LOT HANDLING DURING MANUFACTURING BACKGROUND 100011Manufacturing of integrated
circuits Ors) tflUcally involves performing numerous processes on a wafer. For example, the

ptr:wesses can include polishing, deposition., photolithography, etching, cleaning, heat treatment a3
well :Is other prOCCSSCS. These c'1/4'1/4\ are geilerally performed on different processing tools. In

addithin, different products mayirequiia slifenent 38t RINKeCE3Ses PA (ECIPRNIL IS not uncommon tor a
wafer to pass through over 400 processing steps during matnitacturing, [00021The wafers are
processed in lots, A container: such as a 1/4.4, BsettE Gtoreshane or more lot(s) of waters. Conventional
cassettes store up to 25 wafers. A cassette is loaded into a carrier, such as standard mechanical

interface (FriNGft) br frovitoperimgngnifiedagodoT@UTY) (OCLranspdiy threlighquttherfagtatynne or

more prOdUChOTI lots are earned by a ca.:ier to undergo a Mint:cation task. When a production lot is
introduced intocimgsrodactiohringritismsialycassociate dawithchideattieshDgrivg pridioessing, wafers
can be dropped off due to, for example, eXCeptiOnS3 eneelMtered the line, The thopped-off waferEz
are snbsequentRliserarpay. coDOBL IpmovadhErtig oftlatsvid landrmifactring prDGO 83 dsseasirable
to increase production efficiency and throughput. SUMNIAR.V [0004]A system for determining a list of
potential |Ot§rﬁ,g@gﬁ§§g}imcbmgeqmocessmg tools. In addition, different products may

require different set of processes or recipes. It is not uncommon for a wafer to pass through
over 400 processing steps during manufacturing.
[0002] The wafers are processed in lots. A container such as a cassette stores one or more
lot(s) of wafers. Conventional cassettes store up to 25 wafers. A cassette is loaded into a carrier,
such as standard mechanical interface (SMIF) or front opening unified pod (FOUP) for transport
throughout the factory. One or more production lots are carried by a carrier to undergo a
fabrication task. When a production lot is introduced into the production line, it is usually
associated with a carrier. During processing, wafers can be dropped off due to, for example,
exceptions encountered in the line. The dropped-off wafers are subsequently scrapped.
[0003] Improved handling of lots in a manufacturing process is desirable to increase
production efficiency and throughput.

SUMMARY
[0004] A system for determining a list of potential lots for consolidation is provided. The
system comprises a module having a database and an input for receiving an event occurrence.
The database may include a set of consolidation rules. The module, upon receiving the event
occurrence, retrieves the consolidation rules and initiates a consolidation analysis to determine a
list of potential lots for consolidation based on the consolidation rules.
[0005] In another aspect of the invention, a method for determining a list of potential lots for

consolidation is presented. The method includes providing a module having database and an



system comprises a module having a database and an input for receiving an event occurrence. The
database may include a set of consolidation. rides. The module, upon receiving the event occurrence"
retrieves the consolidation rules and initiates a consolidation analysis to determine a list of potential
lots fbr consolidation based on the consolidation rules. *,'Waciln another aspect of the invetnion, a

method for detennthing:a-dist of Ratnsialiots dor Tﬂa%mw%&hvépglaﬂd%yﬁrm&&gae&sf U [tiee

further includes providing a set of consolidation rules within the database. The module, upon receiving

the event OQSBHJ&M&OFHEBQvi&ﬂﬁ%h@&ﬁ&%ﬁ%?@lﬁ%@ﬁﬁ%ﬂ?&%ﬁ%%( andinitiatesa QR
atlo

sttt:031 analysis to determine the potential lot list ibr consoli n based on the consolidation rules..

ffictO.K.1A consglidationeSX StOM mosilacempriser aJbitstinpSariecshngsan.event of a change in
content cif a first lot having an initial content is provided. The consolidation system further includes a

set of con.sdbdationenikesotheatonsolidatiomeoks dete bnines:peitentiablotaithatcan be consolidated
upon detecting a change in the first lot content. from the first input. The potential lots each having a
content smadlléPthan thecinitiai contenysthre codstlidatipn sytieinstingludes @ diistoutiput sensiing a
request tin holding (at the consolidation step) the first lot and one or more potential lots after the
potential lotsHage ibeontdetemmttiad lfrohasthe setiofieonsiAiviMoovidies. Thecsystaditirthestincludes a
seeend input 'Mr detecting readiness of one or mom potential lots for consolidation (the lots are ready
fbi consolidativhewhieh dhey resuhrthedshsolidation Step)cafteli thieorequiesi dromittee fisshoiatpotshave
been sent and a second output. The second output sends a command to eonsolidate the first Int and
one or moréliFbtertiz fers it saearisteatios theraadingss Bfsohe ernitotdrpoténtiatdotspfor The
consolidation has been detected by the second input. [00071These and other objects,. along vt.Ith
advantagesPaffh tiddfifesithavpie seimisvertiahon dieirn iseiosbernintbddsiaenapitaiéat tirsdugh
reference to the following dttSeription ahti the accompanying drawings. Furthermore, it is to be
understood ’ﬂfﬁ?‘?ﬁ%afgéfg%‘g’ﬁf tReNAFiB GRIBFbBAI gﬁféﬂ(ﬂ@s@‘?b‘@&%@@ﬂéﬁpaﬁeﬁbf%ﬁfﬁwﬁﬁ antlusive
and can CX1Si in various cortilfinations and permutations. BRIEF DESCRIPTION OF THE

DRAWING S {660 RARCR dratiogsa ik Perrbnta LRt ArTed g Aetammi 1edcdr 18 the Sdve parts

throughout o : .
9 consolidation rules. The system further includes a second input for detecting readiness of one or

more potential lots for consolidation (the lots are ready for consolidation when they reach the
consolidation step) after the request from the first output have been sent and a second output.
The second output sends a command to consolidate the first lot and one or more potential lots
into one carrier after the readiness of one or more potential lots for consolidation has been
detected by the second input.
[0007] These and other objects, along with advantages and feature 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
[0008] 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



the different views, Also, the drinvings are not necessarily to scale, emphasis instead generally being
placed upon itthe principles of the invention. Various embodiments of the present invention are
described with reference to the tbilOWing drawingswhich: f0009;Fig.1 shows a layout of a production
facility in accordance with one embodiment of the invention: 100101Ihg, 2 shows a block diagram of

aUteinatiOn, §igteRtia apsRiHancainitheons RMRRUMAILAIIG I YeMam A800 e Slor A S @
process now ox AaL"-kn'u'-"""-'with Q1'e embodiment of the invention; fRn1,-?Fig, 4 shows a process
flow for lot gaasalidatianiim accardanse with ane-embeoinediofihe dave LN AnGich:
[0009] Fig. 1 shows a layout of a production facility in accordance with one embodiment of
the invention;
[0010] Fig. 2 shows a block diagram of an automation system in accordance with one
embodiment of the invention;
[0011] Fig. 3 shows a process flow of a Consolidation Manager in accordance with one
embodiment of the invention;
[0012] Fig. 4 shows a process flow for lot consolidation in accordance with one embodiment
of the invention; and
[0013] Figs. 5-6 show the distribution of lots passing through two steps in the process flow.
DESCRIPTION
[0014] In the following description, details are set forth such as specific materials,
parameters, etc. in order to provide a thorough understanding of the present invention. It will be
evident, however, that the present invention may be practised without these details. In other
instances, well-known process steps, equipment, etc. have not been described in particular detail
so0 as not to obscure the present invention.
[0015] Fig. 1 shows a layout 101 of a production facility in accordance with one embodiment
of the invention. The factory layout, for example, is employed to process semiconductor wafers
to form integrated circuits. The factory layout can also be used to process other types of
products, such as LCD panels. As shown, the factory layout comprises a plurality of bays 121
and stockers 161. The bays and the stockers, for example, are located on opposite sides of a
main bay or central isle 131. Tools 151 are arranged in a loop within a bay.
[0016] A transport system, such as an automated materials handling system (AMHS) is

provided for the main bay and bays. The AMHS, in the embodiment, comprises an overhead



R30131Figs, 5-6 show the distribution of lots passing through two steps in the process flosy.
DESCRIPTION 100141In the following dCa:.1i131:0111" ilOtail3 are set forth such as specific
materials, pars:meters, etc. in order to provide a Mei .......... understanding of the present invention. It
will be evident, however, that the present invention may be practised without these details. In other

instances, wedlgmoySHATAGRASStanS RYUIBMER §1G- RV A HERD gsagipgdﬂgﬁiféﬂ%éﬁggﬁﬁﬁso

as not to obscure the present: invention. Ril0153Fig. | shows a layout | 01 of a nroduetion

accordanceywithiengenbediment of &heréﬁyﬁ&{i%{?st&hﬁ faetory Javanh Joh@XeMpies is,emplpyed to

process semiconductor wafers to form integrated circuits. The factory layout can also be used to

process otheyetypesootpiaducisbaliabas th-panels vAs SBOWR, tthe-factory layut.comprises.a
plurality of bays 121 and stockers 161. The bays and the stockers, .for example, are located on

opposite sides)&a maindayi Bereerbatisiedlbanols b5 are akangechie, adaamwithina hay:kQ0163A
transport system, such as an automated materials handling system (ANINS) is provided for the main
bay and baysiidtheAM ESS18G thet embodiment ftamprisessachovarheéactt thansperti0iNHn systgm. The
overhead transport system includes tracks 13:3 in which transport vehicles travel. Other types of
transport systens) bachead oVerhgad skibitles(@QEHB)taietaldaylselinealenaranifecofhifation. The
transport vehicles can navel within the same bay (Mtn - bay) or between different bays (inter- bav2" A
loop may, fépPEREPIpie acomtain Maftipletveticlesawhich twabekiffoneminegtionifethprdqlyglasations,
such as bpdirectionat travel within a inop, can also be useful. Transport vehicles facilitate intr&-bay of
inter-bay tramissitsfwareisEdnteshen ¢al antarrier (VEibusogpesrdfcastiers, such as front opening

unified pods %1.013Ps&} cassettes or standard :mechanical, interface (SMIF) pods, can be used,
[0017] afers are grouped into lots. The maximum number per lot (lot size), for example, is

25 wafers. Providing lot sizes with other maximum number of wafers is also useful. When a lot
is first introduced into the production process, it can have the maximum number of wafers per
lot. In one embodiment, a lot is associated with the same carrier during the process until change
event. The change event, in one embodiment, comprises consolidation of two or more lots into a
carrier. As such, a carrier can comprise two or more lots, so long as the total number of wafers is
less than or equal to the carrier capacity. For example, in the case which a carrier can contain a
maximum of 25 wafers, two or more lots can be combined if the total number of wafers of the
combined lots is less than or equal to 25. Wafers are moved from one carrier to another using a
sorter equipment. A stocker can be provided for temporary storage of carriers. It can be located
between two adjacent bays for sharing therebetween. Other production layout configurations are
also useful.

[0018] A manufacturing automation system facilitates automation in the production facility.
The automation system controls the execution of the tools to process the wafers and movement
of the wafers. The automation system can include different systems which interact to control

various aspects of the production facility.



Ut.A?Wafers are grouped into lots. The maximum number per lot (lot size). for example, is  wafers,
Providing lot sizes with other maximum number of wafers is also usend, When a lot is first introduced
into the production process, it can have the maximum number of waters, per lot. In one embodiment” a
lot is associated with the same carrier during the process .until change event. Tim change event, mono

embodimeniy FRSNPrisps, coOURNAANAN ALV QLIRS (R15) M4 th GRLIRIMS FMETbMR CAINSERA: of

comprise two or more Iots, so long as the .total humber of waters is less than or equal to the carrier

capacity. FQf, examplenImthe £ase.uch xﬂé}ﬁl@ﬁ%ﬁ%% EONIA AMAXMMBY AP WRIEES, two or more

lots can be combined if the total munber of wafers of the combined lots is less than or equal to 25.

Waters are mayeg-fom taeme%}s}im%mgﬁ&g}ﬁ&%r(sgumm%wmmm ganmbesuavded for

temporary storage of carriers. It can be located between two adjacent bays .for sharing therebetween.

Other productieg layeuiteonfigisatipas AeIBlsO.useliy 018, A matexactufiRg: automatar.system
facilitates automation in the production facility, The automation system controls the execution Of the

tools to processathexeafiess ancheravementiof theiwalersadine astomation systentsany alubde different
systems which interact to control various aspects of the production facility. f00:191Fig. 2 shows an
automation sysigie,(A&Sk2Q0la lacensdaricanmiils ané sembadimeittrofithe inve ntiger fdieASdncludes a
manufacturing execution system (MIES) 210. in one embodiment; the ME.S comprises a computer
program (e.gsSiview NS friomge BM oresidingCthear hosttcomputera@thertitype sroflMESsfardiglisen
useful In one. embodirmini, the mhs tracks the execution of operations in the production facility.
Functions ofildsebMpESomay inclhd v Ei. eXberigleS racking theitosdtion of edrdersiandistatusofle,
equipment as svell its performing lot reservations and putting lots on hold. Other functions associated
with the prodieietion dadilitytealsialstbeperforirdtioy (e iviES) ThéIMES edirstolevalio g types of
information, For example, detailed and up-ro-date inibranation of all kits (production and
non-productishYéan Be S atitRe IS S| O ipfarmttioirind ldetiastiseamplerstietst IDscahuatity
of wafers, wafer Ms, lot priority, product ID, process flow, recipes and the current step in the process
flow. The MPHSTEXNPARSH<tre RIpSRS oAt infGFRTAHEA BrtBE EBhtEM MKls Brasashitrierh T NEESdrtent
map includes" .for example, lot identification numbers (IDs) in the carder, wafer Ws and. slot location

within the caSSetter hBRifAY BiF SAIRIRR Othe FRHES TR FASticH Ay DS S BEHRiddashiae
content map, 100201 The AS also includes.a material control syste 0S) 2.20. The.MOS controls or
sty e M A e N e R Tl ok
wafer carried: withi AMITTS. This also include.coordinating inter-bay.and. intra-bay system
o oS D R T T H ot SRSt R e DR e e o
inter--WY anmda%!leS eereldeflente are maintained by the MeSa

[0020] The AS also includes a material control system (MCS) 220. The MCS controls or
manages the wafer carriers. For example, the MCS initiates and coordinates concurrent
movement of wafer carriers within the AMHS. This may also include coordinating inter-bay and
intra-bay system activities between production equipment load ports and stockers. Real time
status and monitoring of inter-bay and intra-bay AMHS components are maintained by the MCS,
including an inventory database of wafer carrier locations within the AMHS. To track locations
of wafer carriers, the MCS interfaces with an identification system which includes carrier ID
readers at key entry and exit points within the AMHS.

[0021] The MCS also interfaces with a transport system controller (not shown). The

transport system controller (TSC) maintains the operation of the AMHS, such as the OHTs and



including an inventory database of wafer carrier locations within the AMHS. To track locations of wafer
carriers, the MCS interfaces with an identification system Which includes carrier TO readers at key
entry and exit points within the AMOS, [00211ftc. MCS also interfaces with a transport system
controller (not shown). The transport system controller (TSC) maintains the operation of the AMES,

such as the QI T8 andS10CKers,(QUASE YRS LU ansport fxsiems, ara s ysghaly i ReNICS

instructs the TSC to facilitate movement of the lots to their destinations as designated by, tot example,

disptdch rules and hrigriss e RS, fils: w&gﬁé‘t&%ﬁ%&%ﬂ\é@a 5@9@{{%%&9%@;3)&%@%9“
locations, lot inventory SUIMMaieS.; 31011-DrediXetdata on ANESIS reliability. Eo22;The AS further

includes ong-argnereitsitider-oantersi2d0,varicus rilgifoEidef-water soitrrs sambe-employedothe
sorter may include a plurality of load ports ihr receiving the wafer carriers thr processing. Processing

includes, forg@xamplernietmerificationn picreationphysically spliting et anpbygical merging of lots,
An equipment integration manager (Tilil/41) 230 is provided to control the operations of the sorter.
The ELM infeofzpes with the: NIES-@nd waieles odeloabeXalviplesrpfecessinginstrusiions,aier
received from the NIES, Once processing is completed, lot information updates, if necessary, are
brammitted dorttre MiES: &OPR3HN atcordancaayithcbnk emphodimentoadgbearisolidriiangtanager
(1...C.Nt) 250 is provided. Thel...CM comprises, for example, a computer program residing in a host
computer systeiers lfvope @wsbadihentsthe LECMdeoniprisesrplsoftwace madulel of thatAS, iblcanctather
include a memory which contains the consolidation rides, In one embodiment, the LCINI interfaces
with the NIESl@dzrl Nt armdinaylthicctios of déteriing potentiahtotsafomconsaliadfidi H2ihy
martalimtuting process. t111124Fig, 3 shows a flow diagram $02 of an ECM. in accordance with one
embodimenitr Théed GNtouiporilscermreinee of G evéent aklstépdintciniatesid donkdlitiationvafsalysis at
step 322. The event comprises, in one embodiment, a bOUP content map change even:. This occurs
when a lot 85 Bedivamerad!te [ockrafaesEAt serppeencaRirgcmdindHaclufngrpr6eEss isThe
consolidation analysis includes retrieving; POOP and Mt information from the NIES. The. lot
information 8Bl aMp I8 [ UGARet i &S cHriterrerAEp StoredsA eIt MRS content map of the
FOUR includes information of the Eits in the FOUR, wafer Ds and the slot where each wafer is

residing. Lot SifOrmatlBi Ay EshisiT Ao Ael g matl 'SR A rboio e d Liviie A mss

provided. The LCM comprises, for example, a computer program residing in a host computer
system. In one embodiment, the LCM comprises a software module of the AS. It can further
include a memory which contains the consolidation rules. In one embodiment, the LCM
interfaces with the MES and EIM, and may function to determine potential lots for consolidation
during manufacturing process.

[0024] Fig. 3 shows a flow diagram 302 of an LCM in accordance with one embodiment.
The LCM, upon occurrence of an event at step 312, initiates a consolidation analysis at step 322.
The event comprises, in one embodiment, a FOUP content map change event. This occurs when
a lot has been altered (e.g., wafers being scrapped) during the manufacturing process. The
consolidation analysis includes retrieving FOUP and lot information from the MES. The lot
information is, for example, contained in a content map stored in the MES. The content map of
the FOUP includes information of the lots in the FOUP, wafer IDs and the slot where each wafer

is residing. Lot information may contain detailed information such as lot ID, lot size, wafer IDs,



priority, product ID, process flow, recipes and stage of production. Other types of information may also
be included 311 the content niap [0025;The LCIN4 also retrieves a "sot of consolidation rules from its
database. The consolidation rules define the basis for which lots can be consolidated. Generally, the
consolidation rules can 'he dellmxi. as desired and may depend on business requirements. The

consolidatio e mankerEelRedLsiag & AARDIGH iR/l e il DS IR Al g ining

the consolidation rules are also useful.. The consolidation rules Can be based’dn same or similar

product Ms gt size. Yot RIQIILY i Prexipiiof lofs within process flow, impact on lots’ cycle time, or a
combination thereof Other types of consolidation rules are also useful, [00261Lots of the same

products capgasily besonsolidaisd-sincethay: 99 threvanthe samebrcesssigRs. frats of similar
products, such as products within a product group” may also be potential consolidation candidates. if

they go thrauglosidastantially dbensanae, ol S AhRIeLRS SaBW-ah b HietkeMainingIprogess steps are
substantially similar or the same. Lot size determines whether lots can be potentially combined. If the

lot size of thecemiired jois exededs irednaxienued capacitydehihe MR dhertaiscannel Nene
combined. The maximum capacity of the rules 'based on lot priority, certain types of priority lots should
not be consalidatéthtborextumnpie; datitetitotsi o 'profoypedatshshbuld 60T hetrhasetidated since
these lots are designed to have small lot size with the obthetive of short cycle time. Preferably, the
iriorities of théwopsblidationidandidatesashelsid sefabolit ¢hersamiatibheuproximity ofskatonvithire the
process flow refers to how many steps (plus or minus) are between potential lots. Preferably, potential
lots should befirlyrefbse IRthetprocdss iffowity, eachother! Por examplecpoténtialilotsshouldsbe
within about i 0% of the total number of processing steps in the process :ley.% Impact of lots' cycle
time refers ®YAhEMWS 8cATARE IO dhscomistied, ey shoulebStiitive abks toernlsetuseBtbmer-required
delivery dates. If not, the lots should not be consolidated. Additionally, re- work lots Call be potential
consolidatidA®Mdidatess Honesamireofasiicae etsiht el €airbansiiisingd toretap vesismiota7;i
eneral, the decision to censolid.ate the lots is based on real time status along the L'wl/4,- -a-,,w-b--i(""
objectives dRAHEEHRE poitiE SF-Brmdatar iiptedd Bptirfve capasiy Biodyeletve eordsndation
may he used ptimarily to enhance: efficiency. As such, consolidation rules can be designed to be
consistent Wit IR RNRLEPR GatSHRIET G AR lioREy SHited AR & A e BB 86F S5 uality

rule may be.a "Mat:in:um Queue 'Time" rule, Whicrhlimits e amount of time a lot spent between two

processing StapE” FoPel e PIRGI SRS CBRTATStKi iﬂﬂ%\qé@t B0t ShoFatEEERitRe.

re. sep M celal e sien (.2 Aour) 0 ol el mpong e gyl
having maximum capacity of the FOUP, the lots cannot be combined. The maximum capacity of the
FOUP is, for example, 25 wafers. Other maximum capacities are also useful. With respect to
rules based on lot priority, certain types of priority lots should not be consolidated. For example,
“bullet lots” or “prototype lots” should not be consolidated since these lots are designed to have
small lot size with the objective of short cycle time. Preferably, the priorities of the
consolidation candidates should be about the same. The proximity of lots within the process
flow refers to how many steps (plus or minus) are between potential lots. Preferably, potential
lots should be fairly close in the process flow to each other. For example, potential lots should
be within about 10% of the total number of processing steps in the process flow. Impact of lots’

cycle time refers to when two or more lots are combined; they should still be able to meet

customer-required delivery dates. If not, the lots should not be consolidated. Additionally, re-



the same product ID or same product group. From this list, it identifies those lots which can be
potentially consolidated with the lotts) of the tarp-- FOUR Potential lots are those lots which, Wi:en
combnied, will itsmit in the consolidated lots U™a total number of wafers less than or equA to the
[tUKKinium capacity of a POUF, g 25. Using the consolidation :,ades, the LCM determines the lot or
lots which will e eRnsalidetsslonior i taraek ERURTNRIGHY erifies Dt GuAl igp. ustomer
requirements, and other consolidation rules,: such as priority, are not violated. Ba.sed on g r)(lles, the
LC.N.I also detespungs a&onsqlidation step at which the lots will be CohNoonuattu. (002911f Me
analysis concludes that there are no potential lots to be consolidated, the LCM returns to step 312. On

the other hapuiiaf the analysis.cansladesdhat theteargotentialats ta he.consolidated. thg LGty

issues transaction requests to the NIES to put the potiaitial lots on- hold at the consolidation step.

When the lofsoeaatvtheneonsolidationstenntbry-are wansiaued to.ihe sorianiegonsolidation at step
332. At step 33:2, the carders containing the lots on-hold are Ira ns ferred to the sorter until

consolidationtiz:covapleiedeQneecansolidadjavrisxcarpRieteghihe. contaptman jsispdated at step 342
and the held lots are released to continue processing. ilbe LCM ittestis to step d [00301Mg, 4 shows a
process flow404ofotationsolidatingdbtsiinateasdanaecwithionaembedimeniohenafersaretede
scrapped, a user initiates a scrap procedure at step 412. The scrap procedure removes the bad wafers
from the lot,deaging tié gootsiwafersite maiiing thedotutdentificatiorentdefectyeswafetsifaay be
perfermed, for example, manually by the user. Other methods of identification are also useful.
Defective wafersplFirfaxarmple rubambebihe ‘febultoft) Qeing Tamégett, byhéguipnienbdssuesoof
mis-processing (e.g., over politiltd” 2) contamination from inlourities or particles, or 3) having
measuremeff¥esliffsstivat BpEvsat of the wiestorastespe ification) 0BT omeienibodliméntd tieserap
procedure is initiated by accessing the MES, For example, a user performs a logical split using the
GUI interfack<ss the e TtAesrsbhishspirintspaidhn sntchiltme trainn tres Fapavedeisayeidg in the

child lot and the good wafers in the parent lot. Although the lot is logically split into child and parent

lots, physicafy FohtHBRCRHESHE parditantoardsl. shisarm&earrier.
[0028] In one embodiment, the LCM retrieves from the MES a list of lots (lot IDs) having

the same product ID or same product group. From this list, it identifies those lots which can be
potentially consolidated with the lot(s) of the target FOUP. Potential lots are those lots which,
when combined, will result in the consolidated lots to have a total number of wafers less than or
equal to the maximum capacity of a FOUP, e.g., 25. Using the consolidation rules, the LCM
determines the lot or lots which will be consolidated into the target FOUP. The LCM verifies
that quality rules, customer requirements, and other consolidation rules, such as priority, are not
violated. Based on the rules, the LCM also determines a consolidation step at which the lots will
be consolidated.

[0029] If the analysis concludes that there are no potential lots to be consolidated, the LCM
returns to step 312. On the other hand, if the analysis concludes that there are potential lots to be
consolidated, the LCM issues transaction requests to the MES to put the potential lots on-hold at
the consolidation step. When the lots reach the consolidation step, they are transferred to the

sorter for consolidation at step 332. At step 332, the carriers containing the lots on-hold are



In one embodiment, the user manually CatTiCS the cattier to the sorter load port. A "read lot"
operation is pertimned on the child lot using, for example, the GUI interface of the NIES, The MIS
instructs the EIM to cause the isorterio read" for example, the markings on the wafers in the child lot,
The ,Ettinkings, for example, can be Tl markings on the backside of the wafers. Other types of
markings are-AleisAlindieHenaRg LAt io eparalien anables confiimationhat e chid o

contains the wafers to bc scrapped, UNI1TA1A collector ca IS provided at ano pon of the

sixtat manualbicTe.B3e e WALETS AL FImONESh AR FhL WRSRIES Lhc ONIENIIARS.G] the f carriers

in the MIS to reflect their contents” wherein one eattier is the original carrier containing the pfrent: lot
and the othersanieris theepligetor carder containing the child lot, Other techniques for initiating
mid/or pert:mining scrap procedures are also useful. For example, the carders can be automaticaily

provided at[tEssprterrk0A343Tbe ppdaiingodf the conteiomans indheNAER greates:ag,event winch

causes the Leti4 to perform a. consolidation analysis at step 422. To perform the consolidation

analysis,. theii@dNd cetrisves thefBOME infermationand:tbeilel o rmation 5eminc. gnd reads
the consolidation rules from its database. Information from the content maps is analyzed based on

consolidatiGfheulesipidentilis patentatietsibnaanditaie leis)taeonsolidales as wel asdhgiRroeess
step at which consolidation is to occur (consolidation step). Consolidation can be pN rformed for 2 or
more lots, Sbddniy aé:thiditotad nfnelbetiaf watessiinythe satisicl atefiotsdoes:; lotexaeecskthe caier
capacity. Preferably, the total number 0.1 wafers in the candidate lots should be equai to or
nearmaxim®aametisisp)) igcioiivaterspo: aiet. TEhéetd) eantive atfithebtheanekt pradessididsusum of
the ea:min-Lite lot that is further or furthest :110112 the process flow (fir lot) or a subsequent
processing &tépbArerdrakigedie cansotidation step shoutddiessaléetedaeeoptinineyyche timeaabthe
candidate lots. Fat emir:mile, it may not be appropriate to consolidate at the next processing step of
the far lot dUieR0BRIERESI AGReGHdRTe AALOEVITDBS 10 stespt 43 1 tsithhieaamely sittconcitmes that no
consolidation candidates are found, the CCM continues to listen for an event in the AS which will
initiate the SBFfeBRAEdN analysis" 031 the other hand, if the analysis concludes that the consolidazion
candidates %%Jjund the far lot, near lotlot in an earlier stage processing than the far lot) and

consolidatié p ard BRI STRBETERSRLART. 6P Brgasase s Mitiated by accessing the MES. For

example, a user performs a logical split using the GUI interface of the MES. The lot is split into
parent and child lots, with the scrap wafers being in the child lot and the good wafers in the
parent lot. Although the lot is logically split into child and parent lots, physically both the child
and parent lots are in the same carrier.

[0032] In one embodiment, the user manually carries the carrier to the sorter load port. A
“read Jot” operation is performed on the child lot using, for example, the GUI interface of the
MES. The MES instructs the EIM to cause the sorter to read, for example, the markings on the
wafers in the child lot. The markings, for example, can be T7 markings on the backside of the
wafers. Other types of markings are also useful. Performing the read lot operation enables
confirmation that the child lot contains the wafers to be scrapped.

[0033] A collector carrier is provided at another load port of the sorter manually. The user
then scraps the child lot using the GUI interface of the MES. This results in the MES instructing

the EIM to cause the sorter to move the bad wafers into the collector carrier. Once the bad



00361At step 442, the LiClvi initiates consolidation. Initiating consolidation, in one embodirnont,
includes requesting the VIES to hold the far and near lots at the coiwolidation step. Holding the lots
suspends processing, causing the lots to wait at the consolidation step when the lots reach the
consolidation step. At step 452, the L.Clvi waits for the lots to reach the consolidation step, 'Whichever

ot reaches ingaearoldation Sepdiiet yilas Bl anbalduRKb g ADE IR eAGR G conSQlidation

step, Until the consolidation step is reached, a candidate [0t is allowed to continue processin:g, Once a

candidate lof, a3 crpaahediheirnsQUdation sep:dhis beld.ThefanioL 'Eﬁ@%ﬁ%ﬁttib‘? fansaligation stop

belbre the near lot. Instructing the NIES to holtl the candidate lots ensures that neither passes the

consolidatiog: stepiskhe dbiice: menitors thenmevemeant ofthe candidate, ltsthrauahthe piagess flow.
When all consolidation candidates (he, the lots on hold) have reached the consolidation step, the TEM

initiates the wonselidatiomnpiiecess b O3kICaRsAlIdatioR SapNNeRcesALseR 462.ihRneslly

embodiment, consolidation includes the LEM instructing the NIES to request the ItsiCS to command
the .A.MHS# dekver the gateiers to the sorter. When the carriers reach the sorter, they are loaded into
the load ports. The Davi instructs the EIM to cause the sorter to consolidate the candidate lots into one
carrier (e.g.[@68dsfer Watensdfiape Badiesrinio thepothehy WEStepedidi2athedniGaddssuesthie: LCM
transaction to the NILS to -release the consolidated lots once transfer is completed. Processing of the
consolidateth IptsfcontinuesAldiition atlylythe 4 D uanatEs theconteat seapsiefithescarsersholreflect
the consolidation of the candidate lots. t0038]In general, the decision to consolidate the lots is based
on real timergiratussdlongQh@ pricuetion finé fisuch astheworkrimpiiockEsS(WE ) pptofile, cause of
bottleneck, high level objectives and need at point-of:time, for example to optimize capacity or cycle
time. In oneceppbdifntuttfcieonsindigabasieslaferdesignedrs tich aprittheyedoinetalicletdauedib), rules
"Maxim urn Queue Time" rule) or customer requirements, to child lots. This may be due to various

process corf§iferidising suphiaglepahngroinpablely staatsbflerdasPitecconiitates wsts arthehen the let

is placed on a rework process Bow. o o
process step at which consolidation is to occur (consolidation step). Consolidation can be

performed for 2 or more lots, so long as the total number of wafers in the candidate lots does not
exceed the carrier capacity. Preferably, the total number of wafers in the candidate lots should
be equal to or near the maximum number (e.g., 25) of wafers per lot. The consolidation step can
be at either the next processing step of the candidate lot that is further or furthest along the
process flow (far lot) or a subsequent processing step. Preferably, the consolidation step should
be selected to optimize cycle time of the candidate lots. For example, it may not be appropriate
to consolidate at the next processing step of the far lot due to processing considerations.

[0035] At step 432, if the analysis concludes that no consolidation candidates are found, the
LCM continues to listen for an event in the AS which will initiate the consolidation analysis. On
the other hand, if the analysis concludes that the consolidation candidates are found, the far lot,
near lot (i.e., a lot in an earlier stage processing than the far lot) and consolidation step are
remembered in the LCM’s database.

[0036] At step 442, the LCM initiates consolidation. Initiating consolidation, in one

embodiment, includes requesting the MES to hold the far and near lots at the consolidation step.
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10040iFigs, 5-6 1119shate actual distribution of lots with different lot sizes. Referring to Fig, 5, a
distribution or lots passing through EOXP tool is shown. The total sample size is 1995 lots, From file
distribution, 1608 lots have the maximum number of wafers 05) while the reinalthrtg lots have less than
25 wafers. This shows that poterthall y itjv, of the lots can be consolidated, Fig. 6 shows a distribution

of lots passing;Heyediie sl or-daak, Tagintals s SiaedSd ShiBiRi a4 0pH(p0 25

wafers while the remainiim lots have less than 25, This shows, that potentially 15% of the 10:s can be
consolidate,By.canselidatingdotenancincraass, uiization @i toolsabmatrafiietating, rgsources is

achieved. [00411The invention may be runbodied in other specifie forms without departing from the

spirit or essentialichatmciesstiesithevepfol he:faregeingambndiments therefior @retonbel copsidered
in all respects illustrative rather than limiting the invention described herein. Scope og the invention is

dins int,fiCafesldoyee 10\ 144€E1i¢ elaimsideaihiestparUbyithe: kisegning desepptiaacend ailshanges that
come within the meaning .and range of egnivalency Of the clahns are "C ON to be nibrirced therein.,
What is claitned isldSleAMSsmAsysteteesimpriOnce adetdensolidiiordriaaagerthéohamadite for
determining a list of potential ots for consolidation, the LCM module comprises a database and an
input for receiving altrighetingeevent {veheresirlidatithetriggetinglevenir dom prisestedubionis the
number of wafers in i first lot at any stage of processing, and the database contains a set of
consolidatidrhiiés fondiwerviningsarbt tiapotethtiabletsSorcoonsolidation sttye foteh(ial otsidves the
contained in carriers, wherein the LCM module, upon receiving the triggering event relating to the
first lot at thevipuIcof ehéheCmdnstuletsréndegbsithercorsdlideationtviks! fromsthie darabaskdefehe LCM
module and Mill tes and performs a consolidation analysis to determine the list of potential lots for

consolidatioi itk tieés s bR e based sivithe berrearaadivivrulies, thadrel initiates the consolidation

process.
[0037] Consolidation commences at step 462. In one embodiment, consolidation includes
the LCM instructing the MES to request the MCS to command the AMHS to deliver the carriers
to the sorter. When the carriers reach the sorter, they are loaded into the load ports. The LCM
instructs the EIM to cause the sorter to consolidate the candidate lots into one carrier (e.g.,
transfer wafers of one carrier into the other). At step 472, the LCM issues the transaction to the
MES to release the consolidated lots once transfer is completed. Processing of the consolidated
lots continue. Additionally, the EIM updates the content maps of the carriers to reflect the
consolidation of the candidate lots.

[0038] In general, the decision to consolidate the lots is based on real time status along the
production line, such as the work in process (WIP) profile, cause of bottleneck, high level
objectives and need at point-of-time, for example to optimize capacity or cycle time. In one
embodiment, the consolidation rules are designed such that they do not violate quality rules (e.g.,

“Maximum Queue Time” rule) or customer requirements.
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Ike consolidation analysis deteres a selected consolidation step for consolidation which can heat any
stage of processing, the first lot and the one or more lots from the list oflots for consolidation continue
processing until reaching the selected consolidation step to form a single consolidated lot, and the
consolidation comprises physically mermilif wafers of the first lot with one or more lots from the list of

potential lotggigsgqonsofidation inte a.same-cartier e selected &apr:o%g@;;g'rg%}éﬁg 91 sibseauent

processing of e wafers. The system of claim 1 herein: the dete electe

consolidatiop stepi deRends; A the: Maxip W Rllwed dnena detSReRds etwesn, Qn‘i{rf&‘?{y‘?siams

processing steps. The system of claim 1 wherein the change in the number of wafers in"a lot

occurs whenfowaletin eolebisiseranpedr 4ilheasysiemeielain 1 whsreinthepatgntial lots for
consolidation comprise lots belonging to similar products, wherein the lois belonging to similar

products ar¢gorjuctsRrithi @ipreduet groupithabgadhtough substantially theisame gesinylay process

flow or if the renlaining process steps are substantially similar or the same.
5, a distribution of lots passing through EOXP tool is shown. The total sample size is 1995 lots.
From the distribution, 1608 lots have the maximum number of wafers (25) while the remaining
lots have less than 25 wafers. This shows that potentially 20% of the lots can be consolidated.
Fig. 6 shows a distribution of lots passing through the LKAS/LKAL tool. The total sample size
is 1199 lots, with 1014 having 25 wafers while the remaining lots have less than 25. This shows
that potentially 15% of the lots can be consolidated. By consolidating lots, an increase
utilization of tools or manufacturing resources is achieved.
[0041] 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 respects 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.
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The system of claim 4 \\ erein the potential lots have a combined size of substanth equal to the
maximum capacity of a carrier 6. The system of claim 4 wherein the potentialhave similar or same
priorities. 7. The system of claim 4 wherein thepotential lots are fairly close within the process flow. 8.
The system of claim 1 wherein the set of consolidation rules does not violate quality rules and/or
customekyaguisengnts. iQ. The system of claim 8 wherein the customer .equirements comprise
required delivery dates and the quality rules comprise limitation on the amount of time a lot spends
between two processing steps. laA method for deteamn®ig a list of potential lots of wafers for
consolidation, the method comprising: providing a host computer system having a lot consolidation
managerl(WM) meghienasmprising:a database and an input for receiving a triggering event, wherein
the triggering event comprises a reduction in the number of wafers in a first lot atstage of processing,

and providing azskt ebesyibiittativarages (W) theddésdbagetahiherigMisnotivdesfaiahipe list of
potential lots of wafers for consolidation, wherein e LCM module, upon receiving the triggering

event relating liddtierfnsiel oG the dofut opeificens dhrfadowidgusiepstfomptisiviigievinggthinget of
consolidation rules, and
event, wherein
the triggering event comprises a reduction in the number of wafers in a first lot
at any stage of processing, and
the database contains a set of consolidation rules for determining a list of potential
lots for consolidation, the potential lots are contained in carriers,
wherein the LCM module, upon receiving the triggering event relating to the first lot at
the input of the LCM module, retrieves the consolidation rules from the database of the LCM
module, and initiates and performs a consolidation analysis to determine the list of potential lots
for consolidation with the first lot based on the consolidation rules, wherein
the consolidation analysis determines a selected consolidation step for
consolidation which can be at any stage of processing,
the first lot and the one or more lots from the list of potential lots for
consolidation continue processing until reaching the selected consolidation step to form a
single consolidated lot, and
the consolidation comprises physically merging wafers of the first lot

with one or more lots from the list of potential lots for consolidation into a

same carrier at the selected consolidation step for subsequent processing of the wafers.

2. The system of claim 1 wherein:
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initiaEing and performing a consolidation analysis to determine the potential lot list for consolidation
with the first lot based on the consolidation rules, wherein the consolidationanalysis comprises
determining a selected consoiidaEion step for consolidation which can be at any stage of processing,
the first loe one or more oe potential lot list for consolidatio continue processing until reaching the

selected consolifatietestematinfosiie Skgiec@osstiiaiedricteprid jheiconshlidatiomaamplises merging
raters of the first lot with one or more o s from tfe potential lot list for consolidation into a same carrier

at the setqotesl loonsaliitiaimnsiepiorosuhsequentpingsssing of the wafers. 11.The method of claim 10
wherein the LCM module further performs the step of monitoring the potential lots for consolidation

until the lots reach the selected consolidation step for consolidation. a wafer in a lot is scrapped. 13.
The method of claim 10 wherein the potential lots for consolidation comprise lots belonging to the

same ang/or simiarspsaauctscldidh Thdergthod diaiginnlBevhenbon thevafiential lotsdave whepnabined
size of substantially equal to the maximum capacity of a carrier.

wafer in a lot is scrapped.

4. The system of claim 1 wherein the potential lots for consolidation comprise lots
belonging to similar products, wherein the lots belonging to similar products are products within
a product group that go through substantially the same or similar process flow or if the remaining

process steps are substantially similar or the same.

5. The system of claim 4 wherein the potential lots have a combined size of substantially

equal to the maximum capacity of a carrier.

6. The system of claim 4 wherein the potential lots have similar or same priorities.
7. The system of claim 4 wherein the potential lots are fairly close within the process flow.
8. The system of claim 1 wherein the set of consolidation rules does not violate quality rules

and/or customer requirements.

9. The system of claim 8 wherein the customer requirements comprise required delivery
dates and the quality rules comprise limitation on the amount of time a lot spends between two

processing steps.
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The method of claim 13 wherein the potential lots have similar or same priorities. 16. The method of
claim 13 wherein the potential lots are fairly close withinprocess flow. 17. The method of claim 13
wherein the Lefs4 module further performs he step of: issuing a request to hold .the lots to be
consolidated which are determined from the potential lot list at the consolidation step until the

consolidation is&eneetefhr alrtbrminingsaliig of sansaalitng efuesttofteleass linatkonsedidaieddot upon
completion of the consolidation. 18. The method of claim 10 wherein the set of consolidation rules
does notegelptiziayality rules and/or customer reqtiirernents. 19.'The method of claimcustomer
requirements comprise required delivery dates and the quality rules comprise hmitation on the amount

of t le a lot spengts\igimee ndswepnpoessingastensyinga kysiemsodidatédm awigieindhe)inpdus the IRM
module eludes a first input and
comprising a database and an input for receiving a triggering event, wherein the triggering event
comprises a reduction in the number of wafers in a first lot at any stage of processing; and
providing a set of consolidation rules within the database of the LCM module for
determining a list of potential lots of wafers for consolidation,
wherein the LCM module, upon receiving the triggering event relating to the first lot at
the input, performs the following steps comprising
retrieving the set of consolidation rules, and
initiating and performing a consolidation analysis to determine the potential lot list for
consolidation with the first lot based on the consolidation rules, wherein
the consolidation analysis comprises determining a selected consolidation step for
consolidation which can be at any stage of processing,
the first lot and the one or more lots from the potential lot list for consolidation
continue processing until reaching the selected consolidation step to form a single
consolidated lot, and
the consolidation comprises merging wafers of the first lot with one

or more lots from the potential lot list for consolidation into a same carrier at the selected

consolidation step for subsequent processing of the wafers.

11. The method of claim 10 wherein the LCM module further performs the step of
monitoring the potential lots for consolidation until the lots reach the selected consolidation step

for consolidation.
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wherein the event occurrence includes an even 'al content of 1 change in content of a first lot havine:
an 21.The system of claim 20 whereset of consolidation rules determinelots that can be consolidated
upon detecge in the first lot content from the first input, t potential lots each having a content smaller
than the initial conten The system of claim 21 wherein the 1_,C,M module includes a firs utput

sending azequesidanduotding dheniing lohasih anecornerie petentiddots afiesthe pote dotois ier been
determined from the set of consolidation rules. The system of22 wherein the LEM module includes a

secondud faifletecang resstipgss.of one or more potential lots for consolidationafter the request from
the firs output have been sent. 24.The system of claim 23 wherein the LCM module includes a second
output, w second output of the LCM module performs the step of sending a command to consolidat the
first lot and one or more potential lots.) one carrier after the readiness of one or more potential lots for
consolidation hahbeehdetettdal hyl hwisesonddnitential lots for consolidation comprise lots

belonging to the same and/or similar products.

14. The method of claim 13 wherein the potential lots have a combined size of substantially

equal to the maximum capacity of a carrier.

15. The method of claim 13 wherein the potential lots have similar or same priorities.

16. The method of claim 13 wherein the potential lots are fairly close within the process

flow.

17. The method of claim 13 wherein the LCM module further performs the step of:
issuing a request to hold_the lots to be consolidated which are determined from the
potential lot list at the consolidation step until the consolidation is completed; and
issuing a transaction request to release the consolidated lot upon completion of the

consolidation.

18. The method of claim 10 wherein the set of consolidation rules does not violate quality

rules and/or customer requirements.
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A method of manufacturing an integrated circui awl providing two or more lots of f -s; providing a
host computer system having a lot consolidation manager (LEM) module for determining a list of
potential lots for consolidation, the LCM module comprises a database and an input for receiving a
triggering event, wherein the triggering event comprises a reduction in the number of wafers in a first

lot at anyl stage THgonesrssivbcland tgtenalintha disipatenta|Untsrehwaiardite consioddatiingpy the
LCI'1/24 module upon receiving the triggering event relating to the first lot at the input, wherein the
determinifagesamptiieasaligravigingrapsst ofncinaselidatibe anlesnvithimthe atgade ftieh €04
module, retrieconsolidation rules upon receiving the event occurrence relating to the first lot from the g
and perfplrotngiagenasnlidation analysis by the LCM nodule to determine the list of potential lots for
consolidation with the first lot based on the consolidation rules, wherein the consolidation analysis
further determines a selected consolidation step for consolidationcan be at any stage of processing,

and the fjrst lot d the one or more lots from.the list of potentigl Jgts continue processipg until reaching
e el b contE MR B e e o R A R s Teaidre o
the first Iothwith 0{1e or m%)re lots from thfs (Ijjst of potential Iotﬁ i . .

wherein the event occurrence includes an'event of a change in content of a first lot having an

initial content.

21.  The system of claim 20 wherein the set of consolidation rules determine potential lots
that can be consolidated upon detecting a change in the first lot content from the first input, the

potential lots each having a content smaller than the initial content.

22.  The system of claim 21 wherein the LCM module includes a first output sending a
request for holding the first lot and one or more potential lots after the potential lots have been

determined from the set of consolidation rules.

23.  The system of claim 22 wherein the LCM module includes a second input for detecting
readiness of one or more potential lots for consolidation after the request from the first output

have been sent.

24. The system of claim 23 wherein the LCM module includes a second output, wherein the
second output of the LCM module performs the step of sending a command to consolidate the
first lot and one or more potential lots into one carrier after the readiness of one or more potential

lots for consolidation has been detected by the second input.
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for consolidation into a same carrier at the selected consolidation step based on the determined list for
subsequent processing of the wafers.

25. A method of manufacturing an integrated circuit comprising:
providing two or more lots of wafers;
providing a host computer system having a lot consolidation manager (LCM) module for
determining a list of potential lots for consolidation, the LCM module comprises a database and
an input for receiving a triggering event, wherein the triggering event comprises a reduction in
the number of wafers in a first lot at any stage of processing; and
determining a list of potential lots of wafers for consolidation by the LCM module upon
receiving the triggering event relating to the first lot at the input, wherein the determining
comprises,
providing a set of consolidation rules within the database of the LCM module,
retrieving the set of consolidation rules upon receiving the event occurrence
relating to the first lot from the input,
initiating and performing a consolidation analysis by the LCM module to
determine the list of potential lots for consolidation with the first lot based on the
consolidation rules, wherein the consolidation analysis further determines a selected
consolidation step for consolidation which can be at any stage of processing, and the first
lot and the one or more lots from the list of potential lots continue processing until
reaching the selected consolidation step to form a single consolidated lot; and
physically merging the wafers of the first lot with one or more lots from the list of potential lots
for consolidation into a same carrier at the selected consolidation step based on the determined

list for subsequent processing of the wafers.
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