time spent waiting r a carriertransport 15pick up the carrier within which the sulcad plays an imporde
"(de in detérotme el igtalidlapsiointeleektictdebigecalsockiiown lassfatoleadessayclettiat the In
today's senuconductor industry, manufacturers are tryMpeaye their market. share by improving wafer
yield andfpesiding Shditebedepimedaratttactsmore customers, cif:Lc:kat mauit ninc: mit.orru thlr
oyster and me kinds forisferrino work in
Depending upon the complexity of the electronic device, it is not uncommon for the total
fabrication cycle to involve few hundred processing steps starting from a blank wafer substrate
10 to the separation of a completed wafer into individual integrated circuits. During this time, the
wafer substrates may be moved between a hundred different locations for processing, the process
route possibly including a high level of reentrance in which the same processing equipment or
equipment types are used. Therefore, the time taken for the transfer of wafer substrates between
different locations in a fabrication facility including time spent waiting for a carrier transport to
15  pick up the carrier within which the substrates are placed plays an important role in determining
the total elapsed time for making an electronic device also known as fabrication cycle time.
In today’s semiconductor industry, manufacturers are trying to improve their market
share by improving wafer yield and providing shorter cycle time to attract more customers.
Therefore, efficient manufacturing automation systems and methods for transferring work in
20  progress materials such as wafer substrates in a fabrication facility are desirable.
SUMMARY OF THE INVENTION
In general, the present invention relates to manufacturing automation systems and
methods for movement of material in a production facility.
In accordance with a first aspect of the invention, an automated method for movement of
25  material in a production facility is provided where prior to an actual conversion in status of a first

lot processing in a first equipment to a ready to unload state, a command is issued to determine a
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progress materials such as wafer substratesfabrication faeility are desirable: SUMMARY OF THE IN
\TN HON In general. the present invention relates to makt 1,s ttOlhe an systems and methods for
movement of material in a *)dlictieie in ace rdan :e with a fist aspect of the invention. automated

method faexnprementoefmeaienabin T fadilingismoavisact whapeaptioe anlachiat deanbesiint ntstatus
of a firat, lot proeesiang in a first equipment to dteady to unload state, a conxmaiid halsOned to

determinkak aomexdtiacatienskindhediistiatylve teadyidadninmd ihtafe deing mrstate Tidicdlingthe first lot
- -omitted proce ng and i ready to he ruoaded from the first equipment. This alio fl ci Lt ) n old hay" a to
Wai it :mfikit tet esathed dady gastate theforé axaltdete rmihetisinkxti ocatibnfisdssuadived tresult.
Jes.s time is incurred in ww.tmg for et carrier transport to pick up the complete.c3. first lot thus
facilitatindezepossilite ieduotietioin ifl tidoatirm e yalestin dedsddlitio ralhy uexgdaditingt the femosatiof a
completed first lot also mean / ern is ready to receive a second subsequent lot br processing at an
cart/3hnerahkgoidl® tiiok o thpraceskited Bquifmians kayithetieforgbssitddueddktion in fdhraetordance
with a second aspect of the invention,promoted nymilthcturing inethod 10 further comprises .the itelext
desunanoycbotimeantitbtoetdimiaepadiext destinaticn dfe fushide®ldimngxodded theafissthiottis: selected
and a pickup trans cat is latcheo to pc up the first lot the first equipment.exit lotcommanatiaissued
canoe a gecansiisybsaguent iotrtadetopracessedeirv thiesfivst @guipivieiot. fiheensethatiahithéreincludes
the step of seleetin.g the second lot to he proeessed in the next equipment and adelit1'y u-a l:Yrtis
dispz cheuhfelr TainglthéiseacdrdplociromaeOipreciat loeationend: thersdeont lot iss orted to the first
equipment. In another aspect of the invention, a method cf manufacturingarticles is presented. The
method oornpniesqrodessingdlticledoml fagtetoof A anticipate drcartvemioh nmstdaggiring method
10  further comprises the step of issuing a next destination command to determine a next destination
for the first lot. The next destination of the first lot is selected and a pickup transport is
dispatched to pick up the first lot from the first equipment. A next lot command is issued to
determine a second subsequent lot to be processed in the first equipment. The method further
includes the step of selecting the second lot to be processed in the next equipment and a delivery
15  transport is dispatched for retrieving the second lot from an original location and the second lot
is transported to the first equipment.
In another aspect of the invention, a method of manufacturing articles is presented. The
method comprises processing a first article in a first tool. An anticipated conversion in status of
the first article to a ready to unload state is detected and a next destination command is issued to
20  determine the next tool destination for the first article before the first article is converted to the
ready to unload state.
In yet another aspect of the invention, a computer medium for storing a computer
program for manufacturing automation is provided. The computer medium comprises detecting
an anticipated conversion in status of a first lot processing in a first equipment to a ready to

25  unload state. The ready to unload state indicates that the first lot has completed processing and

is ready to be unloaded from the first equipment. The computer medium further includes issuing
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the ta read)i. to unload state. 3s :Aeteeted and a next destinati n commar 20determine the next tool
destinattcm hr the first article before the lust article is converted to the ready to unload state. In et
another aspect of the invention, s computer medium for storing a computer projam tor manutacturwg

automatign, ispeuidecsd hshaampuishmesiv cCanplisem deigcinthamanticipaiee ecanviesionin
status of a first: lot processing in a first eqwpment to a ready to unload state. 'The ready to unload

state indigatesrthatdhrefisidpthasicampieied pmeessing and is ready to be unloaded from the first
equipment. The computer medium further includes issuing a next destination command to determine

a nexore inc nrapht@t isnaanuerissl dadhaseadytoaunipadsiatel aesesatdietbessehjestsalong with

adv:features of the present mventon herem disclosed. will become apparent through reference to the

folitnyingdeseripticaneanditheca ditShpMvsitasrdiifihermeres it isdindrrsiagdait e datwesief the
xaroth ocnh u'pent,i. described herva and clt Oth comb n.Thn and. pennutatrons BRIEF

DESCRIRIINb it Ednite: i gsudkereferanceundsnbess generalidieter tf the watoesparts
throughout the di Clew VieWS. Also, the 4twyings arntnecessarily t:0 scale, ihnphasis tad generally
being plitempbdieRilsusedAventiorin thenththawmng deseriptiennd can exist in various combinations
and permutations.
BRIEF DESCRIPTION OF THE DRAWINGS
In the drawings, like reference numbers generally refer to the same parts throughout the
10  different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description,
embodiments of the invention will now be described, by way of example with reference to the
drawings of which
Figure 1 shows a known layout of fabrication facility with an automated transport
15  system;

Figure 2 shows a block diagram of a manufacturing automation system (without an auto
controller) for controlling the operation of a production facility;

Figure 3 shows a Gantt chart illustrating a process flow for material dispatch by the
manufacturing automation system of Figure 2 in accordance with a first embodiment of the

20  invention;

Figure 4 shows a block diagram of an exemplary manufacturing automation system with
an auto controller adapted to implement pre-emptive dispatch in accordance with a second
embodiment of the invention;

Figure 5a shows a simplified work flow of an auto controller adapted to facilitate pre-

25  emptive dispatch in accordance with a third embodiment of the invention;



cinbodnuents ol the.:tonbe. d-example with reference to the drawialL f which Fitnne i sh.M.s a known.
of ia.brjcanon facility with an automated transport system: Figure. 2.. shows >. k
diagram of a manufacturing automation system. (without an auto controller) for controlling the
operation of a praguetimsiasility; ffan 3hSd IAVSiaGasm ekar ithistnyirgiamioesiflpwctGRdtsp.tch
by the manufacturing automation snrc 2. in accordance With a first embodiment of the 20invention.,

Figure 4 shawsaekdidagramoftarekediplanyoideufaetiioig autoifl an auto controller adapted to
implement pre-emptive dispattil ut accordance with a second embodiment of the invenflon; Figure

5a shows a simplified weiilsloWoef caaraiitascartolaercadapledfaciitate pepsdimpusedispatch in
accordance withbodiment of theti shows Gantt chart ustrating a process flow for
pre-emptiliepthspaictheimacchidariag miihenthbadient, df Rhaiia € ioucEigduecé shibvusitbw chart
illustrating an exemplaryk kw pre-emptive dispatch by the manufacturim automation system of Figure 4
M actordansedwittnacfiftie mwehthe jriventioiu and Fiume 7 is a graph illustrating the correlation
between carrier exchwge time versus dispatching method used by a manufacturingHl system.

Figure 7 is a graph illustrating the correlation between carrier exchange time versus
dispatching method used by a manufacturing automation system.

DESCRIPTION OF THE INVENTION
Generally, the present invention relates to manufacturing automation systems and
10  methods for movement of material in a production facility. The materials may be one or more
work in progress items grouped into individual lots.

Figure 2 shows a manufacturing automation system 200 which may be used for
controlling the operation of a production facility. As shown in Figure 2, the manufacturing
automation system 200 comprises at least one machine supervisory program (MSP) 210 which

15  monitors the status of and acts as an interface for communicating with the processing equipments
associated with it. The MSP is in a two-way communication with a manufacturing execution
system (MES) 220. The manufacturing execution system (MES) 220 tracks the overall
execution or operations in the production facility. The MES may also perform functions
associated with the production facility such as tracking the location of carriers and status of

20  equipments, performing lot reservations and putting lots on hold.

Apart from the MSP 210, the MES 220 is also in two-way communication with an
automated material handling system (AMHS) 230 and an activity manager (AM) 240. The
automated material handling system (AMHS) 230 is a controller for controlling a transport
system within the production facility. The AMHS 230 monitors and controls the operation of the

25  transport system components such as carrier transports and other transport means associated with

the transport system such as conveyor belts and carrier handling robots so that carriers can be
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DESCRIPTION OF THE. INVENTION Generally, the present invention re,iaes to manufacturing
automation systems end 10 methods for nioycment of material' in a production Teilitv., The materials
may be one or more work in progress items grouped into individwd lots, "i snows a manufacturiss.ste-

200 which,mayseahki:cantreling fanoneyiationpfa proanetismfaciitboAs iheikinimEiexs 3, the ma-
automation system 200 comprises at am t onehi supervisory program (NISP) 2 1 0 which monitors the.

status of a6t asatintatfacedormupicathwilbhaniocassingaegopmenisastociaiadnyithdt The
NISP is in t twocommunication with a manufacturing execution system (ES) 220 The otanufactur.ng

executiontsystermiiNiEINA30at186 ks taaeveraltgecutiomahepiatiens in the pron oicob.k The MES
may also pertcon fUnctions associated with the production iacility such as tracking the location of

carriersand slams,©h20peripiningdotiggisaionmandtpoting 1oie dibpidApartiomIheéowl) 210, the
.NIES.2also in twost,,,drortitnicatiort 'vith an automated material handling system (ANIRS) 230 and an

activily managend AN1)40n Thefastamated RIBLetahaRdNG syatem(AMIIG) 230 is acanritaer for

co/art-tilinga transport lin the production facility, The A MITS 230 monitors and controls the

operation:ef the HansROELSYSIBNLCORMNRPNENS SLICh BesFitieaaporisandrether qnspert MeakisD
associated. with moved to their desired locations. For example, the AMHS may allocate carrier

transportgtg gastirkstiommavamentitheseolodiiagirthiecssave mentuiphraiilierl trdingpetisie pFeetye
tocstmns and track the status and location of carrier transports within the facility.
ranking of the lots. Based on the lot list, the AM then performs next destination and priority
analysis for lots which have been processed by an equipment and ready to be removed from the
10  equipment.
Figure 3 is a Gantt chart illustrating a process flow in accordance with one embodiment
of the invention for material dispatch by the manufacturing automation system 200 of Figure 2
from a machine perspective, wherein x1 in the process flow represents a duration when a first
equipment is processing lot A. Lot A contains one or more items that are in the process of being
15  transformed into a final product. In an exemplary embodiment, the items may be wafer
substrates or LCD panels. Alternatively, other items are also suitable. For the case where the
items are wafer substrates, the first equipment may be def;ositing a film on the wafer substrates
in lot A. The first equipment may process all the items in lot A using the same recipe or there
may be variation in recipes used between items. The end of x1 as signified by y1 in Figure 3, lot
20 A has completed processing and is in a ready to unload status where it is ready to be removed
from the first equipment. The period x2 represents a duration when the first equipment is
processing a second subsequent lot, lot B after lot A has been completed processing and is
removed frém the first equipment. The start of x2 is signified by y2 where loading of lot B onto

the first tool for processing has completed. For example, lot B may be loaded onto a loading

25  station such as a load port for processing. The time elapsed between y1 and y2 is equivalent to



The AM is in twcommtrination with a. real timedispatcher (RFD) 250 for managing the lots in the
fanThe RUE) contarns an mventoryv fiatot the lots in the fa and information concerning the lots such as
lot priority and dispatching lot sequence.. The RID may provide to The AM a let list of work in

progressefidingriesharsirriositianking aftheslais:Basadiomthe idklishtd v peiin fopxidestination and
pnonty alysis for lots which have been processed by an equipment and ready to he removed from the

ectui it charhjllegliating ®osass Mo aseardanaahenbedoafthe ivgntiondimpmatt:ri&dispa anti

thetufi ng automation system 200 of Figure 2 from a machine perspective, wherein xi in the process

flow represents adiatknmwhenasfitst @UsHRRINERATR BSERICIatIAVEaL ACains|Ripamt hd. tten
rocests cif being tirnsfattmed into a final pin an exemplary e.rnoochincnt, the items may he wale!

rates orefaiédMtarpalivelingotiner MimBiendse sstitable’|Fendhen easeriwherelhe hems aleivater
uhstrates, the first equipment may be depositing a film on the wafer substrates rub't A.. The

firmeguipmentsieilnipiaeessae iiadntsleqhAuamitins suaieprr orayhdvaliation ih eeipéstused
between. items. The end of xi as signified by 20completed processing and is in a ready tounload

statas wheyigdtl isdeady te heremovecfeonux theditstiequipmentorhhel patiod WheepNesenisatydisrahonke
first equipment is processing a. second subsequent lot, let B atiez lot A has been completed oeessrng

and is repaQued-finmdhedirsteauipment 1dihe. staisef sdtsdiigaiicth by IR wheseteaofiiptiz: onto the
first tool for processing has completed. For example. lot B may be loaded onto a loading

equipment communicates the unload request to the MES where upon receipt of the unload

request, the MES initiates a “WhereNext” analysis in conjunction with the AM. When the next

10  destination for lot A has been determined, an OHT wait and pickup transaction is initiated. In
this transaction, a transportation request is issued for an OHT carrier transport to pick up lot A
from the first equipment and deliver it to the next destination. The transportation request may be
issued by the MES to the AMHS which is the controller for the transport system. The AMHS
will then arrange for a pickup carrier transport to retrieve lot A from the first equipment.

15 After lot A has been removed from the first equipment, the first equipment issues a load
request which is indicative of that the first equipment is requesting for a lot to process. This
triggers a “WhatNext” analysis to determine a next suitable lot to be processed on the first
equipment and a subsequent reservation transaction to assign the chosen next lot to the first
equipment. In one embodiment, the MSP associated with the first equipment communicates the

20  load request to the MES thereby initiating the MES to perform a “WhatNext” analysis in
conjunction with the AM. After a next lot B has been chosen and reserved, an OHT Wait &
Pickup transaction is initiated where a transportation request is issued for example by the MES to
the AMHS for a delivery carrier transport to pickup lot B and deliver it to the first equipment.

When lot B is delivered to the first equipment by the carrier transport, it loaded onto the first

25  equipment for processing. This event is represented by “OHT delivery” in Figure 3. Aty2,



the machine idie time y. During y, the lirstripmentine for th ¢ *chid lot A to be removed and the
subsequent lot 13 to am e for processing, As Shown in Figure 3, an unload request is issued ast
equipn[ent has finished processing lot A and the items in lot A are located in a carrier ready ibr
removal freiinhe Fiss Beguipheii:sT bguipieadiseguastiadicatesdbatihe @fiitieS ithenneadyetl unload
state and triggers ,analysted, The 'WhereNext"analysis is to det:erniinea next destinatioone en:kb:Ain
N an MS2%hassotidtegimwith the first equipment communicates the unload request to the MES where
upon rccept of the unload request, the MES initiates a s"WhertiNext" analysis In conjunction with the
AM. When the raxhd @rdestinfomidbAfigs béeraeteomatgdh athOfirswait gopickep. tralvsdctioh t iutihd.
1.'Niles: is issued for an OUT carrier transport to pi k up lot A e first equipment and deliver it to the
next destinatirequEhertranspattatitia tegitést hyaylemgsueddny thegdsiEs. tingmilhightls:the notaralla fot
the transport ysten will then arrange for a pickup carrier mar iixtrt to retrievr. lot A from the first equipm

Aftersint Avhasheennearevedoiicysthe fivEl ©golik firstguipmeonxsissuesialy oathre guest wineh is
indicative of that the first equipment is requesting for a. lot to process. This trigger:, "WhatNext.'
analysis tz@eteénaifiersy néxhsuifaipmdot tocbe pratessed ensthétirgodogps, actic-resvivithaeut
refervation t ariSaCtiO0 tO asshirri the ehosen et lot to th- first equipment. in one eraltiodi nem, the
MSP assteiatadogfirstlegiipiseat ommunigatesattbdogd vatjuesthtonthibpimigatineptivd W IESUD
perform a WhatNext" analjsis conpmct3.on withAfter a next lot 13 has been chosen and reserved, an
OUT Waitf&Rigkupnmasactiaomlés 1itiatéd wiiehdog tral sportatidieck duestatissabthELRr exatic MES to
the A?VflIS far a delivery came- translort to nickup lot 13and deliver it to the tint equipment.
equipments to see whether an equipment requires for example, a carrier transport for carrier
10  delivery or pickup. When a polling mechanism is employed, an equipment waits for its turn to
be polled before its requests can be accepted and attended to. On the other hand, in event
triggering, actions are initiated when the request is made instead of having to wait for the
equipment’s turn to be polled by the watchdog. As described, the dispatching regarding the next
destination is initiated after the first lot has already converted to a ready to unload state and an
15 unload request is made.

In accordance with another embodiment of the invention, pre-emptive dispatching is
performed. In pre-emptive dispatching, a command to determine a next destination for a first lot
processing in a first equipment is issued prior to an actual conversion of the first lot to a ready to
unload state. The ready to unload state indicates that the first lot has completed processing and

20  isready to be unloaded from the first equipment. However, with pre-emptive dispatching, the
conversion of a first lot to a ready to unload state is pro-actively anticipated and advance
command is issued to determine a next destination for the first lot. Preferably, pre-emptive
dispatch uses event triggering. In a preferred embodiment, a command to determine a next lot to

process on the first equipment is also issued before actual conversion of the first lot to a ready to

25  unload state. As such, pre-emptive dispatching schedules or plans in advance. This can reduce



When lot 8 is delivered, to the first equipment by the carrier transport, it loaded onto the first equipm 'rt
tor processing. This event s represented by "OI1T delivery' it eacuat equipment is complets,a and
processingit B then proceeds as in Figure in the process flow for Figure 3, requests made by the flrst

equipmenty @%qu?wwﬁms),m@gg@@mw@@g M@ QIHRVEBY liHgeTIAg ta@eling, the
irMt execution system (ME) polls the equipi u..,n s sequentially within a bay or area t ofequipment are
in need.afigeryiggs. The polling is achieved vith a The MRS can I t ...1llinie watchdogsbimpairing a
respective group t of equipments Mr C\ trnplei 10, rtk: \va:t.( hdeg will go ahed the status of the 10

equipments to segwhetheyanesiinmentiespewhaicamietdil 1N tdoscarentAIdeliverrion pickup.
When a polling mech&misni is: employed, an equipment waits 'or i be polled before its requests Can

be accepgesiapshattandepitoa Qsrdagcetiehhanrdnin@uerht igyBeing:divis aEninitiatethwhenghe
request is made instead of having to wait fts.r the equipment's turn to be polled by the watchdog. As

descsibedutbg slispaichéng 4egasaing dheanexi:cestinaliondisiinitintetatieicthe figstiothagsatready
converted to a ready to unload state and an unload request is made. In accordance vith another

embodinigafkthend dMRHIO04pieempiseARbING IS Reraer) 40(ie-emtiveinzacamimand to
determine a next destinationa first lot )30i:es:aria in first equipment i ;sued prior to an actual

conversigpsat (passadiltibadisiateigntohte @niopdistededndicates dhal ihadilst hahbasgcgmpigted
processing and 20 is ready be unloaded from the first equipment. However, with pre-emptive
dispatchipgnhe conyersioneainsblitshlet tola: eadydealnkatkbiatesis $10; a1y sintiojareaiochadvance
AMHS 450 is similar to that in Figure 2. The MES 430 is in a two-way communication with the
10  auto controller 410, MSP 420, and AMHS 450 and in a one-way communication with the RTD
440. Other configurations of the manufacturing system are also useful.

The auto controller 410, in one embodiment, facilitates pre-emptive dispatch. In one
embodiment, the auto controller receives real time information regarding operating conditions in
the production facility and initiates pro-active advance action based on it. In the presently

15  described embodiment, the auto controller 410 interfaces with the MSP, MES and RTD in such a
way as to obtain real time MSP, MES and RTD data for real time event tracking and execution.
In an alternative embodiment of the manufacturing automation system, the auto controller 410
may also interface directly with the AMHS so as to obtain and/or communicate real time
information directly to the AMHS. Other configurations of the auto controller and other

20  components of the manufacturing system are also useful.

As shown, the auto controller 410 is in a one-way communication with the MSP 420 and
two-way communication with the MES 430 and RTD 440. To detect an anticipated conversion
of the first lot to a ready to unload state, real time information regarding the progress of the first
lot are used. For example, the auto controller 410 may receive real time information on the

25  progress of the first lot processing in an equipment either directly through the MSP 420 or via

the MES which is updated by the MSP. The auto controller 410 is adapted to listen to the real
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command is issued to determine a nextdestination fer the first tot. Preferably, pre-emptive dspa.tch
USCS8 event triggering. In a met-erred embodiment, wrnmand to determine a next. lot t process an the
first equipment is also issued before actual conversionfirst lot to a ready ti unload state. As such.
pre-emptivadisfatching sehtedldesmorsdseadvianeesa hismeanfoedaten e dyratiomabsd(ar idle time)
advantageously increasi g throughputimproving machine pro 4 shows a mann- Wring automation
system 408 d@risoatieling:theaoperatiahedbabefoductemniasiliteund poeonkeawittatone embodiment oftlle
im ,'rrv>n. The Inatuitl automation system 400 comprises an auto controller 410. The manufact ring

srstem also inclitiesufin @xamipte 4amachine $Sep@dSER) d2frondnuihctynngrerecatiopsiystem (MES)
430, real time dispatcher 40 and an o ted material haudho system (AMES) 450 In one embodiment,
the functifmaltitynef thie: MGE4R2O A HB$30:RE Diddk andhidil iS5 w50 ssnsimniled fodbasifidsiniié 2. The
IMES 4210 is in a tu oway eonimumcauUon with the 10 auto controller 4 0. MSP 420, and AM1TS 450
andsiay dornmutheatiendwithiRiDnOicQithencowitiavthetubinysysten hreiatsotusefid shouldibe auto
controller 410, titone embodiment, theibtates pre-emptive dispatch embodiment, the auto
controllerftipescte@bifitratétit ph8hadaoperating, condiionsrinaien diiteintvf atgbsinitidte srorsactivevadvance
actionOsently described enThodimem, the auto c intoner 410 interfaces with the !ASP, NIES and RID
in sue tsayasrtorobtanMSFiMiES: dnddRifdategfomead timet e vediot Sokimg taneexepatind In an lei
1-bodiment of the nian.ufie.turing automation system, the auto controller  also interface directly with
the AMHSsdiBsatmobtaiy ernradt timtieinfdepaation fdmedily erhalAMIdGSodtHaresnfigfiions of
thclame:cOndetiler an otie components of the TM ufacu ring systa n ate also 'useful. As shown, the auto
controllerd&b@tth.S OtK-wasMitaliCation k th th . SP 420 ,:ind two-way communication with the MES
43a RID 440,. To detect an anticipated converslon of the first lot to a ready to unload state, real time
intclination regaidimgoitveprogressces thetfipsildtvarerasetinFog éxatrtiplétethe iawbisoditalier 410 may
receive real. time information 03 the pro ress of the first lot preceasit t an equipment either directly
through theoMRAP@gusitally, the auto controller is adapted to listen to-any events of the remaining x

wafers that equipment A has yet to complete processing. Information regarding the processing
conditions of the first lot may be provided by the MSP of equipment A through the MES. The
auto controller is adapted to detect an anticipated conversion of the first lot to a ready to unload
15  state based on the events of the remaining x wafers that equipment A has yet to complete
processing. For example, detection may be based on various criteria such as when the 4th last
wafer in the first lot completes processing.
Upon detection of the anticipated conversion, the auto controller initiates the execution of
steps 520 and 540 simultaneously before the first lot actually reaches a ready to unload state. In
20  the present embodiment shown in Figure 5, the execution of steps 520 to 526 and steps 540 to
548 take place in parallel. In another embodiment, the auto controller may be adapted to trigger
the execution of steps 520 and 540 based on different events that are indicative of an anticipated
conversion of lot A to a ready to unload state. For example, step 520 may be triggered based on
the process completion of 4th last wafer in the first lot while step 540 may be triggered based on

25  the process completion of 2nd last wafer in the first lot.
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time infonnatior on the lot and based on the real time inkrnntion, issues a command to determine a
next destination for Me lot before it reaches a ready to unload state. The auto controller 410 may
also be adapted to provideemptive dispatch functions. The functions are illustrated in figure 5 which
shows a sunphrigepin0dsa fioneR0R fonpigmptive:dispatcheixt desondanndowiiie divet dvnbboiment of
the invention. It should he appreciated that the particular sequence, atrangemeztt and number of moo
in the progassdinenb8eaetnotiitrédlémphy a bixadadiceosemiiiide dguamdifiyas dér timirroto the stepsano
modifications me made without departing from the general ,z don of pre-emptive 10The process
commendesabisiepndiere assuningdhatdhentenms ionprodesspd fseqd entiatlyi artoadapted 1iSICI) W
any event are wafers that equipment A has yet to omplete processing. Information regarding the
nrocescinigconditionsdefdhe ficg tHefoneaiderprvitedfbystive MSRsireguipment A through the NIES.
The auto controller is adapted to detect an anticipated conversion of the first lot to a ready to unload
tg. based on th aventshehthe dektianlifeisathatcegisipirdntiStaps 32, theCOtwplotaroller gniFateexample,
detection nay be based on vanous critetia such as when theas: wafer in the first lot completes
processingtiblpfin detedtionofsthetantcipate dredimselsidmthejaigtoconirolie oMated tderexéciition of
steps 520 and 140 simultaneously before the first lot actually reaches a ready to unload state. In 20the
present erigoaichniént thi h0ascimiFidiaresSethe executionaofistes$20rtpiSd6 g lstepss540tto 548 take
Mace in parallel fn another embodiment, the auto controller may be adapted to trigger
, 540 bassdkmp tiffarenvevetaedintioatielohgnhantisfyatedndontgrsionPo fatahlyo thaeadieto unload
state. For example, stcn 520 may be triggered based on the process completion of 4th last wafer in the
first kit whilestep 540acelhyndbetriggeited htsed) opitha (rOe tSScomnpidtiomblantiiast wafer in the
first tot.

10 At step 524, the auto controller listens to information on the status of the first lot through

the MES and is adapted to proceed to step 526 when the auto controller detects that the first lot
has reached the ready to unload state. At step 526, the auto controller instructs the carrier
transport to pick up the first lot from equipment A.
Returning to step 501, the auto controller also triggers a WhatNext analysis at Step 540
15  upon detecting an anticipated conversion of lot A to a ready to unload state. The WhatNext
analysis is to determine a next available lot to be processed in equipment A. In one embodiment,
the auto controller may obtain information on the available work in progress (WIP) for
equipment A from the RTD and determine the next lot to be processed in equipment A based on
it. In a preferred embodiment, the next lot to be processed in equipment A is determined before
20  the first lot has finished processing.

After the next lot to be processed has been decided, at step 542, the auto controller
initiates an action for a carrier transport to pick up the next lot from its original location and
deliver it to equipment A. In one embodiment, the algorithm for the auto controller is set so that
a carrier transport is dispatched in time to have the next lot moving to equipment A before the

25  first lot reaches a ready to unload state. Preferably, the carrier transport is placed in the vicinity

of the equipment before the unloading of the first lot is completed.
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enxbocbnent. the auto coatc- list of available destinations tbr lot A from the RID and determine the
next destination based on it in a profited embodiment., the next destination. is determined before the
lirst. lot has finished processing. After the next destination has been decided, atstep 522 the aide
controller initiatas @epatipnhionadGaiies ttansaor toipfoknypitheofirdidotdnenoEgpijpment A. In one

embodiment, the algorithm fbr theauto co:Moller is set so that a carrier transport for pickin up lot A is
ent to pickukittA Mios todhe diisplat repehingithestepdydovhinlohd stadeoRnefdeabbysthelcarrier
transport is aced in the vain .5 or wk wpm t ppeiot to the teady to th-tioad state. M step 52A, the
auto comguipnisiens torinafbrmodiad ek teetsbitidrofithediisglonr it¢theMEBantbismdaptedittipreceed
to step 526 \k hen th- -auto contract etetts that the first lot has cached the e'd o inioad state. At step fix
3, the tutuconisolierinstracis thecCatrier franapongop3ekipodhefirstlotérombeduipnieticAuReturning
W step 50% the auto controller Aso triggers WhatNext analysis Step upon detecting anconvers.ton of
lot Ato 4 seadiidopenfoadssiateJneathatiextahBlysis is to determine a next available lot to he
processed in egnip.ment A In one embodiment, the auto controller may obtain intonnatton on the
available workpfogtess4yyufphednt &feomtibrei H:podidetermisehe, proesssedhitiodguipatets
basedon it. In a orc.terred erohoannent., the next lot to be processed in equipment. A is determined
before 2@the\ v fothhasfinishBtEfracéssing thaftesahedttitetdoi e prmbebselingdbdomesrdatided at
step 542, the auto controlle initiates an action fru a carrier transport to pick up theo from itsal location
and deliverit ¢gugguipmarfb Apidecessengmbodiment, the algorithra for the auto iota-Mller is set so that a
carrier trauisport is dispatched in time to have the next lot moving to equipment A before the first lot
reaches a readjntsonnicachsthtecPseferably, ahetrcdisiorerafispon IS placéd intimedisinhygt the
10  process to determine WhereNext 520 and WhatNext 540 is carried out concurrently. Preferably,
the process to determine the next destination for the first lot and the identity of the next lot to be
processed on equipment A is completed before lot A actually converts to a ready to unload state.
The steps in the workflow of Figure 5a may also be timed to facilitate the positioning of a pickup
carrier transport in the vicinity of equipment A and a delivery carrier transport to be enroute to
15  equipment A before the first lot is actually converted to a ready to unload state.
Figure 5b shows a Gantt chart illustrating a process flow for pre-emptive material
dispatch by a manufacturing automation system from a machine perspective in accordance with
one embodiment of the present invention. x1 in the process flow represents a duration when
equipment A is processing lot A. At the end of x1 as signified by y1 in Figure 5b, lot A has
20  completed processing and is in a ready to unload status when it is ready to be removed from the
equipment A. x2 represents a duration when the equipment A is processing a second subsequent
lot, lot B after lot A has been completed processing and is removed from the equipment A. The
start of x2 is signified by y2 where loading of lot B onto the first tool for processing has
completed. The time, y, elapsed between y1 and y2 is equivalent to the machine idle time.
25 By employing pre-emptive dispatch, the idle time y can be reduced. For example, the

idle time only includes OHT unload and load, that is the unloading of the completed lot A from
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of the equipment bethre. the unloading of e first lot is completed. ii At step 544, the auto controller
listens to inforrnation on the status of equipment A through the MES and is adapted to proceed to step
546 when the auto controller detects that equipment A is ready to load the next lot for processing. At
step 546¢thépaute eonikbiler limitiate o &l prBoass tougseeve Ahfnpxiciotsiog pideessingseochtépment A. In
one embodiment, the auto con/miler performs lot reservation through WEEFt. At step 548, if the lot
reservationtin\Stepcdds isusl t¢esdfukt thelysts, eoptsiiar instiwots thes AMHSthidug s thedMEShio
deliver the reserved lot to equipment A, loading the reserved lot onto equipment A for processing. In
some enfhodiniénts atlheVatoNeantrallesewankiflhe ey Fegling Sal isitimet:soathapitleup@pibdess to
determine WhereNext 520 mid IsVitatNext 540 is mirried our concurrently, Preferably, the process to
determineqiemenxt Alestinatior thr tharfirsnipl and b idétity Ofuty nert totstto be@dcessrboh
equipment A is completed beihre lot A actually converts hi a mady Ib unload state, The steps in the
workflowsoftEighiréeGacnyayaaiso thentimed sotfacititaket i espdsitidaingd of thpickupteafrigutramspakt in the
vicinity of equipment A and a delivery carrier transport to be entitute to 15equip:nen: A before the first
hit is actuaifyreomberteatofdateadyoto emigadestadehR pomGheshbwsaGankt chaihillaStradting, a process
flow fir pro-entptive material dismitch by a manufacturing automznion system from a machine
pempectisteijMnact dr danceduithvomea embodimetletctieep@seiablavention. xI in the process flow
represents a duration when equipment A is processing lot A. At the end of x| as signified by y | in
Figure 5b, lot AFas2® toprdeessihgramdigini dispady fonidadt sthttisaigen dxhindadyorssedmotaxi
bruit the equipment A. X2 represents a duration setten the equipment A is processing a sesxind
subsequitntsiotdeti® ditemictod thapiseer sompleted ProcedSingrémnhis restdstedfroriatiaetiipment
A. The start of x2 is signified by y2 where loading of lot B onto the tint tool for processing has
conipletethtThettimeysterldfSstibenie Ergyiahd fovs equitvshentddtropreshipd tilewitte (26By
employing pre-emptive dispatch, the idle time y can be reduced, For example, the idle time only
Includes DT antload: anthioaichtissstionHE U oacingiof pheoonTdetsihies Affiberinvention, it is not

necessary to have the exact same components and arrangement thereof in order to practice the
invention. Additionally, it is to be understood that the particular number and order of steps in
Figure 6 are merely exemplary and not meant to imply a fixed order, sequence, quantity or

15 timing to the steps. Embodiments of the invention can also be practiced while varying the order,
sequence and/or timing of steps shown in Figure 6. Also, not all the steps illustrated are
necessary to perform the methods of the present invention.

Referring to Figure 6, the process 600 commences in step 601 where the auto controller

which has been monitoring the progress of lot A processing in equipment A, detects an

20 anticipated conversion of lot A to a ready to unload state. The ready to unload state being
indicative that lot A has completed processing and is ready to be removed from the equipment A.
In the ready to unload state, the items of lot A would typically be loaded into a carrier and placed
at a loading station of equipment A e.g. load port, ready to be unloaded. In one embodiment, the
auto controller monitors the progress of lot A via a Manufacturing Execution System (MES)

25  which is updated by an MSP associated with equipment A. In one embodiment, SiView which is

available from IBM acts as an interface for a Manufacturing Execution System (MES) and
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equtpment A and the loading of lot B onto eqwpment A foritrecessing. The time assoated with
WhereNex and WhatNext analyses, as present in. Figure 3, is avoided. This is because the
WheraNext and WhatNext analyses and the requesting and movement of a thelthp OUT to cituri It A to

retrieve lebAmiad&ompleiedi batoradoibeacitally Sonvertioa mady 40 MHeagderfabedetiver’ carrier
transport containing Mt B is alsoplaced in the vicinity of equipment befbre.unload.ing ot lot A from

eqwpEflepiit@vias completedsolthat leirkais/avaikih doat @auipne itz thedeackigrwhepregaigrognt A
becomes avaniabie, Figure 6 is a detailed preemptive dispatch flow chart illustrating an example
process 680N SEY BCiigh QicH|btSYitiidep b adiipsaantio nithat Mebelae Sumictis coatetiacturiith

automd00 shegore 4. However, it should be appreciated that while the 00 is ustrfiti

for performing nethaels@fcine fiavewios pitid roldyacessasny iahave dhe @xboiiandntcoippanenis and
anangenient ther,ZOit in order to practiet. the invention, A.dcthionalily. it is to be understood That the

partisulanotnobeicing ordecaftstepsdiibigwametehtiexemplars' and notply a fixed order, sequence,
guantity cu' tirni/:mbodiments of the invention can also be :practiced while varying the ordex :scittor
timin of steps showgiip FiguratoiNoe AoValctad stepsillysisatadt ateniece asaryltstparibnidhietmethods
of the present invention. Referri.igure 6, the process 600 commenLes in step 6t 0 controller which has
been monitoring tharmrogress of lot A processing in eginpment A. detects an 20anticipated conversion
of lot A to a ready to unload state. The ready to unload state being indicative that lot A has completed
processing dnd is r8agyotes beinénrvediioniihe’ equipsient leiitihearsadydcubaégacdnstatepthe items of
lot A would typically he loaded into a caner and placed a,a loanent Acc batper rd to be miloaded. auto
controller tflOIITOpSothespr; kegsohdat A.- a Matiolne which is updated by an MSP asso available from
IBM acts as all interface for a Man atheturing Execution System ES) a
10 The controller can be triggered to perform items i) and ii) anytime before lot A isin a
ready to unload state. Additionally, items 1) and i1) may also be triggered simultaneously or at
different times. In the presently described embodiment, assuming that the items in a lot are
processed sequentially, the auto controller listens to any events concerning the last X items to be
processed in sequence. The auto controller may be set up to detect an anticipated conversion of
15 lot A to aready to unload state when the last wafer of lot A completes processing in a chamber
and SiView publishes “Process End” event for lot A. The process end for other wafers in lot A
may also be used as an indication of anticipated conversion to a ready to unload state.
Alternatively, if the wafers in lot A are processed using different recipes, the auto controller may
be triggered when the last wafer running recipe A has completed processing but wafers running
20  recipe B has not finished processing.
In step 602, the auto controller initiates a WhereNext analysis to determine a next
destination for lot A before lot A reaches the ready to unload state. In one embodiment, the auto
controller requests a list of available destinations for lot A from the RTD and determines a next
destination. The RTD manages the lots in a production facility, providing information such as

25  lot priority and dispatching lot sequence. The available destination can be a stocker or an

equipment. The auto controller may be programmed such that when selecting a next destination,
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iands areS issued and data received via SiVittw. Other forms of' Mkt , PROMISE are also suitable.
Alter Usti)), the t lot A directlyMSP, for exan, The detectwn o an anticipate, controder may also
monitor the progress of a Message Services) connection. auto controller to execute two actions
concurreatsguieR R stimitistetabesaNexteanabisis desdetenning & i xteestinaiion tbr lot A; and
Step 603a Next' nal.identify a second subsequent process on equipm.eut differentn the presently
describediegibogimpenkasslenaifgpnahtiesiemeid aliléefor example, equipment status availability,

10

15

20

25

priority of lot A to be processed at the suitable equipments for next process. In one embodiment,
the auto controller can be customized to shorten the time taken for the WhereNext and WhatNext
analyses.

After the next destination for lot A is determined, which in the case of Figure 6 is a
stocker, the auto controller creates “Move lot A to stocker” move request in the SiView for Lot
A to be delivered from equipment A load port to stocker. SiView then instructs the Automated
Material Handling System (AMHS), which manages the transport system of the production
facility to send a pickup carrier support to pick up lot A from equipment A. The creation of the
“Move lot A to stocker” request in SiView may occur immediately or after a deliberate delay. A
deliberate delay may be inserted for example, if the trigger event to execute actions i) and ii) in
Step 601 occurs before processing of the last item in lot A is completed.

In step 603, the auto controller waits for lot A to change to the ready to unload state
where an Unload Request can be issued by for example the MSP of equipment A.

In step 604, upon receiving the unload request, lot A will be picked up from equipment A
and placed in the pickup carrier transport where it is transferred to the stocker identified in step
602. After this, the process 600 ends in step 624. In one embodiment, the carrier transports may
have a transfer robot attached to it, the transfer robot adapted to transfer lots between a
processing equipment and the carrier transport. Alternatively, each processing equipment may
also have a carrier handler for transferring lots between a processing equipment and the carrier
transport. Other forms of transfer mechanism are also suitable for transferring a lot between a
carrier transport and equipment.

As mentioned earlier, the detection of an anticipated ready to unload state in step 601
triggers the auto controller to concurrently initiate a command to identify a second subsequent

lot for processing on equipment A. Therefore, in step 605, the auto controller requests the RTD
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processed sequentially, the auto controller listens any events concerning the last X items to be
processed in sequence The auto controller may be set no to detecticipateci conversion of llilot A to a
ready to unload state when the last ivafer of lot A completes processmg in a chamber  Si View

pnblislatssPsocessmnsenemistiibhah foiRatprocass antaioreatheswatlrs dnilobAlmayqalipmber sed as
an indication of anticipated conversioo unload state Alternatively, lithe waters in lot A are processed

using diiggpresipestbriauso meniiollernpakhediiggeres whentthe lastibreeipegopepieiedl@rocessing.
but 't recipe B has notruces.s In step 602, the auto controller initiates a WhereNext analysis o

determin@ ap egstianapsfoidptAlbeipse, linktplaashasthedaagy 46 ndoigiteneadird €ni piloe casiie:.

troller requests a list of available destinations for tot A from the RTE. and detectnext
destination.non:ages it @predultion facility.tievrsngeitfollinib2skedfiontyenH Tispatcingi®to
sequence The available destination can be a stocker or popment destination takes priority over
stocker destinatienif/isisfelifaviaisniseeheihevaltpsaiiivliefeagiipnatistornnthdaténiheimebake] itt

status dimem, Ma Next an VI -Next
the process 600 ends in step 624, if there is WIP, goes to step 607.

At step 607, the top lot in the lot list for equipment A is selected. The top lot in this case
has the highest priority in the lot list.

At step 608, the auto controller conducts a lot information verification and validation

10  process for the ot selected in step 607. In one embodiment, lot information verification and
validation process comprises checking for conflicts between the lot information provided by the
RTD from the*“What Next” analysis in step 605 and lot information contained in SiView. Lot
information being verified and validated may include number of items in a lot, recipe to be used
by equipment A for processing a lot and the location of items in a lot within a carrier containing

15 it. If the lot information verification and validation process is successful, the process 600
proceeds to step 609.

If the lot information verification and validation process is not successful, the auto
controller returns to step 606 to check if there is any more Work In Progress (WIP) available for
equipment A, selecting the next top lot or the lot with the next highest priority in the lot list

20  obtained in step 605 for lot information verification and validation. Steps 606 to 608 are repeated
until all the available WIP for equipment A have been queried. In the event that no lots in the lot
list for equipment A can be successfully verified and validated, the process 600 ends in step 624.

Once the lot has been successfully verified and validated, the auto controller checks to

see if equipment A is ready to receive a subsequent lot for processing in step 609. For example,

25  whether the carrier containing lot A has been removed from the load port of equipment A. In the

present embodiment, if equipment A is ready to receive a subsequent lot, the load port status of
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an sys:es, destination for lot A is: determined, %tad in the case of Figure 6 is a stocker, the auto
controller creates Move lot A to stocker movest io the SiView for Lot A to be delivered 'teamlt It A load
port to soecr. Si View-o instructs the Automated Material Handling System (AMIIS). whic41 inartages

the teasysiaiprefiha Roductinp.d@iacilityriaslishrmickupcardes siuppert 10uaekuept ot Anfiont the

equipment A. The ovation of the "Move lot Ale stocker" request in issltesx tuas uc.ui ixnmtk.latel)

cialiot delihgrabsdeltberata delmenraydesinsesied 600 eaxnpd & HiEpastigger event to execute actions i)
and Si) in Step 601 occurs bctibte pressing ofA is completed. In step 603, the auto controller waits

lbr lot A in change i@ the teagdyatadiaadisiateikvereloncbbloadRagueast wavsbeisaugdthlidior oxenof
(slurp/nen: A. In step 604, upon Leer..ing the unload requestWill be picked tqgt tront eqtiiplitent A

and p<,cagsMethespickumsarieriffanaporaivhaere it isds Sferraddoctbe sidakenideitified ioieplBo2.
After this, the process 600 ends in step 624. In one embodiment, the cattier transports may have a

trander rebetattached ontotiegnindes ebairagaptecte dransfaidoistRetueeaticn R dgpieceiViiee, wpnient
and the Lamer trdnsNet Alternatively, each processing 4Jiflitt IL may also have a carrier handler for

transfening lots hetweesl B tHeracessing cdiipeaniiand fhissdamestiaasparin Qtpes o ins:ofdodinsfer
inecharustn are also suitable r taassferri carrier transport and equi As mentioned earlier, the

detection] pflenanticipateshrsady desilqad statreimestep bBelnariggersdihehalbo @onitatlen taddrgeinitiate
a command to identify a second subsequent Next" lot can process in order ofpi airily, The
delegatiomnfflotheigBiEssiig Setings stighsastoliypeiheamplatigndatelandstep 612. If the lot
reservation is not successful, the process returns to step 606 to check if there is any more WIP
10  available for equipment A. If there is no WIP, then the process 600 ends in step 624. If there is
WIP, then the process repeats steps 607 to 611 until a lot is successfully reserved.
After the lot has been successfully reserved, the auto controller issues a transportation
request for a carrier transport to retrieve the lot to be processed, lot B and move it to equipment
A. In this example, the auto controller invokes a move job request (TxSingleCarrierXfrReq or
15 TxMultiCarrierXfrReq) to SiView to instruct the AMHS to move lot B to equipment A. When
lot B is delivered to equipment A by the carrier transport, it is loaded onto equipment A for
processing and the process 600 ends in step 624.
If the auto controller determines at step 609 that equipment A is not ready to receive the
next lot, i.e. status not equal to LoadReq, the auto controller issues a transportation request for a
20  delivery carrier transport to retrieve the lot that has been successfully verified and validated in
step 608 and move it to equipment A. In this example, the auto controller causes a move request
(TxSingleCarrierXfrReq or TxMultiCarrierXfrReq) to be invoked in SiView at step 613 to
instruct the AMHS to move the lot to be processed to equipment A.

At step 614, the auto controller waits for equipment A to be ready to receive a subsequent

25  lot for processing. For example, the carrier containing lot A has been removed from the load



At step 606, the auto controller cheeks the lot list obis xid from the RID in step 605 determme if here is
Work In Progress (WI?) available for equipment Athere ishen the process 600 ends in step "024.
inhere, is WW, goes to step 607, At step 507,the LO Tot in the lot list for equipment A is selected,

The top lgbindTisgasediasathes ighesicatiombotorthatlar fighifhsiep 608 dhetautadontioller condnf
ortnatwn ve caon and validation 10 process forthe lot selectee m step 07. In one cmhomen lot
infonnatiquyerifieation, valitatigpn-saeeropegapabecking idiconiligtd hetiveeiRihg’ lot infonnation
providedby the RID from th.eWhat Next analysis in step 505 and lot information contained in SiView.
Lot intbrmatfrondeing verfietandy/rlidaied saaysndluge muenber cfdtessitbiadRegineto heoused by
equipment A for processingocanon ol ItCillS m a lot within a carrier cont 15it, lithe lot. infonnaUon
verificatioa@ns lvatidationtpy ocasstisosuceesshits thetsdaess 68Q-dioneedsta piepedldh by the ot
intbrmation verification, and validation process is not successlitl,auto controller returns to step 606 to
check if togtéeisanypao ol drkardiiodiess (MW R). avaitable tejugamiipmentefiingthe nexijopilotior the
lot with the nextpriority in the lot list op obtained in step 6115 for lot information verification and
validatiornn hteps G06 do 60 8racatrepeated witl Al theransliahteoMy\tdeaqiips thtbeeatiguenfed. In the
event th;iirMts in the lot equpnient A cancessfail, verified and validated, the process 600 ends in step
624. Onocerihe 1ofilAssheenlsdgeessitily fverifieth dhmid aipthithelaitteddhidqlr GApekishtoasee if
equipment A is ready to 'e subsequent lot fur processing in step 509. For example, whether the carrier
conn ringclottdlhasbadn teni@ed frmea dheSivacport of equipment A. 10 the pres t embo.diment, if
eg-pmei d to receive a suhse' lot, the load port s s of equipment A will be "lioadReq". If equipment A is
ready to resubs€qupatpeidhaf ienthidiloaid port staliusiatieqadlie piethencgeta stept 6.4, tetskgo to step
6

10 be processed is originally located at the stocker.

- IF FOUP status is “SI”, this means that the lot to be processed is still at the
stocker and has not been picked up by the delivery carrier transport. When this happens, the
process 600 goes to step 616;

- IF FOUP status is “SO”, this means that the delivery carrier transport has already

15  picked up the lot to be processed from the stocker. When this happens, the process 600 goes to
step 619.
It is to be appreciated that the present invention is not only practicable when the lot to be
processed is originally located at a stocker. It may also be originally located at an equipment
where the status of the FOUP would then be “EI”” and “EO” meaning that the lot is at the

20  equipment or already picked up from the equipment respectively.

At step 616, the auto controller initiates a “Start Lot Reservation” process to reserve the
lot to be processed. In one embodiment, the auto controller reserves a lot by invoking control
job creation request (TxStartLotReservationReq) to SiView. If the auto controller determines at
step 617 that the Start Lot Reservation is successful, then the process 600 completes at step 624.

25 If the Start Lot Reservation is not successful then at step 618 cancels the transport request

to move the lot from the stocker to equipment A. The process flow then returns back to step 606
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At step 610, the auto controller initiates a lot reservation process to reserve the lot that has been.
nuccessdiv verified and validated in step 60S. In one embodiment, the auto controller mserytis a of by
tr <thing controt job ercaft:quest (ixStastLiiitReservationReq) Sis) At step 61 the alit controller

etermmesitithadaheasinationdvysiepohdisasenepssita. df thedetese unids isaugeessiilaane else has
not reserved the lot or put on hold so thethe" proi iS temporarily suspended), the pniccss procetNis 10

step 61llitokthedotsieseyaiondsvetsltcessivhiemDCRss (BiUME iosstep GofotsDeinaeRdf fhereis
any mote WI? 10availableequipms tif ibere is no W1P, then the proetsu 600 ends in634. if t]:tete is

WIP, theivthe Riacasy iepeatsstept 60 te 1d thatl\aHgt fisr stieeasshillyf rasesvéam theAfieskiie lot
has been successfully reserved, the auto controller issues a transportation request turacirfter transport
to retrieventbguiphienhe processed, lot 8 and move it to equipment A. it this example, the auto corttioiier
wvokes a move job request (TxSimileCattierXh'Beg or 15 likMultiequitiorXfrReq) to S iView to instruct
the AMHS to weklatiBitestiuiMentiAf WhEO IO Bas tietiveredhto eqtipheinistbdyn thereatdeirdransport,
it is loaded onto equipment \ fb processing and the process 600 ends in step 624. If the auto controller
determings: at@siiep 609 ithat tegtfipmentit@élverif carrie xtaastaiu sSThet eqsalt o L iReqlihwesautahe
Controller i.2StStrausportatton request for a 20delivery cattier transport to retrieve the lot that has
been sucegssfuliyrvefifiést andrvalidateddeistep 608anchmpye. itlo dipipfoetic\fddihisiexafithte, the
tcontrollei causes a move, request fIx8inglee torKfekteq oi 1 xsXultiCarrierKaReq) to o invoked ii SiVin
at stop 614t teinsituchtheABSute ditdscHQ0 Pguipmeciidge to Aistep 6ldnthialtoreantrolter. aits thr
equipment A to be ready to receive a subseq lotFor example, tile carrier containing lot A ha been
removed tiiraxthapache a0 ebpmehir Adonethe TpresBnite Clodigedhdq ifeaquipineniAhis DV Fotecei
subsequent lot, the load part status of equipment A will be cithoadReq". At step 615, when the
loadporeaciurpfiieint $ Kiitan AW Ergtaithie far: (hacoatiellflecheaksttiie: Gurcbabfecativatoistheiatltp be
processed, has it been picked up by the startrem s (nigh 1 locadotiie.g..stoekerldt-delivery to
equipmentcording to SEMI standard, lot reservation process cannot be initiated for a lot which isin a

carrier transport.
At step 620 the auto controller initiates a “Start Lot Reservation” process to reserve the
lot to be processed. In one embodiment, the auto controller reserves a lot by invoking control
15  job creation request (TxStartLotReservationReq) to SiView. If the auto controller determines at
step 621 that the Start Lot Reservation is not successful, then the process 600 proceeds to step
622. If the Start Lot Reservation is successful then the process 600 proceeds to step 623.
At step 622, the auto controller initiates a transportation request to reroute the lot that was
not successfully reserved at step 621 back to a stocker. In one embodiment, the auto controller
20  issues a move request (TxSingleCarrierXfrReq or TxMultiCarrierXfrReq) to SiView to instruct
the AMHS to reroute the lot to go back to the stocker. After step 622 is completed, the process
600 loops back to step 606 to check if there is any more WIP available for equipment A.
At step 623, the auto controller issues a Change State Change Request to change the
FOUP status of the lot that has been successfully reserved at step 621 back to the original status
25  which is “SO” in this example.

At step 624, the exemplary process 600 for pre-emptive dispatch is completed.
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In the present embosumant, the status of is lot current location is t Alected by the location of its
outliersealed pod in the fonu of a Front Opening Unified Pod (FOUP). The auto controller cheeks the
PULP state bet purposes ots nplit, we will assume in the present embodiment that the) 10be noce

--seri is originallyhbeadk8ance with ole ELIP FawsiseSionthisepaansthaitae tetiehedqrosgssed is
stil.l at the stocker and hasbeen picked up by the deliver;carrier trathis happens, irocess 600 goes to

step 616;the performAhEOISRi Status isspalh, ttisisaeansehibitheattibl excnddigidtiftansonoldas 1rtds
picked up the lot to be - ocessed from the stocker. When this happens, the process 600 gees step

619. It is tmheappiesiptathibatfiie fraseildniaatidnrnisgopaiyt praciidaiecwinentiktedento be. ssed is
originally located atay also be originally located at an oq Where the status of the FOUP would then'

and "Fkr coeaningithatthe daing & theadd eguipragntanahedd yupiekeillupaion dia edupment lot
respectively. At step 616, the auto controller -initiates a "Start Lot Reservation" process to reserve
the Iet to hepriecesspehdin dnepesvbsdimenipuhe 7asiioveotiabesties envasratakbiamyoking fantrol job
creation requestotReserva ooReqj to SiView. If the auto controller determine at 1-7 that the Start Lot
Reservatibffésesudopasiuinghestiiodproae siata@0lbanepletesminateed in teraSiamtdisRasdnvation is not
successful hen at step 618 cancels the transport request to move the lot from the stocker to equipment
Aprocessiflbywiien wettkins toatklio sigpchonéthoeteifinediithetools aryamptev\dRBpacadabte for
equipment A in this example, the auto controller issues a Delete. Move Job command to Si View
(Txt.oteagsbiciobReteteReq) ins iigtininSiViedutat(@gBtistttoctheiN SdorImoémentafitipeileSkent
based on dispatch method is implemented with the steps in Figure 5a and WhereNext analysis
10  initiated before the first lot is in a ready to unload state. However, instead of executing steps 520
—526 in parallel with steps 540-548 like in Figure 5a, steps 540-548 are only executed after step
526 has been completed. In duration C between weeks 17 to19, the pre-emptive event based on
dispatch method shown in Figure 5a is implemented where steps 520 —526 and steps 540-548 are
executed in parallel.
15 As shown in Figure 7, there is a reduction in carrier exchange time for durations B and C
where pre-emptive dispatch is implemented compared to duration A where there is no pre-
emptive dispatch. Additionally, the parallel execution of steps 520 —526 and steps 540-548 in
duration C also brings about a reduction in carrier exchange time of more than 40% as compared
to sequential execution of steps 520 —526 and steps 540-548 in duration B. Therefore, pre-
20  emptive dispatch can advantageously reduce the carrier exchange time or machine idle time in a
production facility.
The preferred embodiment of the invention is illustrative of the invention rather than
limiting of the invention. It is to be understood that revisions and modifications may be made to

methods and systems described herein while still providing a manufacturing automation system

25  and an automated method for movement of material that fall within the scope of the included
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to equipment A. Returning to step 615, if the FOUP state is", that is the lot has been to the stocker and
is in transit in the delivery carrier transport. The present invention allows for the reservation ala lot
when it is in a delivery carrier transport, To allow for the reservation of the kit, the auto cot3troller

causes thg.Mid? statedeeehpiBatosenp rkatons ioloh iesesvaiteniariiie attmesntotkbissues a
Trans State Change Request to change the si to MI" instands for manual in. The reason to according

to SEMI caitesrtiansnor Atister é2ththeoautmrontkeles iniuct n onetathoditti nt, the auto
controller reserves a lot by invoking control job creation request (1l.otResersRSi View. If the auto
controller determines at step 621 that the Start Lot Reservation is not suceesshtl then the process 600
proceeds to step the Start Lot Reservation is successful than the process 600 proceeds to step 621
At step 629, the auto controller initiates a transportation. request to reroute the lot that we not
esessfully reserved at step 621 back to a stocker. In one embodiment the auto controller 2.0 issues r,
move SingleCarrierXtrReq or TxMultiCarrier,KfrReo) to SiView to instruct the AMRS to reroute the lot
to go back to the stocker. After step 422 is completed, the process 600 Mops back to step 606 to
check if there is any more ih ttenable for equipment At step 623, the KilO controller issues a
ttiquest to than.ge the FOU status of the. lot that has, beensuccessfully reserved at step 621 Mick to
the original sta which is "SQO" in this example. 624, the exemplary process 600 for preemptive dispatch
1.
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In accordance with one aspect of the invention,y he usedto the performance of dthrem dispatch
methods, They are earner exchange time Vs Move. exelitatie time refers to the idle limeequipment.
‘That, is, the time between a completed lot coriverO u C:oad status to the successful loading of a
subsequent lot onto the equipitte t a processing. Figure 7 showsa oft 10 earner exchange tune for
different dypaaichiagnateisiods. 'The data collected is .swnmwizcd. in termsof weeks. In duration A
between weeks 6 to 9, the dispatch method of Figur ﬁ(l ithout prc.emptive dispatch is implemented
using event triggering. in duration B between Weérggll 16 apre-emptive event based on dispatch
method is impletneted withe Sa and WhereNeatt analysis .cf iated before the bat lot MInicad state.

Howevt.r, instead of execulti teps 520 -526 in parallel with steps 5440-548 like in Figure 5a., steps
540-548 re OffY SHURTRIE LRSS L SRoRERIL S PBTR RS PP UL ¥ Go0eRN B 1 7 tof
thewove event bdatedmadisptatiiatod dondsbiowinist&igLee Sfrss oo plectssitaiwh énstsiqmpndsteps

540-548 are executed 15As shown in Figure 7, there is a reduction in cafriertime f rations B and C
e t4b EPNOR IR SR En b R DA SA) G GRS S [ B T B
Additionaityn phetgaaradzlssingcantibis rfaste stz it ndstersirdCegdidrireairation C also brings
about_intim in carrier exchange, time of more thPa 40?/0 as com%? ed to sechugntliil e ectjtigrll ?f steps
2526 and steps S84 TSR, THEPAIBE O HE e HRINO S GBI RAY to ﬂ'iﬁ&ee By teduce
the carridretorehthadiestiioeioconaettautoithe taadyitoiredonedsam patareimndaé tmeningehboexs illustrative
of the invention. . .
processing tool for the first lot comprises
performing a next destination analysis to select the next processing tool that is
available for processing the first lot for subsequent processing,
and
performing a priority analysis of the first lot to be processed at the next
processing tool; and
dispatching a pickup transport to pick up the first lot from the first equipment before the

first lot is converted to the ready to unload state.

2. The method of claim 1, further comprising selecting the next processing tool for the first

lot before the first lot is converted to the ready to unload state.

3. The method of claim 2, wherein the pickup transport is parked within a proximate
domain of the first equipment before the first lot is converted to the ready to unload state.

4. The method of claim 1, wherein determining a next processing tool for the first lot
comprises checking at least one of a next equipment availability and priority of the first lot with

respect to the next equipment.
5. The method of claim 1, further comprising issuing a next lot command to determine a

second subsequent lot to be processed in the first equipment before the first lot is unloaded from

the first equipment.
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linritinofthetion, h is to be understood that revisions a-$thficatioos may be made to methods and
systems describeC still providing a manufacturing automation 3) ste claims. All tn"t'n the
ae.companymn fignre are irH.erpreed m an iulusirave.,nad non iinuitmg se4fe. What is claimed is:
CLAIMS 1. An automated method for movement of material in a production facility comprising:

detectingsan anﬁﬁ@m@mc@aﬂeramrsirvmw:s tleanbxslldotpraeasdinddsuadissfarguipriest|te i ready to
unload state, wherei he r to unload state indicates that the first lot has completed processing
and is reﬁ?ﬂy%t % r&g M“JH@ gt ®quipment, issuing a next destination command to
determine a next processing tooI for the first lot before the first lot is converted to the ready to unload

state, W rein determi e next p ssing tool for the first lot com es perform a nhext
clestinatin anal) S TELBHLEL A et e LSO BP0 S0 BT e G e Chaor
subsequéindtpmapssinghefork the fiesfdstrisngaveriedty analyaty o Unddastiateto be processed at the
next processing tool; and dispatching a pickup transport to pick up the first lot from the first

equipment before the first lot is converted to the ready to unload state. 2. The method of claim 1,
further c@mprisimbesekhtd@tictaimes7, puabessugpasintpistuntirsdelivesjorertimfireidotsstoatissterd to

the ready to unload state.. 3. The.meth %of clai herein the transpart is parked within a
oroximat SHIETH B9 (o R e o TR L B AP ot .
The metlecbofl dtaitn themhﬂrmrndat@mwlmgem iextiplioesssngfoc| rayudse |ﬁsse¢bbefomphséssa:ﬂm0kmg
at least Og%oorrv%r 1ex { tﬂwP 0 vail |Iag|ll Xtand priority of the first lot with respect to the next
equment .
9. The method of claim 8, further comprising dispatching a delivery transport to pick up the
second lot from the original location for transportation to the first equipment before the first lot

is unloaded from the first equipment.

10. The method of claim 9, wherein the delivery transport has picked up the second lot from
the original location before the first lot is unloaded from the first equipment.

11.  The method of claim 10, wherein the delivery transport is parked within the proximate

domain of the first equipment before the first lot is unloaded from the first equipment.

12. The method of claim 9, further comprising reserving the second lot after the second lot
has been picked up by the delivery transport from the original location.

13.  The method according to claim 5 wherein the next destination and next lot commands are

issued simultaneously.

14.  The method of claim 13, further comprising executing the next destination and next lot

commands in parallel.

15.  Anautomated method for movement of material in a production facility comprising:
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5. The method of claim 1, further comprising issuing a next lot command to determine a second
subsequent lot to be processed in the first equipment before the first lot is unloaded from the first
equipment. 6. The method of claim 5, wherein the next lot command is issued before the first lot is
converted to the ready to unload state. 7. The method of claim 6, further comprising selecting the

second lot to bejpratersatpnidpiittaneiribeant beiawsotefflitst oo caniry et hriteqeade o
unload state. 8. The method of claim 7, further comprising issuing.a delivery transport request to
dispatch 3 ATREASMUAGED Al BRI aE e I BE STt i H Lt B8hsporting the
second lebhaplbeedifsioesssipmean, isvizatsinothe idbaeey fians e firste@spiastedmefore the first lot is
converted to the ready to unload state. 9..The method qf claim.8, further comprising dispaiching a
Gelivery ransp 0 SRR B AP TR S i S YER o LR A et
equipmesthteefore the first lot is unloaded from the first equipment. 10. The method of claim 9, wherein
the delivery transport has picked up the second lot from the original location before the first Jot is
untoacied from the frst CHUTBMERE! o RPSPEHUEHE A 51 U SaR 2 B bl CeOF e
parked Wwitlsirl dt) evbevzimeédee aoimiainthé trexfipsd esgsiipgrteot fueforefits: fitstdotpasgsloaded from the first
equipment. 12. The method of ¢laim 9 furthﬁr cﬁ(im rising reseryin ﬁgei econd lot after the second lot
it s el ¢

has been picked up by the ddii ?W#Qg&%% el © PHE RI8HTEISES ding to
claim 5 wherein the netkatiizstuzdlabte dodpnectsking dnerfiestdist doe sabsepiaimitaessnglgndl4. The

method of claim 13, further comprising executing th nextfdi stinati d next lot ¢ ands. in
Tarallol. 15 An autamated maFOH I T LA Ao A oo s AR s CAniRe de
detecting an anticipataqutamssirstonljn status of a first lot processing in a first equipment to a ready to

unload state, wherein the ready, to unload state indicgtes that the first lot has completed processing
and 1 ready 10 be cnl GRS R A LD S iAot Taute B o AL TR BB, berore me
first lot is conventawportie pecldyptoharfiosidostiten the firstisgwiimmentext destination command to
determine a next processmr%]tool f?[otpe first Ioé,t\(/)vlaerem.determlnrlﬂ Be nextt%?(fg%seln toql for the

t
. . ISSPI d nNex %ca‘nn{an gtermine Et\ SEC %Se ue CeSF .
first lot comprises performing a next destination anaIyS|s 0 select the next processing tool that IS

available for prandbsificstiegUipsdat, famdsubsequent processing, and
selecting the second lot to be processed in the first equipment and dispatching a
delivery transport for retrieving the second lot from an original location and transporting

the second lot to the first equipment.

16.  The method of claim 15, wherein

the pickup transport is parked within a proximate domain of the first equipment before
the first lot is converted to the ready to unload state; and

the delivery transport is parked within a proximate domain of the first equipment before

the first lot is unloaded from the first equipment.

17. A method of manufacturing articles comprising:

processing a first article in a first tool;

detecting an anticipated conversion in status of the first article to a ready to unload state;
and

issuing a next destination command to determine the next processing tool for the first
article before the first article is converted to the ready to unload state, wherein determining the

next processing tool for the first lot comprises
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performing a priority analysis of the first lot to be processed at the next processing tool; selecting
the next processing tool for the first lot and dispatching a pickup transport to pick up the first lot from
the first equipment, issuing a next lot command to determine a second subsequent lot to be
processed in the first equipment, and selecting the second lot to be processed in the first
equipment and dispatgiyirfgrenitefix eextréssipatiolo anelyisyinsdhe seeanrsiprdoemiag woyinal iocation
and transportin%th. ?nd lot to theotﬁiﬁf%gt&ipﬁent. 16. The method of claim 15, wherein the
pickup transpor Y@'E%Ef? 8%5%‘?%'89 Ul 85 5'[?‘98?%@%;9{ %?ﬁ?ﬁﬂﬁgent before the first lot is
converted to themgady to unload state; and the delivery transport is parked within a proximate

d in of the fi ' before the fi j df he fi ' .17 A hod of
manufacturing anicios BNURG, HIBLELAYa AL RO 8 CSEr AL VG AR Oricpatedd

conversion in statoesditigedoltaadicle to a ready to unload state; and issuing a next destination
command to determing.the next processing.tool for the figst article before.the fir ticle is converted to
e ready o unUABPLAIES ARG BARATLIR fic AR dIoLLLe T 0 T e e G iRt
performingcamextedestihaticatipnalysisatssatect the next processing tool that is available for processing
the first lot for subsequent processing, and performing a priority analysis of the first lot to be

processed at the next processing tool; and dispatching a pickup transport to pick up the first lot
from the fi8st todiHeetmthdb érfickiintlis wopkant ¢k thrib artizdel ydopridesd Ktstéot dBsehhieonedotut in claim

17 Whereinfthe first ﬁrt'hcle com H’ses a first I?t of sc?miconductor wafers on which integrated circuits
are formagfers on"which'intégrated circuits are Tormed.

19. A computer medium for storing a computer program for manufacturing automation
comprising:
detecting an anticipated conversion in status of a first lot processing in a first equipment
to a ready to unload state, wherein the ready to unload state indicates that the first lot has
completed processing and is ready to be unloaded from the first equipment; and
issuing a next destination command to determine a next processing tool for the first lot
before the first lot is converted to the ready to unload state, wherein determining the next
processing tool for the first lot comprises
performing a next destination analysis to select the next processing tool that is
available for processing the first lot for subsequent processing,
and
performing a priority analysis of the first lot to be processed at the next
processing tool; and
dispatching a pickup transport to pick up the first lot from the first equipment before the

first lot is converted to the ready to unload state.

20.  The method in claim 17 comprising selecting the next processing tool for the first article

before the first article is converted to the ready to unload state.

21.  The method in claim 20 wherein the pickup transport is parked within a proximate

domain of the first tool before the first article is converted to the ready to unload state
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19. A computer medium for storing a computer program for manufacturing automation comprising:
detecting an anticipated conversion in status of a first lot processing in a first equipment to a ready to
unload state, wherein the ready to unload state indicates that the first lot has completed processing
and is ready to be unloaded from the first equipment, and issuing a next destination command to
determine a next processing tool for the first lot before the first lot is converted to the ready to unload
state, wherein determining the next processing tool for the first lot comprises erforming a next
destinatiGh anall ST LBILEL SRR A BB CH R LR it R ETRRSRRH o esdiig BbGiRot for
subsequentprizes shitkiag et leasper®oning:t Ry oipinemalysisisi ithedidiriotitly bethedbesaaitkt the
next processing toal; and dispatching a pickup transport to pick up the first lot from the first
equipmeWtI i ?ﬁ&%ﬂ&ﬁ'&‘@% VSR to the ready to unload state. 20. The method in claim 17
comprising selecting the next processing tool for the first article before the first article is converted to
the ready o unlgad state. 21. The method in.claim 20 wherein the pickup transport is parked within a
proximat Homal ot SIACHLR FSR B ore TRBTIF Srhing fo s PEVE G WP P LRIGRG state. 22
The metiiecbin claiseduéntaeiela Weie prooassed imekiefirt essimgfoeltfer fins findtlarisalelocadedrisas
checkingfat #eaﬁ one of a next equipment availability and priority of the first article with respect to the
next equ B?nérr? . 23. The method in claim 17 comprising issuing a next article command to determine
a second subsequent article to be processed in the first tool before the first article is unloaded from the
first tool. ,24. The method.in claim 23 wherein the next article command is issyed before. the first article
s conveRta to (16 IBEU W Ll ST PRt AT A SR ey Sctdbhig Fcbecone
article toibeqmuareshedtionrtadyitstudohbetaie the first article is converted to the ready to unload state.
26. The method in claim 25 comprising issuing a delivery transport request to dispatch a delivery
transport for retrieving the second article from an original location and transporting the second article
to the firg5ool, Wenedthtitkinlelaiery4reorspoidi ng pakestiisg tersbedodeattiel &itst @ icte éssed mvetted to the
ready to ynlpad siafese A fe MERId (B L3I AR forppriRing dispajind a delivery ransportfo pick
up the second article Trom the original location Tor transportation to the Tirst tool before the first article is
unloaded form the first tool. 28. The method in claim 27 wherein the delivery transport has picked up

oo methctin L D4 Wl S e S L T Sarle BeTUER bRV MR

first tool Delivazyttiearfigeordifiocl eets evitgpitie ddfecond dréi ¢lestromolan original location and transporting the
second article to the first tool, wherein the delivery transport request issued before the first

article is converted to the ready to unload state.
27.  The method in claim 26 comprising dispatching a delivery transport to pick up the second
article from the original location for transportation to the first tool before the first article is

unloaded form the first tool.

28.  The method in claim 27 wherein the delivery transport has picked up the second article

from the original location before the first article is unloaded from the first tool.

29. The method in claim 28 wherein the delivery transport is parked within the proximate

domain of the first tool before the first article is unloaded from the first tool.

30.  The method in claim 27 comprising reserving the second article after the second article

has been picked up by the delivery transport from the original location.
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30. The method in claim 27 comprising reserving the second article after the second article has been
picked up by the delivery transport from the original location. issued simultaneously. 32.The method in
claim 31 comprising executing the next destination and next article commands in parallel.

31. The method in claim 23 wherein the next destination and next article commands are

issued simultaneously.

32. The method in claim 31 comprising executing the next destination and next article

commands in parallel.
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