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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 sequence. In most instances, these processing steps are carried out on more than
one piece of processing equipment, each equipment having one or more processing chambers, For
10example, the manufacture of electronic devices in a wafer fabrication facility involves the
performance of pron essinu steps such as film deposition, photolittiogritphy, 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 pit-messing steps in a single mat:easing isluipment, it is case that the substrate will
have to be transfened between iliftitint processing 15equipments situated at different locations within
the production Melilla).. 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 axe generally grouped together and placed in a carrier such 20as sealed
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 fpwr) systems, substrate itanier handliag -robots, antmnatie
or rail guided vehicles arc typically employed in transporting the carriers between locations. In Figure
1, the automated transport system comprises an ()UT 25system hatiuding tracks 122 and 142 wit it a
plii raiity of earner transports (not shown) coupled to it. The carrier transports are adapted to transfer
one or more carriers around the production 



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 $t Ft segregate( ito transport:an that facilitate tie tranofCS within a bay tjntttfrbay) versus
transportation that facilitate the transfer of O4fl1O5 between bays (inter-bay). Aflemativey. therier
supports can also be free: to circulate ..e freely through the fabrication thcitl,ty without &nitatiou as
intra-bay or interhay. it. is ako not essential that the abncaton facility be separated into bays,
Depending upon the complexity of the electromc device, it is not uncommon for the total fahricazi."
involve few hundred processint, step:: su ting from a blank wafer substrate 'to the separation of a
completed wafer into 'indIvidual iMegrated circuits. During this time, the wafer substrates may he
moved between hundred different loc..-$.r processing, the process route possibly includiilevel of
reentrance in which the same pethw equipment or compatend types ace used. Therefore, the time
taken far the transir of wafer substrates between different locations in a tabncation facility including
time spent waiting r a carriertransport 15pick up the carrier within which the sulcad plays an imporde
"(de in determuunc the total elapsed tn eleel tic device also known as fat) leaden cycle tin        In
today's senuconductor industry, manufacturers are tryMpeaye their market. share by improving wafer
yield and presiding shorter ode rime to attract more customers, cif:Lc:kat mauit ninc: mit.orru th1r
oyster and me kinds forisferrino work in 



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 for movement of material in iert faCility'is.provided where prior an actual cc wersum in status
of a firat, lot proeesiang in a first equipment to dtea4y to unload state, a conxmaiid halsOned to
determine Ea  next location for the first lot. Ibe ready to unload state being a state indicatingthe 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 :mtil it re, es the ready tostate before axa d determine its next location is issued"As a result.
.ies.s time is incurred in ww.tmg for et carrier transport to pick up the complete.c3. first lot thus
facilitating a possible reduction in fltbdcatirn cycle tima Additionally: expediting the emoval of a
completed first lot also mean  / ern is ready to receive a second subsequent lot br processing at an
cart/ thne. The idle time of a processing equipment lay therefore be reduced.            In accordance
with a second aspect of the invention,promoted nymilthcturing inethod 10 further comprises .the itelext
desunanon command to determine a next destination be first lot The next deof the first lot is selected
and a pickup trans cat is latcheo to pc up the first lot the first equipment.exit lotcommanatiaissued
canoe a second subsequent lot to he. processed in the first equipment. The method thither includes
the step of seleetin.g the second lot to he proeessed in the next equipment and a deli t I 'y u-a l:Yrt is
dispz ched fdr reing the second lot from an 9r*.e.la location and the second lot iss orted to the first
equipment.       In another aspect of the invention, a method cf manufacturingarticles is presented. The
method oornpnses processingarticle in a first toot An anticipated convemion in status 



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
automation is provtded. The computer medium comprises detecting an anticipated conversion in
status of a first: lot processing in a first eqwpment to a ready to unload state. 'The ready to unload
state indicates that the first lot has completed 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 nra? tot is converted to the ready to unload state. These and other objects along with
adv:features of the present mventon herem disclosed. will become apparent through reference to the
folitnying descripti on. and the 5 Kt 3h flWsitgs- Ftitthermore, it: is iinderstood nit the fetwes of the
xaroth ocnh u'pent,i. described herva and cIt 0th comb n.Thn and. pennutatrons BRIEF
DESCRIPTION OF THE In the-igs, like reference numbers generally refer to the same parts
throughout the di Clew VieWS. Also, the 4twyings arntnecessarily t:o scale, ihnphasis tad generally
being pliteml upon ill use invention in the thhowmg description, 



cinbodnuents ol the.:tonbe. d-example with reference to the drawiaL 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 production facility; ft an 3 S1SJAVS a Gam: eliart ithistnuing is.nrocs flow (CFdtsp.tcb
by the manufacturing automation snrc 2. in accordance With a first embodiment of the 20invention.,
Figure 4 showsockdiagram of an exemplary manufacturing autoifl an auto controller adapted to
implement pre-emptive dispattil ut accordance with a second embodiment of the invenflon;       Figure
5a shows a simplified work flow of" an auto controller adaptedfacilitate pre empuse dispatch in
accordance withbodiment of theti                   shows Gantt chart ustrating a process flow for
pre-emptive thspatc.h in accordance withembodiment, of the in e 'orr Figure 6 shows How chart
illustrating an exemplaryk kw pre-emptive dispatch by the manufacturim automation system of Figure 4
M accordance with a -fifth m of the iriventioiu and       Fiume 7 is a graph illustrating the correlation
between carrier exchwge time versus dispatching method used by a manufacturingHI system. 



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 maysed kr controlling nat. operation of a production facility. As ithoikin in Eieun 2, the ma-
automation system 200 comprises at am t onehi supervisory program (NISP) 2 1 0 which monitors the.
status of and acts as an interface formunicatirt with the processing, equipments associated with it The
NISP is in t twocommunication with a manufacturing execution system (ES) 220 The otanufactur.ng
executiont system (NIES) 220 tracks the overall execution or operations in the pron oicob.k The MES
may also pertcon fUnctions associated with the production iacility such as tracking the location of
carriersand slams of 20peribrming lot teersauons and potting lots a hold. Apart from the :WI) 210, the
.NIES.2also in twost,,,drortitnicatiort 'vith an automated material handling system (ANIRS) 230 and an
activity manager (AN1) 40. The automated material handling system (AMIIS) 230 is a controller for
co/art-tilinga transport          lin the production facility, The A MITS 230 monitors and controls the
operation of the transport system components such ae,r transports and ether transport means
associated. with  moved to their desired locations. For example, the AMHS may allocate carrier
transports to carriers for movement thereof. direct the movement. Of ratTler transports to :Teethe
tocstmns and track the status and location of carrier transports within the facility. 



The AM is in twcommtrination with a. real timedispatcher (RFD) 250 for managing the lots in the
fanThe RUE) contarns an mventorv 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
progresschiding perhaps priority ranking of the lots. Based on the lot list, Ilx per in next destination and
pnonty alysis for lots which have been processed by an equipment and ready to he removed from the
ectui it chart illustrating a process flow n accordancehembed' of the invention fr matt:r:i&dispa anti
thetufi ng automation system 200 of Figure 2 from a machine perspective, wherein xi in the process
flow represents a duratkm when a first. equipment pro essmg lot A, Lot A c tains One Ot 1 h. tten
rocests cif being tirnsfattmed into a final pin an exemplary e.rnoochincnt, the items may he wale!
rates oreta. Alternatively.  other Mims are idso suitable" For the. ease where the hems are water
uhstrates, the first equipment may be depositing a film on the wafer substrates rub't A.. The
firmequipment roily process ae itiants1) ot Aucm7 the sure reLp. or may be variation in recipes used
between. items. The end of xi as signified by 20completed processing and is in a ready tounload
statas where it is ready to be remove( frcnn the first equipment. The period x2 represents a derahonke
first equipment is processing a. second subsequent lot, let B atiez lot A has been completed oeessrng
and is removed from the first equipment. The start of x2 is signified by y2 where oaof lot B onto the
first tool for processing has completed. For example. lot B may be loaded onto a loading  



the machine idie time y. During y, the lirstripmentine for th c *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 from the First equipment. The unload request indicates that the anties in a ready to unload
state and triggers ,analysted, The 'WhereNext"analysis is to det:erniinea next destinatioone en:kb:Ain
N an MS? associated with 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 next 10 destinfor lot A has been deteomrted, an OfIr wait ad pickup transaction 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 destinatir, . The transportation request may be ssued by the NIES to enwhich is the notaralla fot
the transport ysten will then arrange for a pickup carrier mar iixtrt to retrievr. lot A from the first equipm
After Int A has been removed from the first egohe first eqt vmcnx issues a Toad request winch is
indicative of that the first equipment is requesting for a. lot to process. This trigger:, `WhatNext.'
analysis to detennine a next suitable lot to be processed en the first equip , raid a svi: .queut
refervation t ariSaCtiO0 tO asshirri the ehosen e\t lot to th- first equipment. in one eraltiodi nem, the
MSP associated wfirst equipment communicates the load request to thiby initiating the NIES to
perform a WhatNext" analjsis conpmct3.on withAfter a next lot 13 has been chosen and reserved, an
OUT Wait & Pickup masacti..op. is initiated where a transportation request. issued Ethr exatic MES to
the A?vflIS far a delivery came- trans1ort to nIckup lot 13and deliver it to the tint equipment. 



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 fIrst
equipmentunload ax load requestbe attended to either by pollin.g or event t.rignering. In polling, the
irMt execution system (ME) polls the equipi u..,n s sequentially within a bay or area t ofequipment are
in need.of services. The polling is achieved vith a The MRS can I t ...Illinie watchdogsbImpairing a
respective group t of equipments Mr C\ trnp1ei 10, rtk: \va:t.( hdeg will go ahed the status of the 10
equipments to see whether an equipment respowl; a carrier triIIINrt: for carrier 10 delivery or pickup.
When a polling mech&misni is: employed, an equipment waits 'or i be polled before its requests Can
be accepted and attended to. On the other hand, in event triggering, lions are initiated when the
request is made instead of having to wait fts.r 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 atready
converted to a ready to unload state and an unload request is made. In accordance vith another
embodinient of the 3.tWCfltiO.04 preempt$ atehing is performed. In pre-emptive"," a command to
determine a next destinationa first lot )30i:es:aria in first equipment i ;sued prior to an actual
conversion 0lot to a read fltilmd state.entry to unload state indicates that the first lot has completed
processing and 20 is ready be unloaded from the first equipment. However, with pre-emptive
dispatching, the conversion of a first lot to a ready to unkad state is pro-a1y anticipated and advance 



command is issued to determine a nextdestination fer the first tot. Preferably, pre-emptive dspa.tch
USC8 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-emptive dispatching schedules ors in advance. This can reduce  the duration of sr(or idle time)
advantageously increasi g throughputimproving machine         pro 4 shows a mann- Wring automation
system 400 fOr controlling the operation of a production facilits w aceor -c with one embodiment oftlle
im ,'rrv>n. The InatuitI automation system 400 comprises an auto controller 410. The manufact ring
srstem also includes, fin example, a machine sup(MSP) 420, manufacturing execution system (MES)
430, real time dispatcher 40 and an o ted material haudho system (AMES) 450 In one embodiment,
the functionality of the MSP 420, MES $30. RFD 441 and AMHS 450 is similar to that in Finure 2. The
IMES 4210 is in a tu oway eonimumcaUon with the 10 auto controller 4 0. MSP 420, and AM1TS 450
andsiay cornmutheation withRID 0. Other coo inauthc.turingsystem are also useftd,        The auto
controller 410, titone embodiment, theibtates pre-emptive dispatch embodiment, the auto
controller(tires teal firratatit. 13hag operating conditions in the .1iitcihtv and initiates proactive advance
action0sently described enThodimem, the auto c intoner 410 interfaces with the !ASP, NIES and RID
in sue tsay as to obtainMSP, NIES and RID data for read time event tracking and ex cat n. In an lei
1-bodiment of the nian.ufie.turing automation system, the auto controller      also interface directly with
the AMHS so as to obtain  or  root time information directly to the AMITS. Other config lions of
thclame:cOndtiler an otie components of the TM ufacu ring systa n ate also 'useful. As shown, the auto
controller 410 tu S OtK-wasMitaliCation k th th . SP 420 ,:ind two-way communication with the MES
43a RID 440,. To detect an anticipated conversIon of the first lot to a ready to unload state, real time
intc.rmation regarding the progress of the first lot are used. For example, the auto controller 410 may
receive real. time information 03 the pro ress of the first lot preceasit t an equipment either directly
through the MP 420 or sic 



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 sunphnee pnx.csa flow 500 for pre-emptive dispatch in accordance with one embodiment of
the invention. It should he appreciated that the particular sequence, atrangemeztt and number of moo
in the process flow 500 are notnt -to imply a fixed orde semi:nice, quantity a dkr timim.: to the stepsano
modifications me made without departing from the general ,z don of pre-emptive 10The process
commences at stepwhere assuming that the items in processed sequentially,autoadapted liSICI) W
any event are wafers that equipment A has yet to omplete processing. Information regarding the
nrocescim, conditions of the first lot may be provided by the MSP of equipment 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 events of the tek a nlifers that equipment A has su to COtrplcte        g. For example,
detection nay be based on vanous critetia such as when theas: wafer in the first lot completes
processing. Upon detection of the anticipated conversion, the auto controller Mates the execution of
steps 520 and 140 simultaneously before the first lot actually reaches a ready to unload state. In 20the
present ernbochnient 5110cs. in Figure 5, the execution of steps 520 to 526 and steps 540 to 548 take
Mace in parallel fn another embodiment, the auto controller may be adapted to trigger
, 540 based on different eve are indicative of an anticipated conversion of lot A to a ready to unload
state. For example, stcn 520 may be triggered based on the process completion of 4th last wafer in the
first kit while step 540 ...lay be triggered based on the prOG'tSS completion of 2nd last wafer in the
first tot.  



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 initiates an action for a Carrier transoort to pick up the first lot from equipment A. In one
embodiment, the algorithm fbr theauto co:Moiler is set so that a carrier transport for pickin up lot A is
ent to pickup kit. A prior to the first lot reaching the ready to unload state. Preferably, the carrier
transport is aced in the vain .5 or wk wpm t ppeiot to the teady to th-tioad state.       M step 52A, the
auto comn lLr istens to information er, the sLitU of the first lot r it the NIES and is rtdapted to proceed
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 tutu controller instructs the carrier tranapor to p3ek no the first lot from equipment A. Returning
W step 50% the auto controller Aso triggers WhatNext analysis Step upon detecting anconvers.ton of
lot A to 4 ready to unload slate The WhatNext analysis is to determine a next available lot to he
processed in eqnip.ment A In one embodiment, the auto controller may obtain intonnatton on the
available workprogress equipment A from the KID and determinehe processed in equipment A
basedon it. In a orc.terred erohoannent., the next lot to be processed in equipment. A is determined
before 20the trsr lot has finished processing. After the next let to he pmeessed has been decided at
step 542, the auto controlle initiates an action fru a carrier transport to pick up theo from itsal location
and deliver it to equipment A. In one embodiment, 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 ready to unload state. Preferably, the carrier transport is placed in the vicinity 



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, the auto controller initiates a process to reserve the next lot for processing on Nuipment A. In
one embodiment, the auto con/miler performs lot reservation through WEEFt.       At step 548, if the lot
reservation in step 346 is successful, the auto controller instructs the AMHS through the MES to
deliver the reserved lot to equipment A, loading the reserved lot onto equipment A for processing. In
some embodiments, the auto controller workflow in Figure Sa is timed so that the 10 process to
determine WhereNext 520 mid IsVitatNext 540 is mirried our concurrently, Preferably, the process to
determine the next destination thr the first lot and the identity Of the next lot to be processed on
equipment A is completed beihre lot A actually converts hi a mady lb unload state, The steps in the
workflow of Figure 5a may also he timed to facilitate the positioning of a pickup carrier transport in the
vicinity of equipment A and a delivery carrier transport to be entitute to 15equip:nen: A before the first
hit is actually converted to a ready to unload state. Rpm 5b shows a Gantt chaiI illaStrating, a process
flow fir pro-entptive material dismitch by a manufacturing automznion system from a machine
pempectiste M accordance with one embodiment of the present invention. xl in the process flow
represents a duration when equipment A is processing lot A. At the end of xl as signified by y I in
Figure 5b, lot A has 20 toprocessing and is :di a ready to inload status WI/CD it hi ready to be remotaxi
bruit the equipment A. x2 represents a duration setten the equipment A is processing a sesxind
subsequient lot, lot 13 after lot A has been completed procesSing and is re:twisted from the equipment
A. The start of x2 is signified by y2 where loading of lot B onto the tint tool for processing has
completed. The time, y" elapsed between yi and y2 is equivalent to the machine idle time, 25By
employing pre-emptive dispatch, the idle time y can be reduced, For example, the idle time only
Includes Of-IT unload and load, that is the unloading of the completed 'lot A from  



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 theltnp OUT to cituri It A to
retrieve lot A are completed before lot A actually converts to a ready to unload      A deliver' carrier
transport containing Mt B is alsoplaced in the vicinity of equipment befbre.unload.ing ot lot A from
eqwpEfle.flt A has completed so that lot B is avaikih.k at equipment A thr loadmg when equipment A
becomes avaniabie,       Figure 6 is a detailed preemptive dispatch flow chart illustrating an example
process 600 tbr SOMC CrobOicallentS )t the pr <c t ins ention that 'n belad uunr thc matutfacturiith
automd00 shegore 4. However, it should be appreciated that while the                              00 is ustrfiti
for performing methods of the inveuion, it is not necessary to have the exact a 3.. components and
anangenient ther,ZOit in order to practiet. the invention, A.dcthionaily. it is to be understood That the
particular number and order of steps In Figuremerely exemplars' and notply a fixed order, sequence,
quantity cu' tirni/:mbodiments of the invention can also be :practiced while varying the ordex :scittor
timin of steps shown in Figure%No, not all the steps illustrated are necessary to perlbnn the methods
of the present invention. Referri.igure 6, the process 600 commenLes in step 6t 0 controller which has
been monitoring the progress of lot A processing in eqinpment 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 and is ready to be removed from the equipment A. ii the ready tcr unload state, the items of
lot A would typically he loaded into a caner and placed a,a loanent Acc batper rd to be miloaded. auto
controller tflOIIiTOTS the p r;rcss of lot 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 



iands areS issued and data received via SiVittw. Other fbrms 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
concurrently: i.Step 602 - initiate a "WbereNexCanalysis to detennine a next destination tbr lot A; and
Step 603a Next' nal.identify a second subsequent process on equipm.eut    differentn the presently
described embodiment assuming that the items in a lm are 



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 Ililot A to a
ready to unload state when the last ivafer of lot A completes processmg in a chamber     Si View
pnblislats "Process End" event thr hat & The process end for other wafIrs in lot A may also he sed as
an indication of anticipated conversioo unload state Alternatively, lithe waters in lot A are processed
using diicrcm recipes,the auto controller mal he triggered when the last tvrecipecompleted processing.
but 't recipe B has notruces.s In step 602, the auto controller initiates a WhereNext analysis o
determine an desti anon for lot A before lot A reaches the ready to untottembodiment, the auto
troller requests a list of available destinations for tot A from the RTE. and detectnext
destination.non:ages tiii a produMion facility.i.'ovdrng info limit 25kn priontyand dispatchng tot
sequence The available destination can be a stocker or  popment destination takes priority over
stocker destination. /sisful factors ,sed in  the auto controller can be custornneu toten the time lake]  itt
status dimem, Ma Next an VI -Next 



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 'teamIt It A load
port to soecr. Si View-o instructs the Automated Material Handling System (AMIIS). whic41 inartages
the teasystem of the production 10facility to slid a pickup carder support 10 pck up lot A front
equipment A. The ovation of the "Move lot Ale stocker" request in issItesx tuas uc.ui ixnmtk.latel)
cialiot deliberatv dellberate delay may be inserted for eaxnp1e, if the trigger 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 to the ready to unload state kvbere on. Unload Request can be issued by for oxenof
(slurp/nen: A.       In step 604, upon Leer..ing the unload requestWill be picked tqt tront eqtiiplitent A
and p<,ced M the pickup carrier transport -where it is tr Sferred to the stocker identified in tep 602.
After this, the process 600 ends in step 624. In one embodiment, the cattier transports may have a
trander robot attached to it, the minder robot adapted to transfer lots between a s.) pioce'\m c wpnient
and the Lamer trdnsNet Alternatively, each processing 4Jiflitt IL may also have a carrier handler for
transfening lots between a uprocessing equipment and the came transport. Other forms of toansfer
inecharustn are also suitable r taassferri carrier transport and equi       As mentioned earlier, the
detection of an anticipated ready to unload state in. step 601 >riggers the auto controller tocurreinitiate
a command to identify a second subsequent              Next" lot can process in order ofpi airily, The
delegation of lot prio RID rule settings such as tot type, completion date and  



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 "o24.
inhere, is WW, goes to step 607,       At step 507,the LO Tot in the lot list for equipment A is selected,
The top lot in his case has the. highest priority to the lot fist. At step 608, the auto controller condnf
ortnatwn ve caon and validation 10 process forthe lot selectee m step 07. In one cmhomen lot
infonnatioi verification, validation n- s.comprises checking for conflicts between the lot infbnnation
providedby the RID from th.eWhat Next analysis in step 505 and lot information contained in SiView.
Lot intbrmatfron being verified and validated may nelude number of items in a iocrecipe to be used by
equipment A for processingocanon ol ItCillS m a lot within a carrier cont 15it, lithe lot. infonnaUon
verification and validation process is successfid, the recess 600 proceeds to step 609. IT the lot
intbrmation verification, and validation process is not successlitI,auto controller returns to step 606 to
check if there is any more Work in Progress (WI?) available for equipmentefing the next top lot or the
lot with the nextpriority in the lot list op obtained in step 6115 for lot information verification and
validation.. Steps 606 to 608 are repeated until :Al the av<r'lahle WW for equips atbeen que. ed. In the
event th;iirMts in the lot equpnient A cancessfail, verified and validated, the process 600 ends in step
624. Once, the lot has been successfully verified armidateth the auto controller cheeks to see if
equipment A is ready to 'e subsequent lot fur processing in step 509. For example, whether the carrier
conn ring lot A has been removed frmn the load port of equipment A. 10 the pres t embo.diment, if
eq-pmei d to receive a suhse' lot, the load port s s of  equipment A will be "lioadReq". If equipment A is
ready to resubsequent lot that is, the load port status is "Loaditecl" then ge to step 610, else go to step
6 



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
etermmes if the tot restrvation M step ol 0 is soccessila. if the lot ese vinion is suceessfillcone else has
not reserved the lot or put on hold so thethe" proi iS temporarily suspended), the pniccss procetNis 10
step 61llit, If the tot ieservation is not successful, the process returns to step 606 to cheek if thereis
any mote WI? 10availableequipms tIf ibere is no W1P, then the proetsu 600 ends in634. if t]:tete 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 turacirfter transport
to retrieve the lot to he 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 we lot B to tirjuipMentiA, When lot B is delivered to equipment A by the carrier transport,
it is loaded onto equipment \ fb processing and the process 600 ends in step 624. If the auto controller
determines at step 609 that eqthpmentiteelve tf      next lostatus not equal to Li dReq, the auto
Controller i.2StStrausportatton request for a 20delivery cattier transport to retrieve the lot that has
been successfully verified and validated in step 608 and move it to equipment V h.tthis example, the
tcontrollei causes a move, request flx8inglee torKfekteq oi 1 xsXultiCarrierKaReq) to o invoked ii SiVin
at stop 611 to instruct theAMBS to itssed to equipment A.       At step 614, the auto controller waits thr
equipment A to be ready to receive a subseq lotFor example, tile carrier containing lot A ha been
removed from the load      of et pment A In the. present e hodiment, if equipment A is any to recei
subsequent lot, the load part status of equipment A will be cithoadReq". At step 615, when the
loadporeciurpnient A <titanWI:erg", the a :(1 controller checks the. current location of the lot to be
processed, has it been picked up by the startrem s (nigh 1 locadotiie.g..stoeker1dt-delivery to
equipment 



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 originally beatkc"               IF FOUP slaws is "Si", this means that the lot to he processed is
stil.l at the stocker and hasbeen picked up by the deliver;carrier trathis happens, irocess 600 goes to
step 616;               W FOUR status is "SO", this means rhit the 'li hi or o UI itt ftans4'ort.11as 1rtds
picked up the lot to be - ocessed from the stocker. When this happens, the process 600 gees step
619. It is to be appreciated that the present invention is not only practicable when the lot to be. ssed is
originally located atay also be originally located at an oq Where the status of the FOUP would then'
and "Fkr meaning that the lot is at the 20 equipment or ahead y picked up from the equpmenL
respectively.        At step 616, the auto controller -initiates a "Start Lot Reservation" process to reserve
the let to be processed. In one embodiment:, he auto controHer reserves a lot by invoking control job
creation requestotReserva ooReqj to SiView. If the auto controller determine at 1-7 that the Start Lot
Reservation is successful, then the process 600 completes at step           e Start Lot Reservation is not
successful hen at step 618 cancels the transport request to move the lot from the stocker to equipment
Aprocess flow tflen returns back to step 606  to determine if there Is any mote WIP .avadabte for
equipment A in this example, the auto controller issues a Delete. Move Job command to Si View
(Txt.oteasst.triohDeleteReq) instructing SiView to (egotist to theINS for movement of the loSE. 



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 the MU? state to change to one that allows for lot reservatto plc, the auto eontrotkr issues a
Trans State Change Request to change the si  to MI" instands for manual in. The reason to according
to SEMI carter transport At step 620 the auto controller iniuct                       n onetathoditti nt, the auto
controller reserves a lot by invoking control job creation request (1I.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 Kil0 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 "SO" in this example. 624, the exemplary process 600 for preemptive dispatch
1..  



22 
 

What is claimed is: 

CLAIMS 

 

1. An automated method for movement of material in a production facility 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; 

 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. 

 

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. 

 

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 coriver0 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 dispatching methods. 'The data collected is .swnmwizcd. in termsof weeks. In duration A
between weeks 6 to 9, the dispatch method of Figure $ without prc.emptive dispatch is implemented
using event triggering. in duration B between weeks 10 to l6 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 executing  steps 520 -526 in parallel with steps 5440-548 like in Figure 5a., steps
540-548 are Ofily executed alter stop 526 has been completed. ha duratton C between weeks 1 7 toffk
thewove event based on dispatch method shown in Figure Sa is implemented where steps .i.tsteps
540-548 are executed 15As shown in Figure 7, there is a reduction in carriertime for durations B and C
whem-itive dispatch is implemented compared to aration A where there is no emptiv, dispatch.
Additionally, the parallel execution of steps 520 -526 and steps 540-548 in duration C also brings
about_intim in carrier exchange time of more than 40% as compared to sequential execution of steps
a526 and steps 540-548 in duration B. Therefore, pre- eruptive dispatch can advantageously reduce
the carrier exchange time or machine: idle time in irearred embodimx.nt of the invenhon is illustrative
of the invention 
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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 be processed on the 

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

 

8. The method of claim 7, further comprising issuing a delivery transport request to dispatch 

a delivery transport for retrieving the second lot from an original location and transporting the 

second lot to the first equipment, wherein the delivery transport request issued before the first lot 

is converted to the ready to unload state. 

 

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. An automated method for movement of material in a production facility comprising: 

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 iu1usirave.,nad non iinuitmg se4fe.  What is claimed is:
CLAIMS  1. An automated method for movement of material in a production facility 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,       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.  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. 
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 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 

 performing the following actions before the first lot is converted to the ready to unload 

state: 

  issuing a next destination command to determine a next processing tool for the 

first lot, 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; 

 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 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 

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 be processed on the first equipment before the first lot is converted to the ready to
unload state.  8. The method of claim 7, further comprising issuing a delivery transport request to
dispatch a delivery transport for retrieving the second lot from an original location and transporting the
second lot to the first equipment, wherein the delivery transport request issued before the first lot is
converted to the ready to unload state.  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.An automated method for movement of material in a production facility 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 performing the following actions before the
first lot is converted to the ready to unload state:             issuing a next destination command to
determine a next processing tool for the first lot, 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 
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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 tool before the first lot 

is converted to the ready to unload state. 

 

18. The method in claim 17 wherein the first article comprises a first lot of semiconductor 

wafers on which integrated circuits are formed. 

 

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

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 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
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 tool before the first lot is converted to the ready to unload state.  18. The method in claim
17 wherein the first article comprises a first lot of semiconductor wafers on which integrated circuits
are formed. 
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22. The method in claim 17 wherein determining a next processing tool for the first article 

comprises checking at least one of a next equipment availability and priority of the first article 

with respect to the next equipment. 

 

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 issued before the first article 

is converted to the ready to unload state. 

 

25. The method in claim 24 comprising selecting the second article to be processed on the 

first tool before 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 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.

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   22.
The method in claim 17 wherein determining a next processing tool for the first article comprises
checking at least one of a next equipment availability and priority of the first article with respect to the
next equipment.  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 issued before the first article
is converted to the ready to unload state.  25. The method in claim 24 comprising selecting the second
article to be processed on the first tool before 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 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. 
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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. 

 

  

 

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. 




