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MANUFACTURING SYSTEMS AND METHODS FIELD OF THE
WORVEN2OIBN The present invention relates generally to manuR{ct(H§i§07/000101

automation systems and methods. BACKGROUND OF THE INVENTION

Manufacturing automation has become increasingly important as the need

to remain high throughput increases. In manufacturing of a product, many

processes may be needed. Fo , cﬁﬁguﬁ% wgfo_fg ing
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semiconductor manutacturing plant typically comprises a plurality of bays
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Fig. 1 shows the material flow of a conventional manufacturing facility

than 100241RG SR BYIOMAERLHANSDHE Fisieinrtstan ohida ataphiaetlnhtpentrance in
exepuﬂ_on system (MES) polls the tools sequentially within a bay. The

which {ReENEdSREBIavEDES & waidhdognide Epanmhassifacitiphg automation is
watchdogs, which each monitoring a respective group of tools. For

materid¥anmpies €76 Tavatardagtuilimanitngaacertaited drbsppdisistisissueleagloyed.
10. The watchdog will go and check the status of the 10 tools to see
WhethariartoautemairasanspitTistcuaraierugedvarjos exaoKlp. aveaicendistor
has a status which indicates that it requires the services of the automated

manufitarapoplaysigicaitycamipesithar voabin 66 S8 n dipeh W(myl&d@é ?bR;RrﬁBt& of tools
processed lot (B). In the case where another

which are used to process wafers. Transport vehicles, such as overhead transport (OHT) are

provided for automatic transfer of wafers contained in a carrier. A stocker which temporatily
stores carriers is provided for each bay. A transport system controller controls the movement of
carriers within a bay or between bays.

Fig. 1 shows the material flow of a conventional manufacturing facility having an
automated transport system. At step 105, a manufacturing execution system (MES) polls the tools
sequentially within a bay. The polling is achieved with a “watchdog”. The MES can have
multiple watchdogs, which each monitoring a respective group of tools. For example, each
watchdog will monitor a certain number of tools, such as 10. The watchdog will go and check the
status of the 10 tools to see whether a tool requires an OHT for carrier delivery or pickup. When a
tool has a status which indicates that it requires the services of the automated transport system, it

can be either to process another lot (A) or to pick up a processed Jot (B). In the case where another
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WO 2007/120115PCT/SC2007/000101 lot is to be processed, the MES
instructs the automated transport system to dispatch a vehicle to the

W 8RkdReblPetrieve a lot at step 115. The vehicle delivers the RETEEWI31000101
to the tool for processing at step 125. A situation may occur where the lot
to be processed is located in a stocker of another bay. For such situation,
the controller dispatches a vehicle in the main bay to retrieve the lot at

tep 155 and deli s it to th iate b t step, 165, .'eo
otis o e P RB BRSO RL PR AR A 5 1 B e
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step 135 delivers.it to the stocker at GoLdingitOrocated in a stocker
proceSSE@r%}émPo%-a&B tu%%é’él‘ ﬁlaaﬁs?ﬁgtr? s&%%r%?%ﬁéiﬁne stocl%er?ga s
necessary 1o serve as anyin [B8NYspatcHAle VRIGAL GYGIR HiRE: (aPto retrieve
of amﬂ{%?éa 'e%rgasf%mS]t g%ﬁ)r%gggsce {%}r%% eti(I)Sr%3 %1(‘: a first lot to the arrival of a
econgllot far ino)0heORVERIORR ALRMAESN SHstan: b akattl
the IOtat %Wl%%%%‘flegs{&l%tﬁiﬁdesirat??esto\b?r%rea%é ma?h@ufacturing productivity of
opfi 190 SYIQTLEY Y QVIRACYSIEtHE st BN ATR¥nQ@prbbtssed lot is to be
app 1OPII‘I#{E/ T}%I@% ‘Igrl%)e p‘):resent invention relates generally to manufacturing
picked %W‘ﬁ{@ ation.mathegdsand sysiaams:d hensonspREtohitle tewRnEothesprocessed lot
ethod for manufacturing automation is disclosed. The method includes

from thiSRIYTE @té?ﬁlfﬁ%mﬁ%w@ filsktoaldeatranpiesa prasedsingoateriatiafal
which the first tool has completed processing. A destination of the
automaRiPERASHIG Byalerial 45 eesesmispdkdtie praseasing serteriaiditeenediary.
transferred to a second tool for processing if the second tool is available. If
the 39RANRNS iTmolcayailatipethd provdbsipyorstesiabistinertafisfdatl the
to a storage location.  In another aspect, the invention relates to a
arrival bTetbamidr s dnufsstemiing pofoonatiotiopheutrathidencyripnde siedenibea 11
transfer request by a first tool to transfer a processing material of which .
minutethi firgesiableas tmmeptetedpriceskiagrodusiihasbrtrmagt gy sxeeg by improving
material is WO 2007/120115PCT/SC2007/000101 determined by
cycle tislentifying available tool destinations and determining priority of the
processing material for the available tool destinations. The processing
material is then transFAMYARYsOFREIL INBENTE2SSing by the second
tool if the second tool is available, If the se‘é%ond tool is unayvailabl

S5 AR 501G AT BB S SO GO Mool nd sysems.

In one aspect of the invention, a method for manufacturing automation is disclosed. The method

includes issuing a transfer request by a first tool to transfer a processing material of which the first
tool has completed processing. A destination of the processing material is determined. The
processing material is then transferred to a second tool for processing if the second tool is
available. If the second tool is not available, the processing material is then transferred to a
storage location.

In another aspect, the invention relates to a method for manufacturing automation. The
method comprises issuing a transfer request by a first tool to transfer a processing material of

which the first tool has completed processing. A destination of the processing material is
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A manufacturing automation system is provided in another aspect of the
invention. The system comprises a plurality of bays having a plurality of
WP gid0p vith temporary storage locations associated with tRETEF3005/000101
transport system for transferring processing material and an automation
controller for controlling the transfer of the processing material. The
processing material is transferred by the automation controller when
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S present invention herein disclosed, will become apparent

tool fort h?%’é‘e%%é%{_ﬁéﬁ S (s?etc%ﬁﬁqof&"ﬁ -Qgegg(ljc‘f '&%iqg‘ a@gﬂam@. agGATRAININGo] is

awin ermore, It I1s to be understood that the features of the

unavail\égfciaoﬂlsee%ggs%iﬁ%eﬁ%scegﬁﬁg 'ﬁx@g &%@ﬂé}é@t@@s{&% begxsdusive and can
exist in various combinations and permutations. BRIEF DESCRIPTION

%Fm-g};atﬁ)a}?’tg}@g INGRation' E&M%Ymdih?diﬁfﬁ&%ﬁ&haﬂﬁéqmenﬁon The

gene o the same parts throughout the different views. Also, the

system%rcﬁ'}ﬂ\ﬂﬂgés AENALRECESSATINR SR AMPhERIS Bsaad genanpbyabeingage

placed upon illustrating the principles of the invention. Various

locatiofMRAMMEntsiaf therasesentinepbian ssm desttibde titpetersigenatéipl and an
following drawings, in which: Fig. 1 shows the material flow of a

automBRNVEHIRNRL RaBsHaclliipgfaaiityfwitT fie ardersatechtagmipoiisysternssing
Fig. 2 shows a layout of an AMEIS in accordance with one embodiment of
materidNR RuMeRien] BWVB200HEA0A LERETIS GABA 7408181 big fBst heaktparsecond tool
exemplary processing tool disposed in a bay; '
if the second tool is available or to one of the temporary storage locations if the second tool is not
available.

These and other objects, along with advantages and features of the present invention herein
disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, like reference characters generally refer to the same parts throughout the
different views. Also, the drawings are not necessarily to scale, emphasis instead generally being
placed upon illustrating the principles of the invention. Various embodiments of the present
invention are described with reference to the following drawings, in which:

Fig. 1 shows the material flow of a conventional manufacturing facility with an automated

transport system;

Fig. 2 shows a layout of an AMHS in accordance with one embodiment of the invention;
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Fig. 4 shows an automation system for controlling the operation of a

manufacturing plant in accordance with one embodiment of the invention;
WEHETAHEIEhow various material flow options of an AMES in BEd6YEaHé00101

with one embodiment of the invention;  Fig. 6 shows a process flow of

an automation system which determines the transfer options of an AMTIS

in accordance with one embodiment of the invention; Fig. 7 shows a

process flow of an automation system in acc rdange with one

Eigpbeheish o FRBmvisressng Bgl Sgﬁgﬁ’:\g}sﬁéﬁ dtitomation system in

accordance with one embodiment of the inveption. DETAILED . lant
BrectRIT ROPHIE RERFIGRIOL N B gL fayifacuuring plen
) automated materizl iﬁanﬁliinﬁ 1‘stig/stem AMFIS) 202 in accordance with one
in accordaisE MR APS PR HUSHESh T AR,

. The is employed in, for example, a
emicondyctor manufacturingplant. A}\éh@m%g Pe-dsed ithene
%ﬁﬁl}:’lﬁ'&éﬁ%‘ﬁ %%rlootﬁserrng%&%%ﬁgpt&}é%rﬁp e, LCD pane(I:s. The factory
layout may.comprise a plurality of bays 220. The bays, in one
embOdlénr%%ooc#F}ﬁé/rl\ Yg}{e%qgtated on opposite sides of a main bay or central isle

40..100ls 25 ANS Ao M NREDRN D dansRas INSieMsfer options
sﬁ%h%%oaﬁs?& 8‘%%5‘%?&%3&1 for the maigr?bay and bays. The AMEIS, in

of an ANRRTPQLIDERL S ExABRIGHSEMPBRISSIS IR RMEHGad transport (OHT)

system. The overhead transport system includes tracks 222 and 242 in

wefch stﬁ%(lﬁpﬁﬂd’&@&cﬂﬁﬁvt@\é%' a@therbpesebimnaportisysierith ane aissodiment

useful. Typically, a loop contains multiple vehicles and travel in one

of the iAliF&gHAN-oher configurations, bi-directional travel within a loop, can also
be useful. Transport vehicles in tracks 222 facilitate transfer of wafers
qOBIBIgRSIE A aarsiantioneeksewithincadsdyn fintritthany) entliiedirasrgiedithe invention.
vehicles in track 242 facilitate transfer of carriers between bays
(inter-bay). VBRAIYPEHIESERERTION ORI INVENTION
2007/120115PCT/SC2007/000101 opening unified pods (FOUPs) can be
Used Qibws tylagsubtarnriersniatiddintyishhadting extiemicAMAIS) ARSI
(SMIF) pods, are also useful. Generally, the wafers are grouped into lots.
accordAncarid,dor @xbodiiet af thermaimtionr ey AMEIdF preRleeihiy, Rosesarpe. 2
260 for temporary storage of carriers is provided. In one embodiment, a

semiccstboier isaasfstiateg phith. cBeh AN Shrear alspaayisadsitn i maapifsiuring of other

located between two adjacent bays for sharing therebetwee 'AnAIﬁES 220. Th
product fotieaniplesbE R parshtrolisare P BVaHIEME 6‘?%@%?13}35?&%0 8Ys 2c0. e

system. . .
bays, in)i)ne embodiment, are located on opposite sides of a main bay or central isle 240. Tools

250 are arranged in a loop within a bay. A transport system, such as an AMHS is provided for the
main bay and bays. The AMHS, in the embodiment, for example, comprises an overhead
transport (OHT) system. The overhead transport system includes tracks 222 and 242 in which
transport vehicles travel. Other types of transport systems are also useful. Typically, a loop
contains multiple vehicles and travel in one direction. Other configurations, bi-directional travel
within a loop, can also be useful. Transport vehicles in tracks 222 facilitate transfer of wafers
contained in a carrier to tools within a bay (intra-bay) while transport vehicles in track 242

facilitate transfer of carriers between bays (inter-bay). Various types of carriers, such as front
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Fig. 3 illustrates an exemplary tool 350 disposed in a bay. The tool can be
any type of tool. The tool, for example, can be any type of tool used in
W@ aMlicBdifctor processing, such as a chemical vapor deposit§iT(¥520¥y/000101
tool, an etcher, or an implanter. Other types of tools are also useful. The
tool can include a plurality of load ports 35 la-d. By providing multiple load
ports, a tool can process multiple lots at the same time, thereby increasing
. throughput. T ith other nu fncluding,:
opening R B B S R D e e

mechaf} cgf%t; %{}Ea%]; %ﬁﬁgﬁg%gﬁ rﬁ@a@@%é@u@%@fﬁ ﬂ{g%f&@sec{%%‘gw{r% lots. A

e invention. wn in Fig. 4, the system comprises a manufacturing

carrier,ef%?ce% @é&%@o%ﬁ 87 Dol BB ReRIALS. aNd Ak 8y a6 PR Bary

operations in the manufacturing plant. For example, the MRS tracks the

storagé%?ﬂe?g SPLigtdestatvs Rl R8IsiAt e savatians anddpisdatith Qitiebay.

types of functions associated with the manufacturing plant can also be
AlternbiaRis b te MR De Tha bl deierncasg it Bave ferdtimanagerdeieen. An
471 and machine supervisory program (MSP) 490. The EM interfaces with
AMHAIGRdIBe sigRateheoiRIRN R mbe:mbhtdniihe ranbpsinantpsriemms
destination and priority analysis of materials which have been processed
byia Pnlusperdhe exenlefitheotasliskiogdn arbend Tee tedtcathes RType of tool.
provides dispatching of carrier or lot sequences while the MSP provides
The toeQrfuneingliareavilie aqyitypeof anbubel 1 FnddES dtolayrodsonrgasion 5 a
the AMES for transporting carriers. In accordance with one embodiment of
chemithbvispeantépnsitiven AGMNIS toohyprisiebei\i@an implanter. Other types of tools are also
2007/120115PCT/SC2007/000101 an event based AMHS. When a tool
usefulhghéitisheah probwssimiuzalisy oiflpatbpoist 0ot thaBheeryidinganulirigdoad ports, a
MSP informs the MRS that the tool requires the services of the AMES. |
tool camigroGasahiopleJatiotishn sardimeihspHaGrarnaibe e iR c dsrela nvith other
with one embodiment of the invention. Referring to Fig. 5a, a first material
numbgfov lopdieatis GReHNED e alsasi tonjunction with Fig. 3, a tool 350 of

the manufacturing plant can have a plurality of load ports 351a-d. In Or‘]f? i
o BGHAEH, EhE SRR AL 0k R R P A Sy e urine

o L3152 Sl oEy Lo e 5 500 0 e
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I8rd . f et iSnanager
manu a%ﬁﬁ?ﬁg@b%fc%{%o% 9 Btetaﬁlé%f:g}pﬁl@ RAES! PR IRAk YRR the SREeNE BRhianag

not av ers are also’used for inter-bay transfers. Alternatively,

EM) iprerah &H&%&%%Qfgﬁ%@%ﬁ?% Qg the SN iR ARIS Wit real time
example, the carrier can bé transferred from one transport vehicle to
dispat@ﬂélikl@"[“-[%ﬂ@ﬂip\’fﬁml\tﬁ enaplich b diresitiranrianbasaetitacisd pEdEQranalysis of
bays, cycle time can be shortened. Fig. 6 shows a process in which
materiR8 RUISMAkeH SRR A BYIResIh) Sinthsierapio s abshessiMb Sionload
accordance with one embodiment of the invention. At step 617, the MSP
requelRfOHBR IS YR GItb Al spinpinpsfitaisiee diionsepstngea Vdtild tis Mghprovides
initiates the NIBS in conjunction with, for example, the EM to perform
commiiieate et audbivitadN & SariBedidEs sleps Bdantiod3d the AMHS for
respectively. In one embodiment, "Where Next" indicates the next
transpdestipatioiesf theaprockesedvith fromatirodootnt\whihe exttionicaecsMikicepmprises
lot is to be processed at the next destir}ation. Once the next destination
equipment is identified, the MES determines whether the WO
2007/120115PCT/SC2007/000101 equipment is available. If the
equipment is not available, the MES instructs the AMHS to deliver the
carrier to the stocker at step 657. On the other hand, if the equipment is
available, the MSS determines whether the lot has priority to be

processed at the destination equipment. Priority rules can be designed in
accordance with neade of a enecific manitifactiirina facility Eor evambple



if there is no priority.  Fig. 7 shows a process flow 701 of the automation
system hi accordance with one embodiment of the invention. When a tool
WQay/m8bln) has finished processing a batch of material, it iFESG07/000101
unload request at step 703. For example, the unload request is issued
when processing of a lot of wafers by the tool is finished. To transfer the
wafers, they are loaded in a carrier such as a FOUP. Typically, a lot of
wafers is assigned to a specific FOUP for the dukatio f@? lot has been
an evenmamﬁé%ﬁﬁg %%%‘.’Gﬁ]?&slf%%%gﬁoggsﬁfgﬁ'nar%ér%flﬁ%n or?é ot? o
Tracking of the FOUP. e achieved by, fop example, hay codasgr
unloadef, a5 Wéfu R M 1?(5??1#%%%56 g{rf??aﬂ%ging FOUPs are also
usefu, The unload request gan be SRIRA PY, iRk mampls: dhehbe Rt Bie
Fé%ﬁ:tga' 8erea51é)|1\1/"|sn%at gau%‘]?)%cf equest, tlilwe MES checks to see if a
ransportation joh hag heen agsignes.io, ISiGARISAIRACesIhEINIOAs
embOdlg\?gﬁé)ﬁ%%ﬂ?g%ﬁggb?t\ %tgsteg 7082” g’transportation job has been
wassigned, no action is feguired) TPttt haaitedniibelAbs rawenglanlity of
deScnbEélvlar}%(l)oll1 u{}g%lc e to todl A to pick up the carrier at 709. On the other hand,
load poltd s TARSAA AL IR RN DeR A SIS Sie1ca, othareniext @ndlysinsining a lot
performed at step 713. In one embodiment, the "Where Next" analysis is
of watdPrfarmed hydhaikMiy) & oRe b asimnest, (e B sy guesitharlist swfond port (e.g.,
avallable destinations for the carrier. The available destination can be a
351b) a%t@&é%feafb% tgekABwrsembadime dhtivioas desidration Rk priority thedMHS
stocker destination. Factors used in determining available tool .
transpoR@SHRANANS ReHiddiior@xa5(Hejrvdjabtesteolslitopasdrmi thaptsrangdyy. Direct
process on WO 2007/120115PCT/SC2007/000101 the material, status of
transfeidE deatsicasonabtas tont oapmiliies. tOtherddsthenesstie aserasfgeker as an
availability or any tool dedication, can also be incorporated into the )
intermetaly sk fonexanibie the wotkaitbechinerasian interagdiratis digesfen it carrier
available. As an illustration, the next process for the lot of wafers in the,
from a CastiRrols3aneateh Foredeo T the Brretifrkacrhahid S886, aha ARy for
Tool B1, Tool B2, Tool B3, Tool B4 and Tool B5 which can be used. Qut ¢
transfeob fhesertoofm T ediBptaHimewndrav:abe ehvR Fissigegadmsrt s no
available. As a result, the list would indicate that Togls B2-B5 e sfers can be
availablea Sidrikedesurrisoneed forinisiabry Tnglerse M RN RIS HERP I dHEE
_ whether a stocker or a tool is the next destination. For%h%c&%r\r/ggﬁelﬁho%e
facilitatrskpitaethror s hstoskes:, FRe BRIRISHE PE I FHFahdhortation
request to the AMHS for delivery to the stocker. In the case wher gfg it
transpoiXeielivARSIE o RSN PYSEPE 23 AR IS TR BRG] Fo0l ports or

available. For example, the EM checks the status of the tool to ensure that
bays, ‘iY"clﬁﬁ“&’&“é’Bttlﬁélﬁ%tlt@ﬁqtained in the carrier for processing. If the tool is

not available, the process retuyns to step 7 imine. availabiliteofpti £
SR OBF SWEﬁ%TFs%no‘fﬁél\%ﬁgﬁlaeu?%jla 82%%%%&%;%&9.1, T%%?é%). Stepg o 0\
/R and 728 are repeated uptl | Taglgeipnnda\@iipble anatlige informs
the Aﬁs%afﬁgrﬁgfl oF gﬁﬁ|%1%ﬁ§%§8|d§§§@n‘g}{?§ﬁs have been qug}?ed. In the
tthat ng tool ISLisiavailaplepifie MESHssHas: aRSRATaORCtion
the M]?gc?g%%% ?got%?éa mégﬁljgz%\%rg to the stocker at step 723. Once a to&
ith, £100 1he it ineshio-RerRvairble {RawineN34; thalfdt perigree27 and
with, tg)n,%ﬁrg% ’etgl(lfE gﬁgel[y IS at step 733. In one embodiment, the "What Next"
637 re%@%@&f.om BHSSsAhIHNAG -anatlishEomitiecRdOHondedbEihation of the
estination tool). The lot list contains a list of lots which Tool B4 can
proceFAAEERMARALSf Privnty Nistdisdissedwitien titlisticda plepessddoat Rabeext
settings, for example, lot type and completion date. The lot having the
destinRigRe HREONY ds:saleciedioh stpipdRtt AtdterifRd3iiaMEMdstaforings lbether the
verification and validation process using, for example, MES. In one

embodiment, the lot verification and validation process comprises WO
2007/120115PCT/SC2007/000101



matching the lot information from Tool A with lot information of the

selected lot from the "What Next" analysis.  If the verification and
W‘?/éﬂ@iﬁtmllérocess fai!s, the EM returns to step 738 to select tETGGAT/000101

the next highest priority for verification and validation at step 743. In the

case where a carrier can contain multiple lots, it determines whether the

MES can reserve multiple lots contained within the same carrier for

_ processing. This, for example, occurs he,l ' .
T
verification and validation. If all lots fajl in th ificati idati
e e ST B LR s g YRR R e s
_successfully verified and validated .
sy S50 TR TR B sl Tt

hether.the lo ort or destinati i +J
can be ERIIRE 15 B e O e ey e

priority\?c\:l%eéb%rgg 9"%%%5@8(15)'}{' 18{1%5&&%&5%4%%14@&% QiFRRaIvA IR IECTOI B AMHS

n bo e port and carrier are ready. On the other hand, if either the

deliverslt%{gedé%%igro 0%%%%&1@198&@%@% 19 EM KIS 9, SeB%38 Aiestepkens, step 657

will s e lot reservation to the MES, the MRS determines

ifthere\{gql%tgﬁ%m?. lot reservation was successful or not. If the lot reservation
was unsuccessful, the MES will return an error message to the EM. When

ﬁlg. EM,ereives dbis sstermesaageuibmilicatsysiim Stepdssasuibenstul
ol reservation causes the EM to issue a transportation request to the

embodiMER oS RSiR:Hition eRuIRSt heoA W b STuobitkiup finshedrigndeshing edfelicH
delivery to Tool B4 at step
material, it issues an unload request at step 703. For example, the unload request is issued when
processing of a lot of wafers by the tool is finished. To transfer the wafers, they are loaded in a
carrier such as a FOUP. Typically, a lot of wafers is assigned to a specific FOUP for the duration
of the manufacturing process. The FOUP can contain more than one lot. Tracking of the FOUP
can be achieved by, for example, bar codes or radio frequency tags. Other techniques for tracking
FOUPs are also useful. The unload request can be issued by, for example the MSP of the tool.
Upon receiving the unload request, the MES checks to see if a transportation job has been
assigned to the carrier associated with the lot available for transport at step 708. If a transportation
job has been assigned, no action is required. The carrier waits for the AMHS to send an available
vehicle to tool A to pick up the carrier at 709. On the other hand, if no transportation job has been
requested, a “Where Next” analysis is performed at step 713. In one embodiment, the “Where
Next” analysis is performed by the EM. In one embodiment, the EM requests a list of available
destinations for the carrier. The available destination can be a stocker or a tool. In one

embodiment, a tool destination takes priority over stocker destination. Factors used in determining

available tool destinations include, for example, available tools for performing the next process on
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763. If the transportation job request was not formed successfully, the lot

reservation is cancelled at step 773. If the transportation request was
WQ20eeE¥ALIfy formed, the MES at step 771 checks to see if th@€ae}007/000101

reserved is the correct carrier associated with the lot of wafers to be

unloaded at WO 2007/120115PCT/SC2007/000101 Tool A. In the event

that the carrier is not the correct carrier, the MES returns to step 713. The

lot reservation is completed at step 788.if th ier.is.th '
e ot S FBPORNOR YL DB CAPRRNLA I 755 e EAT TR (o

__step 738 for the next lot for Tool B4. The EM.at step. 7
i R B R AT Gt T ot e e
rom Tool A_If the lot is, from tQol A, the IS iQn.
oot co B BEER TR R IR ol gt e PBroces o
the lot qazg%vgsﬁﬁ LRIoceeds 1o, c§ (%de%s Fdrithe SRONE BRAHIBER84I ARSHSIBR has

ance with one em Iment of the invention. In one embodiment,

Tool BIEAY %%%8{‘1359’ #‘gm BARII$ES BYES T B MERdS. agiMiemStaneR[dool B1

aterial Manager from IBM. Referring to Fig. 8, process cards 816 and

is o 20 SLORMESi16 589081 A ndicainsbie. casch BAUEAURBRAN0u s tha
unloaded from FTEO701 at 15:54:35. Card 826 shows that 20 seconds

Tools ﬁg(tjﬁ@ FOLR BE2999% wasseserved by FDDN701. This indicates that the
UP has not gone back to the stocker and was reserved by another tool.

A QUidEnCest mVnR eI MBFR RNk irbthefiverydimeoisadoblay b witkt
the present invention. In one embodiment, it has been found that at least
destinaliPnioreRYhdR Lelivesk tilkembasibapnathhiewathcker the FiMerntitap iy iseves a
embodied in other specific forms without departing from the spirit or
transpoRBBiSAtial R taeRIISNEISIferdefiTérg fotbgsingiem bothereasesviresedhsraext
are to be considered in all respects illustrative rather than limiting the
destinaiieERtion leTesba)heieFMSetpeinktis im/taolidnaiatlatieinbe seaapleribe EM
appended claims, rather than by the foregoing description, and all
checks chasnges tfaheaobotinmeibatitearingeapdbetejeotaingh Hdhe faresdor
claims are intended to be embraced therein.
processing. If the too] is not available, the process returns to step 718 to determine availability of

another tool on the list of available tool destinations (e.g., Tool B3). Steps 718 and 728 are
repeated until a tool has been found available or all the tools in the list of available tool
destinations have been queried. In the event that no tool on the list is available, the MES issues a
transportation request to the AMHS for delivery to the stocker at step 723.

Once a tool from the list is determined to be available (e.g., Tool B4), the EM performs a
“What Next” analysis at step 733. In one embodiment, the “What Next” analysis comprises
obtaining a lot list from the RTD for Tool B4 (destination tool). The lot list contains a list of lots
which Tool B4 can process in order of priority. As discussed, the lot list can depend on Rule
settings, for example, lot type and completion date. The lot having the highest priority is selected
at step 738. At step 743, the EM performs lot verification and validation process using, for

example, MES. In one embodiment, the lot verification and validation process comprises

8



What i_s _claimed is: CLAIMS 1. A method for manufacturing automation

comprising: iIssuing a transfer request by a first tool to transfer a
Wfb?@@@é@ﬁﬁ@ material which the first tool has completed proce §ig$G2007/000101

determlning a destination of the processing material comprising

performing a next destination analysis which includes compiling a list

of tools capable of processing the material in the next process step of the

__processing material, selecting an available to | lg,a%
B o e s B e T 0 U T
material with respect to the selected tool to determine if the processing

Next” : . X
ext” apglyfiSial has priority, and  if the processing material has priority, the
Isfe"c %C‘Egg 18%0%651%]1'%%&Q&oﬁ%&&%gtﬁ?st,'%tﬁﬂ& @furns to step 738 to select the lot

with the next highest priority for verification and validation at step 743. In the case where a
carrier can contain multiple lots, it determines whether the MES can reserve multiple lots
contained within the same carrier for processing. This, for example, occurs when the lots are
running on the same recipe. Steps 738 and 743 are performed until a lot has passed the
verification and validation. If all lots fail in the verification and validation process, the lots will be
sent back to stocker.

Once the lot has been successfully verified and validated, the EM checks on the status of
Tool B4 as well as the carrier at step 748. For example, the EM checks whether the load port or
destination port of Tool B4 is ready. The EM also checks to see if the carrier is free (e.g., not
reserved by another tool). In one embodiment, the EM at step 753 issues a lot reservation for Tool
B4 when both the port and carrier are ready. On the other hand, if either the load port or carrier is
not ready, the EM returns to step 738.

At step 758, the EM will submit the lot reservation to the MES, the MES determines
whether the lot reservation was successful or not. If the lot reservation was unsuccessful, the MES
will return an error message to the EM. When the EM receives this error message, it will return to
step 738. A successful lot reservation causes the EM to issue a transportation request to the MES,
causing it to request the AMHS to pick up the carrier from Tool A for delivery to Tool B4 at step
763. If the transportation job request was not formed successfully, the lot reservation is cancelled
at step 773. If the transportation request was successfully formed, the MES at step 771 checks to

see if the carrier reserved is the correct carrier associated with the lot of wafers to be unloaded at
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transferring the processing material to a processing port of the
successfully selected next tool destination or to a storage location if no
next destination tool is successfully selected 2. The method of claim 1
further comprises determining whether the trans orMEguest for,

e retur

Tool Arbindie Ry} B! SHE.CEEYR S ARHER AP e PR R oS Then b i ke T
reservag?}\l{gggé@agg gé?mf @éi%%ri% 18 ?J Qoe Trenc?tcha?ge?f claim 2

IoR 1T o transport request has been

o s Aol SRS a0y EBRRLAUAAIIARL35 for he

NSport reques een dssigned to the first tool. 4. A

next loﬁ%?é%fgﬁgoo aﬁt%%;%%; tsi%)erf) SYSIGIT), GRMREISIAGHE: RHARIBhAT RV ARARGefed at
step 773 is the lot unloaded from Tool A. If the lot is from tool A, the EM issues a transportation
job request to the AMHS to deliver the lot to the stocker at step 783. Otherwise, it proceeds to
step 738.

Fig. 8 shows an automation system in accordance with one embodiment of the invention.
In one embodiment, the automation system comprises a MES. The MES is a SiView Standard
Material Manager from IBM. Referring to Fig. 8, process cards 816 and 826 of the MES are
shown. As indicated in card 816, FOUP BE99999 was unloaded from FTEO701 at 15:54:35.

Card 826 shows that 20 seconds later, FOUP BE99999 was reserved by FDDN701. This indicates
that the FOUP has not gone back to the stocker and was reserved by another tool. As evidenced
by the cards, improvement in delivery time is achieved with the present invention. In one
embodiment, it has been found that at least up to 60% in delivery time has been achieved.

The invention may be embodied in other specific forms without departing from the spirit or
essential characteristics thereof. The foregoing embodiments, therefore, are to be considered in all
reépects illustrative rather than limiting the invention described herein. Scope of the invention is
thus indicated by the appended claims, rather than by the foregoing description, and all changes
that come within the meaning and range of equivalency of the claims are intended to be embraced

therein.

What is claimed is:

10



T VT ATVl WV PV VLODITTIY it iiiah it iy taAutJiiiiaunwat

controller transfers the processing material when requested by a first tool
to a second tool if the second tool is available to process the processing
material based on a next destination and priority analyses or to a storage
location, wherein next destination &idwgrity analyses comprise

selecting an available tool from a list of tools capable of processing the
mlateria%M@ﬁé@&lﬁ?@%@g@@éﬁww@ws&@gmmateria|, performing a
priority analysis of the processing material with respect to the selected tool
to deteritHiHBSAHRNHES RS GBI Eoh S SARER Ripesssingpfgrial which the
processing material has priority, the selected tool becomes the second
tdgRt &R Y)e SEMEILetRIBREFHMH performing the priority analysis until a
second tool is selected or until the list of tools is exhausted. comprise
SemiCoﬁeﬁ%plﬁ%@ﬁgg@}mw&grocessmg material comprising

performing a next destination analysis which includes

compiling a list of tools capable of processing the material in the
next process step of the processing material,

selecting an available tool from the list of tools as a next
destination tool,
performing a priority analysis of the processing material with respect to
the selected tool to determine if the processing material has priority, and

if the processing material has priority, the selected tool becomes
the next destination tool, or

if the processing material does not have priority, repeat the next
destination analysis and priority analysis until a next destination tool is
successfully selected or until the list of tools is exhausted; and

transferring the processing material to a processing port of the successfully
selected next tool destination or to a storage location if no next destination tool is

successfully selected

2. The method of claim 1 further comprises determining whether the transport
request for transferring the processing material has already been assigned to the first tool

after issuing the transfer request.

11
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available to be processed on the selected tool, wherein if there is no
processing material of higher priority available to be processed on the
selected tool, the processing material has priority, or if there is
processing material of higher priority available to be processed on the
selected tool, the processing material does not have priority. 7. The
method Orecrsited QiRHIR pRIPRSIATHG the priority analysis further
comprises:  performing a processing material availability analysis to
verify if fEEBEERSglsrHERRRD BPA i@ﬁ@?@?ibﬁw%@@aﬂ@bwt%%tar%%é@géaol
on the selected tool, wherein if there is no processing material of
hﬂjﬁél‘%‘t‘l&%ﬁif?f‘a‘%ﬂ?gfﬁl@%%‘é(Hrocessed on the selected tool, the
processing material has priority, or if there is processing material of
higher pYitity EyaTpsRoTd ke drssaed deflens s Eé@éé@é@%&?ﬂh@ first tool.
processing material does not have priority. 8. The method of claim 7
wherein processing material of higher priority is available to be processed
on the selected tool if the processing material of higher priority is

sf}ccess‘ﬁmgrpgggwg@_am@n system comprising:

a plurality of bays having a plurality of tool groups;
storage locations associated with the bays;
a transport system for transferring processing material; and
an automation controller for controlling the transfer of processing material,
wherein the automation controller transfers the processing material when requested by a
first tool to a second tool if the second tool is available to process the processing material
based on a next destination and priority analyses or to a storage location, wherein next
destination and priority analyses comprise
selecting an available tool from a list of tools capable of processing the
material in the next process step of the processing material,
performing a priority analysis of the processing material with respect to
the selected tool to determine if the processing material has priority, and
if the processing material has priority, the selected tool becomes
the second tool, or
repeating selecting and performing the priority analysis until a

second tool is selected or until the list of tools is exhausted.

12
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further comprising the step of determining whether a transportation job
has been assigned after issuing the transfer request by the first tool. 13.
The method of claim 1 comprising determining the destination of the
processitg MtERENTMsS taRapatisaobrlig dabsraiadrpbeef drdpol groups
issuing the transfer request by the first tool. 14. A program product for
nfOHER S TRGAdts RSP SEHER B UScomputer readable medium, the
computer readable medium comprising program code for performing the
following steps: issuing a transfer request by a first tool to transfer
a processing material which the first tool has completed processing;
déiermiﬁmla@%ﬁi%wmﬁ%owé@gsﬂﬁglméWéﬁ&%ﬁlﬁbﬁgﬁfﬁlw analysis
performing a next destination analysis which includes compiling a list
of tEBEE ISR of processing the material in the next process step of the

processing material, selecting an available tool from the list of tools as
a next d@&ﬂq@mﬁﬁﬁr@pessmg material availability analysis to verify if processing

material of higher priority is available to be processed on the selected tool, wherein

if there is no processing material of higher priority available to be processed on
the selected tool, the processing material has priority, or

if there is processing material of higher priority available to be processed on the

selected tool, the processing material does not have priority.

7. The method of claim 1 wherein performing the priority analysis further
comprises:

performing a processing material availability analysis to verify if processing
material of higher priority is available to be processed on the selected tool, wherein

if there is no processing material of higher priority available to be processed on
the selected tool, the processing material has priority, or

if there is processing material of higher priority available to be processed on the

selected tool, the processing material does not have priority.

8. The method of claim 7 wherein processing material of higher priority is available
to be processed on the selected tool if the processing material of higher priority is

successfully reserved.

13
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destination tool, or if the processing material does not have priority,
repeat the next destination analysis and priority analysis until a next
destination tool is successfully selected or until the list of tools is
exhausted; and transferring the processing material to a processing
port of the successfully selected next tool destination or to a storage
lotation iPhEnGieed efedtivindi Sheesan Besprosessirg matsaid qaraprisssigaiconductor
program product of claim 12, wherein during the priority analysis the
pMYEEm code further performs the step of: performing a processing
material availability analysis to verify if processing material of higher
priority is available to be processed on the selected tool, wherein if
there is no processing material of higher priority available to be processed
ohhe sEledetad sl ﬁ%@ﬂd@@%@%%ﬁ%ﬂ%@%ﬁaﬁw%ﬁ a stogkifere is
processing material of higher priority available to be processed on the
selected tool, the processing material does not have priority.

11.  The method of claim 1 wherein the transfer request comprises an unload request

by the first tool.

12. The method of claim 1 further comprising the step of determining whether a

transportation job has been assigned after issuing the transfer request by the first tool.

13. The method of claim 1 comprising determining the destination of the processing
material if no transportation job has been assigned after issuing the transfer request by the

first tool.

14. A program product for manufacturing automation stored on a computer readable
medium, the computer readable medium comprising program code for performing the
following steps:
issuing a transfer request by a first tool to transfer a processing material
which the first tool has completed processing;
determining a destination of the processing material comprising

performing a next destination analysis which includes

14



compiling a list of tools capable of processing the material in the
next process step of the processing material,
selecting an available tool from the list of tools as a next
destination tool,
performing a priority analysis of the processing material with respect to
the selected tool to determine if the processing material has priority, and
if the processing material has priority, the selected tool becomes
the next destination tool, or
if the processing material does not have priority, repeat the next
destination analysis and priority analysis until a next destination tool is
successfully selected or until the list of tools is exhausted; and
transferring the processing material to a processing port of the successfully
selected next tool destination or to a storage location if no next destination tool is

successfully selected.

15.  The program product of claim 12, wherein during the priority analysis the
program code further performs the step of:

performing a processing material availability analysis to verify if processing
material of higher priority is available to be processed on the selected tool, wherein

if there is no processing material of higher priority available to be processed on
the selected tool, the processing material has priority, or

if there is processing material of higher priority available to be processed on the

selected tool, the processing material does not have priority.
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