Met hod and System for Wafer Lot Order BACKGROUND OF THE I NVENTION 5 (1)
Field of the Invention This invention relates to nethods and systens for
controlling a sem conductor manufacturing line. In particular, the
invention relates to nethod and systens determning 10 the optinmal queue
time based on utilization |oss and rework percentage being dependent upon
wafer lot order. (2) Description of the Prior Art 15 In sem conductor
manuf act uri ng, cycle- tine is a nost critical factor Cycle-time can be

defined as the sum of pr si,n and [ The queue tine
represents the tine d|f géﬂﬁiéﬁgﬁ $E§ﬁ3 KGRafer or Iot |eaves
a process step and the tlne when it enters the next process step. Wile
the processing tine is defined by the type of process tools used in a
manuf acturing |line the queue tinme can be influenced by manufacturing |line

20 control methods as e. g. nmanaging the order of wafer lots. In
sem conduct or manufacturing, queue tine (or tinme wndow) control is

comonly inplenmented bet wegRACRIIEEERESOF EeE IRI/ERITERGNGUEeue tine may affect
the materials applied to a sem conductor substrate, as well as electrical

propgrties of a device being formed. The 1 control of queue tine is
i npl emented for known time-sensitive process steps that are comonly
di scovered byigxpeiHemenéstdron or general know edge of the manufacturer

(e.g.
This invention relates to methods and systems for controlling a semiconductor
manufacturing line. in particular, the invention relates to method and systems determining
10 the optimal queue time based on utilization loss and rework percentage being dependent

upon wafer lot order.
(2) Description of the Prior Art

15 In semiconductor manufacturing, cycle-time is a most critical factor. Cycle-time can be
defined as the sum of processing time and gueue time. The queue time represents the time
difference between the time when a wafer or lot leaves a process step and the time when it
enters the next process step. While the processing time is defined by the type of process
tools used in a manufacturing line the queue time can be influenced by manufacturing line

20 control methods as e. g. managing the order of wafer lots.

In semiconductor manufacturing, queue time {or time window) control is commonly
implemented between processes. The selected queue time may affect the materials applied

to a semiconductor substrate, as well as electrical properties of a device being formed. The



t hrough experience). Such approach is highly dependent on the human
judgnent and does not take into consideration utilization |loss and rework
percentage. In view of this, there is a 5 need for a wafer |ot order nethod
that takes into consideration utilization |loss and rework percentage for
time window control. Prior art patent docunents, U S. Patent (US 6,470,231
to Yang et al.), U S Patent (US 7,027,885 to Barto et al.), and U S.
Pat ent Publication (US 2005/0234578 to Liu et al.) 10 disclose queue tine

control. U S._. Patent (US 6,470, 231 to Yang et al.) teaches a djspatching
yot em SAATARABFENNG ARG Fot Rl i ssPithe TR otdhs IR Al "t o1
is dispatched to an avail able tool in accordance to schedul ed output,

wher ei n COAENYIY FIRCO¥EredeycerRapiIeiatian wegwa'm@&e%omfeévaw@ﬁufﬁ@ﬁ&
priority have to be processed first. Al though queue tinme was nmentioned in
t he rankiregoRleypeiienin)i fueharprpariis highly dapeagpnoat helBiroan iusiostent sndglasse
opti mum al | owabl e queue tine based on utilization and rework percentage is
not di sebbtake inte edrisilgpatiar utiizationlosS.andaeaork peiSeniagR? [regbwta tilar thereis a
al.) relates to a technique by which a manufacturing process flow

det ebm mesd\fdremwiaberieigprder pretieesibiat thkashato donefdetration. utllzation B3 @ntl rework
Publ i cation (US 2005/0234578 to Liu et al.) discloses a nethod and system

for i depkideritaik P d6RS®INEbASONt@I. queue-tine control and 20 abnornmality
detection. Furthernore there are nore patents in the field of dispatching

wafer lots of a sem conductor manufacturing lines: 2 U S. Patent (US
7,020,594 to Chacon) proposes an integrated wafer fab production

Prior art patent documents, U. S. Patent (US 6,470,231 to Yang et al.), U. S. Patent
(US 7,027,885 to Barto et al.), and U. S. Patent Publication (US 2005/0234578 to Liu et al.)
10 disclose queue time control. U. S. Patent (US 6,470,231 to Yang et al.) teaches a
dispatching system and method. in the lot order algorithm of this prior art, each wafer is
dispatched to an available tool in accordance to scheduled output, wherein the output of
each tool must be maximized and wafer with higher priority have to be processed first.
Although queue time was mentioned in the ranking algorithm in this prior art, an approach
15  of determining the optimum allowable queue time based on utilization and rework
percentage is not disclosed in this prior art. U. S, Patent (US 7,027,885 to Barto et al.)
retates to a technique by which a manufacturing process flow determines when to begin
processing a batch of lots. U. S. Patent Publication (US 2005/0234578 to Liu et al.)
discloses a method and system for identifying process steps for queue-time control and

20  abnormality detection.

Furthermore there are more patents in the field of dispatching wafer lots of a

semiconductor manufacturing lines:



characterization and scheduling systemincorporating a manufacturing
execution system wth a scheduling system based on sinulation. The

i ntegrated characterization/scheduling system provides manufacturing with
a sinmulation tool integrated with the manufacturing 5 execution systemto
eval uate proposed production control logic as a practical alternative to
expensi ve experinentation on actual production system Furthernore,
sinmulation nodels are used to create short-term di spatch schedules to

steer daily f.act ur i r.ati o t owar ds pl anned rfor ce goal s.
hnovat tve f Bhih At LR E80 58408 ShashRlprppebe A Mueo e ReBR Ik ettcton
schedul i p}g Kanban based WP, control, an integrated tine standard 10

dat abas &N H@UPRANASCHEAYVIRG SR inrpap&ting/a raanBapiiiPg EX8CHIOTESSEM t o
Allen, Jr. et al.) discloses a nethod, apparatus, and system provided for
a proactithea aehgshiling systefreheses! ompinpiation. Mdepalegraipd ghamcterizgdpnisabeduling
request for processing a sem conductor wafer is received. A |line-bal ancing
anal ysi sygiageprovBlegpoanufpeturisguétita sisnyetidrotookihieghateldesitt theneaseidictoinguct or
waf er based upon the line- balancing analysis is processed. U S. Patent

(US 5, 8t8ediitmntsystam o evalakie) prapssddperiuatise nosios dogit as ammauficd taltermagive to
fabrication plant with production to-order type operation havi ng hundreds

of devi ergermditk exferitashtation BhRERES BfoduRtibe syBRAYFlrthEmBre) ¢indglab® rlodelc! e
time and precise delivery to satisfy custoner expectations is a major task.

A di spabediife &) @ehid SHBraMRtisRRoN sEREHuIdS I stBRE 8ai(ﬁv5)ﬁi)lfafcﬂﬂﬂgi Hfations

according to the level of current wafers I n process al gori'thm

revi Sl Novdts B orfoPhaRe bBalsC Inrofafié fedirel I SRIRRSLEATLMBR BRtive

Pr oduct i on
maintenance scheduling, Kanban based WIP control, an integrated time standard

10 database, a, and real time lot move updates.

U. S. Patent (US 6,763,277 to Allen, Jr. et al.) discloses a method, apparatus, and
system provided for a proactive dispatch system to improve line balancing. At least one
request for processing a semiconductor wafer is received. A line-balancing analysis based

15 upon the request is performed. At least one semiconductor wafer based upon the line-

balancing analysis is processed.

U. 8. Patent (US 5,818,716 to Chin et al.) discloses a semiconductor manufacturing
fabrication plant with production to-order type operation having hundreds of devices and
20 various processes to be managed. To provide short cycle time and precise delivery to
satisfy customer expectations is a major task. A dispatching algorithm named "Required
Turn Rate (RTR)" functions according to the level of current wafers in process (WIP)

algorithm revising the due date for every lot to satisfy the demand from Master Production



Scheduling (MPS). Further the RTR al gorithmcal cul ates the RTR of each | ot
based on process flowto fulfill the delivery requirenent. The RTR

al gorithm determ nes not only due date and production priority of each

| ot, but also provides RTR for |ocal dispatching. The |ocal dispatching
systens of each working area dispatch the lots by using required turn rate
5 to maxi m ze out put and nmachines utilization. SUMVARY OF THE | NVENTI ON 10
A principal object of the present invention is to autonate the wafer | ot

or | nci paegay i 0P| oL LR TR RBT A e s S e RO TbO ey B P et

efficienc 15 A further object of the present invention is o save
manpoweProsgiiodttoryfifdir dpiyery m%rﬂnmr&dﬁm RIR algegthnpdeiensinessobenlygiua he
present invention is to reduce utilization |loss and rework by 20 achieving
opt i mal dets apd geaduction Ruely PdweehIwtt hut aigo @B?VedﬁssRBlR fonlosal ¢igeatchiog. Bhe
method to establish a wafer ot order of a sem conductor manufacturing

| i ne by laahtlisphtohing syséares of eeciovorking ardaodispdiab thd kds backingweduirdhtirneateod
i nvented conprises conprising the steps of (1) ranking lots of 4

sem §ontotaximizefortput wadtrnachiags gilizatishep of queue tine and order said
ranked list on alot list, (2) allocating equipnent to an exit step of
gueue tinme control and ranking said

SUMMARY OF THE INVENTION

10 A principal object of the present invention is to automate the wafer lot order process

at gate step of a semiconductor manufacturing line.

Another principal object of the present invention is to improve manufacturing
efficiency.
15
A further object of the present invention is to save manpower required to manually

order production lots.

Another object of the present invention is to reduce utilization loss and rework by

20  achieving optimal lot order.

In accordance with the objects of this invention a method to establish a wafer lot
order of a semiconductor manufacturing line by controlling queue time of wafer lots has

been achieved. The method invented comprises comprising the steps of (1) ranking lots of



equi pnent according priority on an equipnent list, (3) selecting an

equi pnent having highest priority as current equipnent, and (4) selecting
a |l ot having highest priority. The 5 followi ng steps of the nethod invented
are (5) checking a resource and process constraint database if said

equi pnment selected is qualified to run said |ot selected and if resources
required are avail abl e and sel ect another equi pnent as current equi pnent
fromsaid equipnment list if said check is negative, (6) determ ning

opti mal : I i.d | | pcted b iljzatiaon
Dss and P U cBr MR balRe 9 oaBtbp of ude e e Rl 28 hiedl Ebbier
for equi, t selected;. and,, final] (8) releasing |qt sel ected and

nosi g LT aifafii SynTn in o8 Bt tentot q edigtiam CoatheregenBnoratls ¢ han
calcul ated, earliest release tinme otherw se select next lot on the lot |ist
and go @SUW"@@)’?@'WQ P e eHipmeat ikt &) salechro pareauinreentd@virg exit .
15 In accordance with the objects of this invention a systemto establish a
waf er | dighest géerityrsLusient eawamsnrandaidisalecting adotl havindligbesitrrisirity. dgiequeue
time of wafer I ots has been achieved. The systeminvented conpri ses,

firsh, Mhellomdng stepsohtfe methct ingéntalilare 95 )ocheckingra tespsrasaand pepcats aogrttaint
step of queue tine control, wherein said |lots are ranked according their
priorit yatabesasf daid eqeiptrentsklestedot qablifigthpuiaciait ion gelegiddoamnif sesdut@sat ed
to 20 exit steps of queue tine control, wherein said equi prents are ranked
accor di pgyUifeeidre aVEIIA8IE Nd skt BRBIKEr ehumniat QY freANEqRIHREMS FoRPEEE I ai nt
dat abase, which is used to check if said manufacturing equi pnents are

qual i fi gduipthdritNs@ géi%%&{k %rhég%\ttiv@,“@l id%téﬁiirﬂnﬁ%iimﬁﬁﬂowmé qteggéi Weld &N

f
resources required for sard |lot. Furthernore the systeminven conpri ses

means Q?iﬁ%teééfé&&d BBELABh (2 ROLEs THE VoW Ber¥nth a7 SarlLiBthg theBatel)

differen
10 release time for equipment selected; and, finally, (8) releasing lot selected and assigning it

to the equipment selected if current time is not [ater than calculated earliest release time
otherwise select next Iot on the lot list and go to step (5), if there are no more lots on the lot

list go to exit.

15 In accordance with the objects of this invention a system to establish a wafer iot
order of a semiconductor manufacturing line by controlling queue time of wafer lots has
been achieved. The system invented comprises, first, means to create a list of all
production lots waiting at a gate step of queue time control, wherein said lots are ranked
according their priority, means to create a list of all manufacturing equipments allocated to

20  exit steps of queue time control, wherein said equipments are ranked according their
priority, and means of a resource and process constraint database, which is used to check
if said manufacturing equipments are qualified to run a production lot and if said equipment
has production resources required for said lot. Furthermore the system invented comprises

means to determine optimal allowable queue time by running simulation with different



5 al l owabl e queue tinme settings of said production |ots considering
utilization loss and rework required, neans to calculate earliest rel ease
time for production |lots based on said optinal allowable queue tinme and
based on cal cul ated next available time of exit equipnent, and neans to
rel ease and to assign production lots to manufacturing equi pnment. 5 BRI EF
DESCRI PTI ON OF THE DRAW NGS I n the acconpanying drawings formng a materi al
part of this description, there is 10 shown: Fig. | shows the basic

h
' oncnart Sadhed B Mg R RneBbERS _pééﬁ% HohuP R sprsBiepBoultsn et reporg
o T YRS RSl L0 ol S0050 1 b
control. 20 Fig. 4 i|lustrates a flowhart detailing the offline sinulation

to esti @HP‘@GP'H&L@HWW ang psem BN &atialed nexeavaipgle tine of gxit paviegieah and
exanpl e of the sumof utilization |oss percentage plus rework percentage
versus aeasdbirelegaeand o mesignmueduntiondotsitg maudegilidng equipametiét ai | s about
the cal cul ation of next available tine of manufacturing equipnent at exit
stepbof queue tine control.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part of this description, there is

10 shown:
Fig. 1 shows the basic components of the system of present invention.

Fig. 2 illustrates a flowchart depicting a high-level view of method steps for lot order

15 of semiconductor wafers using queue time control.

Fig. 3 shows a flowchart depicting in more details the lot order at gate step of queue

time control.

20 Fig. 4 illustrates a flowchart detailing the offline simulation to estimate the optimal

allowable queue time.

Fig. 5 illustrates an example of the sum of utjlization loss percentage plus rework

percentage versus allowable gqueue time duration.



5 Figs. 7a-c illustrate nore details of the calculation of the earliest

rel ease tinme depending upon different types of queue tinme. DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS 10 The preferred enbodi nents di scl ose net hods
and systens to establish a wafer lot order to control the queue tine, i.e.
the difference between the tinme when a wafer or lot |eaves a process step
and the tinme when it enters the next process step. This control of queue
time involves estimation of optinmal queue tinme based on utilization |oss
and rework 15 percentage. The present invention discloses nethods and
systens to automatically order lots or batches of |lots at gate step of

queue tinme cantrol for equi nt at it step of queue ti .confrol with
the objecti Vg?%fboﬂ?wpﬁrgﬁr cﬁ)&g%?ﬁog%e Gf“@PFa@QPioéﬂ'eF"o@@”a%é'rﬁ%PL step of
gqueue 20 time control represents the point of tinme when a wafer or

| ot/ bat ch | eSASNRCtrRG BYWIPMSHI at exihatep,af quske imst ceiEke time cont r ol
represents the point of tinme when a wafer or |ot/batch enters a next
process step. 7 Fig. 1 shows the basic conponents of the present invention.
Sem conductor wafers are processed through a series of process

st ep8/ t ool s. Figssfak¢ ilivairber mota dethilaofiletdalaudiaticor of thbesdigst tnesse time
steps/tools are indicated in Fig. 1, as e.g. by gatel, exitl, gate2 and
exit2, whi clepamibg upbasitfidrerictyped of g@segionhees as e.g. photolithography,
etching, ion inplantation, 5 diffusion, deposition and etc. These process
steps are perforned e.g. by process tools 100-

DESCRIPTION OF THE PREFERRED EMBODIMENTS
10
The preferred embodiments disclose methods and systems to establish a wafer iot
order to control the queue time, i.e. the difference between the time when a wafer or lot
leaves a process step and the time when it enters the next process step. This control of
gueue time involves estimation of optimal queue time based on utilization loss and rework

15 percentage.

The present invention discloses methods and systems to automatically order lots or
batches of lots at gate step of queue time control for equipment at exit step of queue time
control with the objective of minimizing rework and utilization loss. The gate step of queue

20  time control represents the point of time when a wafer or lot/batch leaves a process tool;
the exit step of queue time control represents the point of time when a wafer or lot/batch

enters a next process step.



102, 110-111, 120 and 130. For the sake of clarity only very few process
tools are shown in the exanple of Fig. 1. Very often nore than one process
tools are provided for one process step as e.g. process tools 100-102 and
110- 111 shown in the exanple of Fig. 1. Very often wafers are grouped into
| ots and processed as lots and, furthernore, eventually, lots of 10 wafers
are grouped into batches and processed by the batch as e.g. in a furnace.
Fig.1 illustrates a preferred enbodi nent of the invention, wherein

decentral i ' contraol units, | and 2. conptrol i n
pairs of azﬁgtggg e%tﬂf'am a%{ﬁ%g@lpgngﬁtgpqﬁh%ﬁgess nﬁgﬁ?p@ n.@r??ﬁggiq%ct@%@é'\g%
powerful PCs or, mniconputers. Fig. sho s exanple a first ir,

Pont ol IPEQCas SR TPNBh ARsTies ! peosrsistomy o8k & st HbmpeceustaorBRidston o,
and 15 exitl with process tool 110-111, and a second pair, controlled _bx
control WFF& PF?Fe%g‘ﬁP%‘P% argyidicaled inFiged| 23 0@ A @ateT reXith gateand ext2. | n
this preferred enbodi nent of the present invention queue tine is _

cont r ol MéticiHeaehe classifietldntocpiegqssisrasod.ggpltaiobthepramhil, etehingstoepgmplatastiong
time constraints. For process steps without tinme constraints queue tine

cont ol difusianpdeppgitiordnd lefc. Shhesk gproee ssredeps 8mopkrfdratedee. g elmy paicegs s 100
control using one control unit 20 only for a manufacturing line as a whole

coul d bdogepi®yed, t20 wed H30AFcruRg&ake e ciaeitt 66l Ve fewasroegs todtndmeadhowm in 1
orders lots at its gate step, which is gatel, i.e. process tools 100-102

in the expspimplefofifig. 1. verybftehdtdrettRafliohBHr&SdshBsR e lopb iRt RS drocess

follow ng process tools 110-111 that are avail able and capable to process

the | ot a{hadLHGS prdceds tdolb 908-102061 H1RIT RINERAIIR G Pe B Fig VR Vet Behf

| ot order of sém conductor
wafers are grouped into {ots and processed as lots and, furthermore, eventually, lots of

10 wafers are grouped into batches and processed by the batch as e.g. in a furnace. Fig.1
iHustrates a preferred embodiment of the invention, wherein decentralized queue time
control units 1 and 2 control queue time between pairs of a gate step and an exit step.
These control units are either powerful PCs or minicomputers. Fig. 1 shows as example a
first pair, controlled by control unit 1, comprising gate1 with process tools 100-102 and

15 exit1 with process tool 110-111, and a second pair, controlled by control unit 2, comprising
gate2 with tool 120 and exit2 with tool 130. In this preferred embodiment of the present
invention queue time is controlied decentrally for each pair of gate step and exit step,
having time constraints. For process steps without time constraints queue time control is
not applied. It should be understood that a central queue time control using one control unit

20 only for a manufacturing line as a whole couid be deployed as well.

A queue time control unit as e.g. control unit 1 orders lots at its gate step, which is

gate1, i.e. process tools 100-102 in the example of Fig. 1, in order to dispatch these



5 wafers using queue tine control. In step 20 all lots or batches of

sem conduct or wafers, conprising several lots, are ranked by a | ot ranking
al gorithmand ordered on a lot list. Step 21 describes the allocation of
equi pnent to the exit step of queue tine control inclusive a ranking of

t he equi pmrent on an equi pment list and in step 22 the equi pnent on top of
the equipnment list is selected. The | ot/batch on top of the lot list is
selected in step 23 follomed 10 by a check of a resource and process

Sl oot oA ol il oy Bol B L OInETAR, BiBhin I e X S MBRERS,

are ava%é ﬁﬂ n a next key step 25 the calculatlon of the opti mal

al | owabl @@ based on utilization |loss and rework percentage is
illustrated. In step 26 the next available tine for the equipnent is
calculated and, finally, in step 27 the lot/batch selected is rel eased 15
and pre-a35|% ed to the equi pnent selected at exit step of the queue tine
control . Fi gFig 2is ablschdieaiaagienistings bighrigvélrview oélod erdsriod semécdructsr der
at gate step of queue tine control. In step 300 all lots, or batches
conpbi siwajerseiadncatiusir imeaoatrohhik stbpbd0 all lods or batcken gf aérg'm:nhdahntor Waterk ot
ranking algorithmof a preferred enbodinent is a conposite rule 20 of

Bot t | eneckndrisiry savieealdotd, Métaukedbi \adot ramking dgbrithin seibidhed bapl lacks. Siep
any other ranking algorithm The algorithmis installed in a Real Tine

Di spat clniBsSHbéete dteatitnh of 8gtipMRNt fGai é)@tdst@;y of HiiSud BhelcBRlkbNBcRkaerd t hm
is received get from MES system as e.g. Info and from pl anni ng i nput

as e.g. rih éfjth%Yé‘dLﬁpﬁﬁbﬁieor@QH e@dfpw%nt'?htaéhd%&@ﬁzh%ﬂé'eagr 1 E)httbﬁ‘o@ihétep

300 creat es a lot list conprising a e produc es walting

at gat e 3L i JURHRd. FheG8Ib4Rh ohaBE BF tiiot HtSs BLRRIAGted 53 FiRwak ¢

10 by a check of a resource and process constraint database in step 24 in order to make sure
that the equipment selected is qualified and resources as e.g. process material, reticles etc.
are available. In a next key step 25 the calculation of the optimal allowable queue time
based on utilization loss and rework percentage is illustrated. in step 26 the next available
time for the equipment is calculated and, finally, in step 27 the lot/batch selected is released

15 and pre-assigned to the equipment selected at exit step of the queue time control.

Fig. 3 is a block diagram depicting in more details the lot order at gate step of queue
time control. In step 300 all lots, or batches comprising several lots, are ranked by a lot-
ranking algorithm. The lot ranking algorithm of a preferred embodiment is a composite rule

20  of Bottleneck Pull ruie and Output Driven rule, but it could be replaced by any other ranking
algorithm. The algorithm is installed in a Real Time Dispatching System. The information
required by this lot ranking algorithm is received get from MES system as e.g. WIP Info and

from planning input as e.g. planned cycle-time and Qutput Plan.



step is a batch process, the lots will be further assigned to batches, and
the batch priority is equal to the highest priory of the |ots that bel ong
to the batch. 5 The equi pnment allocation and ranking al gorithm of step 320
will firstly renove the equipnent that is down or going to undergo
preventive mai ntenance (PM after finishing lots already assigned to it
fromthe queue tine control unit controlling the related exit step of
gueue tinme control. The equi pnent al l ocation and ranking algorithmis
installed in

;atl | ocat i on. al-@'c:irrla?'ﬂ ”\’/B?tf %p%f(ﬂp%%%?@%fe%p Srt‘qef’“ mggrﬁggp (Sl)qrrent

Di spat chi stem and from a MES system The equi pnment all ocati

al gorit Mﬁ&at e aiting pogalesterol %ﬁﬁﬁk‘e VMg ¢androf éélrtiﬁeédly(ﬂlafég@”tﬁ@ éde? et
unit controlling the exit step to different manufacturing process steps 15
based oftamie akdteh prenrsst tedets wib bedughenessaignast tarhatehesy apddhe batep rriorithie
queue tinme control unit is running nultiple process steps. Meanwhile it

al so deequaitndbe highestpikdnyef dife laththaghaiopgdatthabaehch process step. The
nunber of equi pnent allocated for each process step is determned as a
non-$imting exanple by the wafer nove target and available WP. Wafer
nove target is the difference between target downstream WP required to

neet the 20 UHERYLignsdelioaattbrasidiinkgIagbR®ATbHMIED 3@bhﬂn f.adtzgqémbbgmhdvoul d

be possible as well. The equipnent allocation and ranking al gorithm of
step 32@ @bﬁ?eﬁ#%éi id bl§¢vn%fr oﬁ%%ﬁﬂ?d% SBRVeRRGk hiirdtdRad F’M} il
queue ti rre control. In steg 321t equl pnrent at top of € equi prrent li st

i's sel eghedrdsdy Q&glér‘?ébt to ERYNPIE Yueud ime control unit controlling the related exit step of
queue time control. The equipment allocation and ranking algorithm is installed in a
10 Computer Integrated Manufacturing System. The Equipment allocation algorithm receives

the information required from a Real Time Dispatching System and from a MES system.

The equipment allocation algorithm will then allocate equipment via the related
queue time control unit controlling the exit step to different manufacturing process steps
15 based on the wafer move target for each manufacturing process step if the queue time
control unit is running multipte process steps. Meanwhile it also determines the ranking of
the equipment at each process step. The number of equipment allocated for each process
step is determined as a non-limiting example by the wafer move target and available WIP.
Wafer move target is the difference between target downstream WIP required to meet the

20 output target and actual downstream WIP. Other algorithms would be possible as well.

The equipment allocation and ranking algorithm of step 320 creates a list of
equipment assigned to run the exit step of queue time control. in step 321 the equipment at

top of the equipment list is selected as “current” equipment.

10



In step 301 the | ots/batches are selected according to the sequence of the
lot list, i.e. each tinme the equipnent at the exit step with highest
priority is also selected in step 321. Step 310 checks whet her the

equi pnent selected as "current” equipnent is qualified to run 5 the |ot

sel ected and whether it is available. In case the check of step 310 is
positive the process flow of the nmethod invented goes to step 312, wherein
a check is performed whether the nunber of lots in the batch could satisfy
the m ni num batch size requirenment cal cul ated by the batching algorithm 10
program 311. The batching al gorithmuses the information of future lots
arrivals to determn timal batch size to mnimze the average i.tin
Cost . Nor el 11 Sia DLgdRis{HneR e SelectarbareHaga0 S peausticeidt thnltish hce
step happens to be the exit step of queue time, this algorithmw/l| run at
gate st &gcbtimmbegsipmentat tha sxit stepayith highepbrriprity b5 alpp gelertadkinstern8dp 310
is negative, i.e. the equi pnent selected is not qualified to run the

cur r ent Step 338 [chechksowbethert theseqispmanhseiadlied ast ‘harrertl kadiphaniigyaedified to surep
323 in order to check if there is nore equi prent on the equipnent list. In
casebt héhe bheelectsd aiceph8?@r itss peailablarze, i.e. there is nore equi pment on
the equi pnment |ist, the next equipnent of the equipnent list is selected

as "current" equipnment in step 322 and the 20 nmethod fl ow goes to step 310.
In case the check of step 323 is negative, i.e. there is no nore equipnent

on the equi preddsd fhatchebk©f Ble@CRBis oRMVEARS pkeBXibw offiBe PAABES fviehfl i S
resumed with step 300 if another |ot/batch appears at gate step or the

process ghLoy, sfe%%"l??%h&éih ﬁ%@k@ﬁe%rnﬂ&?%eﬁ'{e‘? tHREWumBargestd iRl 1At 8didho
avai labi'llity of "tools of equipnent”™ at exit step.
could satisfy the minimum batch size requirement calculated by the batching algorithm
10 program 311. The batching algorithm uses the information of future lots arrivals to
determine optimal batch size to minimize the average waiting cost. Normally this algorithm

runs at the furnace step, but if the furnace step happens to be the exit step of queue time,

this algorithm will run at gate step of the queue time.

15 in case the result of the check of step 310 is negative, i.e. the equipment selected is
not qualified to run the current lot selected or it is not available, the method flow goes to
step 323 in order to check if there is more equipment on the equipment list. In case the
check of step 323 is positive, i.e. there is more equipment on the equipment list, the next
equipment of the equipment list is selected as “current” equipment in step 322 and the

20  method flow goes to step 310. In case the check of step 323 is negative, i.e. there is no
more equipment on the equipment list; the process flow goes to exit. The process flow is
resumed with step 300 if another lot/batch appears at gate step or the process flow
resumes with step 320 if there are any changes related to availability of tools of equipment

at exit step.
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11 I n case the check of step 312 is negative, i.e. the nunber of lots in
the current batch is snmaller than the m nimum batch size cal cul ated by
bat chi ng al gorithm program 311 the nethod flow goes to step 318, wherein a
check whether there are nore |ots/batches inthe 5 lot |ist created by

step 200 is perforned. In case the check of step 318 is negative, i.e.
there are no nore lots/batches inthe lot list of step 300, the nethod
flow goes to exit. In case there are still lots/batches in this list the

next lot of the lot list is selected as current ot in step 303 and the
met hod fl ow goes to 10 step 310 agai n. Wien both checks of step 310 and

step 312 are 05|t n kK is perfornme r
chetk whet no 67t el o Shp S o1 bepl - renwtggeet Bt Bape Pugen batcs
rel ease of the current Iot/batch If current tine is earlier, there will be
no acti éhsTallehan theminmunbatshisze ealavieies hebateling aprithm prgar%?»&i & 318
and if the check of step 318 is positive the next |ot/batch of the |ot

li st wiinmetbed Jewaanesdo gtercdtd evhereint a checkt whetBesthenel arheareidig@atahewin thid |
go to step 310 again. In case the current time will be in step 313 greater
(1 at &r) ldthishcrehtedday steps200rislpedseme®0 time the current lot/batch will be
rel eased at gate of queue tinme control in step 317. Meanwhile it is also
pre-assigned to the current equipnent selected either in step 321 or in
step 322 at exit of time queue. "PRE-ASSIGN "neans the |ot/batch at gate is

assigned to | bgseeidi dPEBR b Q{fepeﬂd isTlcRRtiRY 8. e Ghe hb &S 1pRIbdteRBNAdhS he
exit yet. This assignment w |
lot list of step 300, the method flow goes to exit. In case there are still lots/batches in this list
the next lot of the lot list is selected as current lot in step 303 and the method flow goes to

10 step 310 again.

When both checks of step 310 and step 312 are positive, a next check is performed
in step 313 in order to check whether the current time is later than the suggested earliest
release of the current lot/batch. If current time is earlier, there will be no action taken on the

15  lot/batch and the method flow will go to step 318 and if the check of step 318 is positive the
next lot/batch of the lot list will be selected as current lot in step 303 and the method flow

will go to step 310 again.

In case the current time will be in step 313 greater (later) than the earliest release
20  time the current lot/batch will be released at gate of queue time control in step 317,
Meanwhile it is also pre-assigned to the current equipment selected either in step 321 or in
step 322 at exit of time queue. “PRE-ASSIGN “means the lot/batch at gate is assigned to

the equipment at exit step even though it has not reached the exit yet. This assignment will

12



not change when | ot/ batch arrives at exit unless the equi pnent accidentally
goes down by then. The earliest release tine is required for input to step
313. Earliest release tinme 5 cal culation consists of 3 main conponents,
nanmely steps 314-316. Step 315 describes an off-line sinulation to
estimate the optimal allowable queue tine, step 316 represents an
algorithmto calculate the next available tine of the "current" equi pnent
based on equi pment run node, raM/process time and nunber of |ots assigned,

and step 314 _des toc culate t rli rel eas
e ue b timd B R RTRat T a8 5 sRTyhBas Bt tofeht Sadiin el boe i 805 fuve
time and next available tine of the exit tool, step 314 calculates the
earl i esth§tl ease tinme for gate step of queue time control. Fi g 4 depicts
nore details of step 315, i.e. the offline sinulation to estimate the
optimal allowable queue tine. In the preferred enbodi mrent of the present
invention 15 described an offline sinulation is perforned by a planner on
a separat e PTheicaniashecleasstimptis oenuitestifot input tot step Bil BaEarigskralaaseddne of t he
capacity of Exit Step. "Ofline" nmeans that a real tinme WP profile is not
used5t o calenidtibe censigtsadfi dmairAtorapbngrits sharméigtsteps 364-al 6.0StepdEIS ddseribgsiah
that it requires the real time WP profile and equi pnent state fed to

si mul at iolinersadialation @o b@tlmb@thé%@fmaﬁaﬂbWQﬂeﬂumbatm&Q‘,t@gﬁ 396 adRrdbbhts N
sinmul ati on experinents for different all e queue tine settings based

on the LapkitisRto EQRLIAIIRL hOR aviNRFO G SAndo¥firerft 8§lipRight BQséH‘gn col I ect
the sinmulation results on utilization | oss percentage and rework
equipment run mode, raw process time and number of lots assigned, and step 314
describes the algorithm to calculate the earliest release time using the outputs of steps 315

10  and 316. Using both allowable queue time and next available time of the exit tool, step 314

calculates the earliest release time for gate step of queue time control.

Fig 4 depicts more details of step 315, i.e. the offline simulation to estimate the
optimal allowable gueue time. In the preferred embodiment of the present invention
15 described an offline simulation is performed by a planner on a separate PC with the
assumption that the lot arrival rate is 100% of the capacity of Exit Step. “Offline” means that
a real time WIP profile is not used to run the simulation. An online simulation is also
possible; just that it requires the real time WIiP profile and equipment state fed to simulation
model.
20
In step 40 an offline simulation program will run simulation experiments for different
allowable queue fime settings based on the tool set configuration, unscheduled down

distribution and collect the simulation results on utilization loss percentage and rework

13



13 percentage. In step 41 the sinulated utilization |oss percentage and
rework percentage as function of each all owable queue tine setting is
collected as shown in Figure 5. Fig. 5 illustrates an exanple of the sum of
utilization | oss percentage plus rework 5 percentage versus allowabl e
gueue tinme duration as result of step 41. In step 42 the optinmal allowable
queue tine will be selected according to the user defined Qbjective
function (weightage of utilization |oss percentage+ wei ghtage rework

Fanct 1 ondreidias lee 46md Attt v AT RSBk chd e bRLSa Trand,

whi ch is determ ned nuf act uri ng and capacit | anni ng.. For _ those
queue t ?W%C%Qf’ ??Cvﬁﬁ%wg/@%ﬂweaW%g%ﬁ’P%d&)?‘ﬁ%ﬁ&%%gﬁﬁ%? i Riguretior k
percentage will be given high weightage in the objective function. For
those queue tinme steps with very tight capacity, the utilization |oss
percentage will be given high weightage in the objective 15 function.

Ret ur ni ng t oFRi.@ ill@stratee pn3x@nyds of tHeesint béutlidatiah dassqreroéntagie phsxework
avai lable tine for each equi pnent based on the remaining process tine for
t he Sur perdentaged batod allawableajuetietiene dmatipn asessuit oistepid1emcitep d/tbat ch
assigned to it. 20 Fig. 6 depicts nore details about step 316, i.e. a

cal cul abbmaphligveadle aualé ableowllipEsddéctedrabEdraficliol the LeaHH SR OBjectvd t st ep
of queue tinme control. In step 600 the equipnment from top of the equi pnent

i st i sngrkies (Reightageof tRbhiiortdl PERRRN AR WBightRRe @Wbrk Berdeftdfept &Y fed

{o block 314.

10 The purpose of the Objective function is to define the trade-off between utilization
loss% and rewaork%, which is determined by Manufacturing and capacity planning. For
those queue time steps, which cannot afford rework percentage, the rework percentage will
be given high weightage in the objective function. For those queue time steps with very tight
capacity, the utilization loss percentage will be given high weightage in the objective

15  function.

Returning to Fig. 3, step 316 describes the calculation of the next available time for
each equipment based on the remaining process time for the current lot/batch, arrival time
and process time of each lot/baich assigned to it.

20

Fig. 6 depicts more details about step 316, i.e. a calculation of next available time of
manufacturing equipment at exit step of queue time control. in step 600 the equipment from
top of the equipment list is selected as “current” equipment and in step 601 the fot/batch

from top of the lot list is selected as “current” lot. In step 604 the arrival time of the “current”

14



fromtop of the lot list is selected as "current” lot. In step 604 the
arrival time of the "current"” 14 lot/batch is conpared with the next

avai lable tine of the "current” equipnent. In case the "current" |ot/batch
arrives earlier than the "current” equi pnment becones avail abl e, the next
available tine of the "current” equipnent will be calculated in step 606 by
increasing the next available tinme of the equi pnent by the raw process
time of the "current” |ot/batch, 5 otherwise, in step 605, the next

avai | abI of the "current" i.D Wi be e arr | i val t me of
next ﬁ‘ﬁ@éﬂﬁ%ﬁ’quoﬁ%pﬁrﬁ‘é“f‘ Ao ERBIRNm o e BuiBHE b B e BT o
t he cal cul atl of the next avajlable tinme of the "current " pment i
ei t her %Lﬂ'"éf‘;f' 6'@?!'36‘10“ e P86 INEALNEt RN SBUPEERAE PoREReS %V%’g‘glﬁ g&“e’ito
In step 607 is a check if there are nore lot/batches on the lot list. If
posi t i v@vailahde fimerof thetcusrentheauipinent will hescajenlataddn step 608 by épreasiog then
step 608 and the nethod fl ow goes again to step 604. In case the check of
st ep 60Tnexieavdileblertirgacs tre equipmenhisy thel revwnpronesetimel dtid tuetengrotlizateine | ot
list, the method flow goes to step 603 in order to check if there is nore
equi prreotheowiset mestep GOBNHRL ndxt st/ailaltﬂe ﬁﬂ&i dgfithe curfentheqtipeent witdrd equel tde
equi pnent list is selected as "current"” equipnent in step 602 and the

met hod &howl geesofa@it P/baict s HalrawByrotBes ikehddhs hamenitnoffbgtch6 for each
equi prent and each | ot/batch assigned to 20 the equipnment the next

avai l able tinme of an equipnent is calculated by conparing the arrival tinme
of each lot/batch with the next available tine of the equi pnent and setting

the avail abphgef I AGGHSH SGh¥ next available time of the “current * equipment in either
step 605 or in step 606 the method flow continues to step 607.
10 In step 607 is a check if there are more lot/batches on the lot list. If positive, the next
lot on the lot list is selected as “current” lot in step 608 and the method flow goes again to

step 604.

In case the check of step 607 results negative, i.e. there is no more a lot/batch on
15 the lot list, the method flow goes to step 603 in order to check if there is more equipment on
the equipment list. If positive, the next equipment on the equipment list is selected as

“current” equipment in step 602 and the method flow goes again to step 601.

By the method shown in Fig. 6 for each equipment and each lot/batch assigned to
20 the equipment the next available time of an equipment is calculated by comparing the
arrival time of each lot/batch with the next available time of the equipment and setting the

available time accordingly.
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15 Figs. 7a-c illustrate nore details of the calculation of the earliest
rel ease time depending upon different types of queue tinme. There are
mainly three types of queue tinme. Fig. 7a describes a type A queue tine.
Fig. 7a indicates the work |list of a gate tool, an exit tool, and

wor k-in-process (WP) waiting for the exit tool. The earliest release tine
(ERT) for 5 type A queue tinme is calculated straightforward using the
equation ERT(A) = NAT-RPT- AQT, wherein NAT represents the next avail able

time for exit..to 2PT.represents.the raw, process tine.of the gate tool
and AQT r epr EWR e USRRE R 8668 BEUe Yalo RGHiES ing BTisst rg e e
characteri zeg_ by havi_#% one all gowabl e queue tine and requiri ng zf-l next .

avai | abl4ePENBINGURONSITTRREL YPEP OhAKGUS HNG. ThereqedPRibsinNEe pes B! gueir tifene.
Fig. 7b indicates the work list of a gate tool, an exit tooll (ET1l) and an
exit todiig27q ggsyribesey Wpp M pueitetine (WNOPTR indicatendhe workelistof qste toql Em pxiand
wor k-i n-process (WP2) waiting for exit tool 2 (ET2). Type B earli est

r el ease iooIpand neddin-processn SiViRRrwaiirg fenthe leab lteolt The coflicsticteaseitime (Edkior
sure the ot will not violate any 15 one of the queue tinme constraints. The

ear | bestypehepree ttinmeis(dERlated striojgdefoRvapdausing thaeedusational cul at ed using the
equation: ERT(B) = nmax(release tine 1, release tine 2), wherein release

time 1 EFN?N) ETAMAT-RRRIAQTAQIT, and 20 release time 2 = NAT(ET2) - AQrI1
-RPT(1) - RPT- AQT( 2),
wherein NAT represents the next available time for exit tool, RPT represents the raw
process time of the gate tool and AQT represents the allowable queue time. Type A queue
type is characterized by having one allowable queue time and requiring a next available
10 time of one step only.
Fig. 7b describes a type B queue time. Fig. 7b indicates the work list of a gate tool,
an exit tool1 (ET1) and an exit tool 2 (ET2), work-in-process (WIP1) waiting for exit tool1
(ET1) and work-in-process (WIP2) waiting for exit tool 2 (ET2). Type B earliest release time
needs {o consider next available time of each exit to make sure the lot will not viclate any
15  one of the queue time constraints. The earliest release time (ERT) for type B queue time is
calculated using the equation:
ERT(B) = max(release time 1, release time 2),
wherein
release time 1 = NAT(ET1) — RPT — AQT1, and
20  release time 2 = NAT(ET2) - AQT1 -RPT(1)-RPT-AQT(2),
wherein NAT(ET1) represents the next available time for exit tool1, NAT(ET2) represents
the next available time for exit tool2, RPT represents the raw process time of the gate tool,

RPT(1) represents the raw process time of exit tool 1, AQT(1) represents the allowable

queue time between gate and exit tool 1, and AQT(2) represents the allowable queue time

16



wherein NAT(ETlI) represents the next available tinme for exit tool 1,
NAT(ET2) represents the next available tine for exit tool 2, RPT represents
the raw process tinme of the gate tool, RPT(1) represents the raw process
time of exit tool 1, AQT(1l) represents the allowable queue tinme between
gate and exit tool 1, and AQI(2) represents the allowable queue tinme 16
between exit tool 1 and exit tool 2. Type B queue type is characterized by
having two allowabl e queue tinme between gate and exit tool 1 and between
exit toql 1 and ereqlrln t he, next avallabepomts
of i e Bt i 1' e ool d oGt et sf%a%&aaﬁ%wefﬂ R gtg oo,
indicates the work list of a gate tool an exit tooll ? and anelt

t ool 2 ( EOYablgfyeyefipe 8@@&%@1%9@? &l PPl an@ Petwygan %bﬂOP 1 epg £yt teid

wor k-in-process (WP2) waiting for exit tool2 SETZ) Type C earliest

r el ease theratore fieeuisng dhecoediavaialie poindy af liae|of twp stepsf  each exit to make
sure the lot will not violate any one of the queue tinme constraints. The
earliest release tine (ERT) for type C queue tine is 10 cal cul ated using
the equation: ERT(C) = max(release tine 1, release tinme 2), wherein

rel eése ti neFig.7d\ddddabéy a-typPT quaA@Ti(rhe, Fin@c inditstas ¢hd ok Bstof NABRIEIR), -
RPT - AQT(2), 15 wherein NAT(ET1) represents the next available tine for

% IT t togh dxit.toDATEET? hnd @Rr&S®andIS (Etrh? W&Khn%‘v‘@éés@t{{f\ﬂmﬂ walta‘n@rfoeéxst toPpl 2,
represents the raw process tine of the gate tool, AQI(1l) represents
the al |l opp) @nguRiR-ik B8 (WBRD) @aliRigdBte Skidbid @at2) .1Ty;?é"é MldL)elease time

needs o consider next available time of each exit to make sure the lot will not violate any
one of the queue time constraints. The earliest release time (ERT) for type C queue time is

10  calculated using the equation:

ERT(C) = max(release time 1, release time 2),
wherein

release time 1 = NAT(ET1) — RPT — AQT(1), and
release time 2 = NAT(ET2) — RPT - AQT(2),

15 wherein NAT(ET1) represents the next available time for exit tool1, NAT(ET2) represents
the next available time for exit tool2, RPT represents the raw process time of the gate tool,
AQT(1) represents the allowable queue time between gate and exit tool 1, and AQT(2)
represents the allowable queue time between gate and exit tool 2. Type C queue type is
characterized by having two allowable queue times between gate and exit tool 1 and

20  between gate and exit tool 2, therefare requiring the next available points of time of two

steps.
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represents the all owabl e queue tinme between gate and exit tool 2. Type C
queue type is characterized by having two al |l owabl e queue tines between
gate and exit tool 1 and 20 between gate and exit tool 2, therefore

requiring the next available points of tinme of two steps. 17 For type B
and C queue tine, earliest release tinme needs to consider next avail able

time of each exit tool to nake sure the ot will not violate any one of the
gueue tinme constraint. 5 The cal culation can be easily extended to handl e

ot her types t he next, ava|I ach it

otep andr: oher SEediabh & aitun O, ESuigBIHRE e ey to ccinfier o] AEalable

pr esent |nvent| on automates the wafer | ot order process at gate step of
queue ti time Arach @4t teapedakerdirerthe defrwil gobviplate éﬁ%?”e%m? AeeHO IR

required to 10 manual ly order lots and reduce the associated utili zatl on
| oss perceBsiraige and rework percentage due to the non-optinmal order of

| ots. Additionally, the offline simulation evaluates different all owable
gueue tinme settings and suggests an optinmal one having the utilization

| oss percentage and rework percentage further reduced. The present

inveBtion iThe chlédigtientard bemasneepichaed as hakdlevathbetpus ef glusae tinunas tndt de
prior art known have any 15 nention of the approach of determ ning

al | owabkie: asaUf allatie thasetesh dkit dtbg @ht oy A BRowAIN¥RKUE BHRER REEis&Bown.
di sclosed in the present invention. Furthernore it should be noted that the

met hods and systens invented are not [imted to be applied to
sem conduct or manufacturing lines, they can be applied to all other

In summary, the present invention automates the wafer lot order process at gate step

of queue time so as to improve manufacturing efficiency, save manpower required to

10  manually order lots and reduce the associated utilization loss percentage and rework
percentage due to the non-optimal order of lots. Additionally, the offline simulation
evaluates different allowable queue time settings and suggests an optimal one having the
utilization loss percentage and rework percentage further reduced. The present invention is
different from the prior art known because since none of the prior art known have any

15 mention of the approach of determining allowable queue time based on utilization and

rework percentage as disclosed in the present invention.

Furthermore it should be noted that the methods and systems invented are not limited
to be applied to semiconductor manufacturing lines, they can be applied to all other

20 manufacturing lines wherein queue time problems have to be considered.

While the invention has been particularly shown and described with reference to the

preferred embodiments thereof, it will be understood by those skilled in the art that various
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20 manufacturing lines wherein queue tinme problens have to be consi dered.
Wil e the invention has been particularly shown and described with
reference to the preferred enbodinments thereof, it will be understood by
those skilled in the art that various 18 changes in formand details may
be made wi thout departing fromthe spirit and scope of the invention. Wat
is clainmed is: 19 Cainms: 1. Anethod to establish a wafer | ot order of a
sem conductor nanufacturing line by controlling queue time of wafer |ots,

SOP L & BRaieS Bt latals hak DR TA%k n b uteriie Pamiba hiriBng Rgpe gt thef

list; (2) allocating equipnent to an exit step of queue tinme control and
ranki ng "84N4oNequi pment according priority on an equi pment list; (3)

sel ecting equi prent having highest priority as current equipnent; 10 (4)
selecting a | ot having highest priority; (5) checking a resource and
process constraint database if said equipnment selected is qualified to run
said | ot sel &¢hadds alainéd isc esources required are avail able and sel ect

anot her equi pnent as current equi pnent fromsaid equipnent list if said
check is negative;
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15 (6) calculating mniml batch size if the equi pnment of said exit step is
a batch tool. (7) determ ning optimal allowable queue tine of said |ot

sel ected based on wutilization |oss and rework percentage; (8) calculating

the earliest release tinme for equi pnment selected; and 20 (9) releasing |ot

selected and assigning it to the equi pnent selected if current time is not
| ater than cal cul ated earliest release tinme otherw se select next |ot on

the lot list and go to step (5), if there are no nore lots on the lot |ist
go to e?‘iﬁt.. 2. The nethod of claiml1 wherein all lots are ranked according
their pridM%y. 20 3. The method of claim2 wherein said priority is

defined using a conposite rule of Bottleneck Pull rule and Qutput Driven
rule. 4. The nethod of claim| wherein said allocation of equipnent is
performed by excluding equipnment being down and equi prent gqinP to
pr event ilveA mathe@irnawtabligh @ waferdpkendey of 8 spaiconducioagaradastyieg ifeby hem 5.
The nmethod of claim 1l wherein said ranking of equipnment is perfornmed using
a waf er mondrotiaggrevanidavhivhitlasworkpiisingthecasgs ofvher ei n sai d waf er nove
target is the difference between target downstream work-in-process
required to neet(1)haniong [t of s@ngehdadtdr aafdialvaitmynsitgatasteposfiauetedingeess.

10 6. The nethod of claim5 wherein an algorithmto performsaid ranking is
install ed ppnteol dranpuéesaid PaR@EILnMIBYfigct uri ng System

(2) allocating equipment to an exit step of queue time control and ranking said
equipment according priority on an equipment list;

(3} selecting equipment having highest priority as current equipment;

10 (4) selecting a lot having highest priority;

(5) checking a resource and process constraint database if said equipment
selected is qualified to run said lot selected and if resources required are available and
select another equipment as current equipment from said equipment list if said check is
negative;

15 (6) calculating minimal batch size if the equipment of said exit step is a batch
tool.

(7) determining optimal allowable queue time of said lot selected based on
utilization loss and rework percentage;

(8) calculating the earliest release time for equipment selected; and

20 (9) releasing lot selected and assigning it to the equipment selected if current

time is not later than calculated earliest release time otherwise select next lot on the lot

list and go to step (5), if there are no more lots on the lot list go to exit.

2. The method of claim 1 wherein all lots are ranked according their priority.
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7. The nethod of claim1 wherein said optinmal allowable queue tine is
determ ned by offline sinmulation. 8 The nethod of claim7 wherein said
offline simulation is performed in different sinulation 15 runs with tine
wi ndow constraint and different allowable queue tinme settings. 9. The

met hod of claim8 wherein sinmulated utilization | oss percentages and rework
percentages are collected for each all owabl e queue tinme setting. 21 10. The
met hod of claim|l wherein said sinulated utilization | oss percentages and
rework percentages are the basis of an user defined objective function to
determ ne said optinmal allowable queue tinme setting. 11. the method of
claim1Q wherein said objective function defines a trade-off between 5

uti | i zatd ohNe BEEGsheldainadavhanaing st PHOTHY I EPfNESEUSIih AQOMROSHR TR ned by
Manuf acturing and capacity planning providing a high weightage for rework
per cent ageBotflereciddierugiend Qutpet Btiegisrulthi ch can not afford rework and
providing a high weightage for utilization |loss for those queue tine steps
with very tight capacity. 12. The nmethod of claim 1l wherein said optinmal

al l owabl e queue tinme is determned by 10 online sinulation. 13. The net hod
of cl ai & I'Phevretieicdiofrddaiin § iwrrersirdaid aiquation 9§ epiphdne s pertbrampui pnemdudibgt es
are fed to online simulation nodel. 14. The nmethod of claim| wherein, if

an exit stejuighefusdify HoWR dril SqbsheRt §3iAG &S BrevidRfife nid@Bnane Aftdr fiighing
assigned to a batch and batch priority is equal to the highest priority of

5 lots already assigned to them.

5. The method of claim 1 wherein said ranking of equipment is performed using a wafer
move target and available work-in-process, wherein said wafer move target is the
difference between target downstream work-in-process required to meet the output

target and actual downstream work-in-process.

10 6. The method of claim 5 wherein an algorithm to perform said ranking is installed in a

Computer Integrated Manufacturing System.

7. The method of claim 1 wherein said optimal allowable queue time is determined by

offline simulation.

8. The method of claim 7 wherein said offline simulation is performed in different simulation

15 runs with time window constraint and different allowable gueue time settings.

9. The method of claim 8 wherein simulated utilization loss percentages and rework

percentages are collected for each allowable queue time setting.
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15 the lots belonging to the batch. 15. The nethod of claim 14 wherein a

batching al gorithm determ nes optinal batch size to mnimze average

wai ting cost using information of future lots arrivals. 22 16. The net hod

of claim1l wherein said calculation of earliest release tine is perforned

using said optimal allowable queue tinme and the result of a cal cul ation of

a next available tine of a equipnent selected. 17. The nethod of claim 16

wherein said calculation of a next available tinme of an 5 equi pnent

sel ected conprises steps of: (1) selecting equi pnment having hi ghest

priority fromsaid equipnment |ist as current equipnent; (2) selecting a
ent | ot omtop of alo ed to said curr

| ot as cuyr f ] _ list gssign ent
equi pner?iﬁ;-hi‘?)"(eﬁ?o%ﬂé@ﬂinh whergin §a| F'”ﬂqﬁﬁ%gdﬁ"'g%‘i% et Perrentagesiaid rgpverk
t han said next available time of current equipment and, if the check is
positive, RRIFERiaAGS AEktheRRsis abareuse dafined adigdivedundion te gigtgsring saidsai d
arrival time of the current ot + raw process tinme of said current |ot,
ot her wi se edimalialigwablet quaws timblsettingne of said current equi pnent = next
avai lable tine of said current equipnent + raw 15 process tine of said
current lot; (4) checking if there are nore lots on said lot lost and, if
positive, selecting next lot on the lot list as current lot and go to step
(3), ot hear mMemetiadtestkd sith 10 wherein said objective function defines a trade-off between
5 utilization loss percentage and rework percentage, which is determined by
Manufacturing and capacity planning providing a high weightage for rework percentage
for those queue time steps which can not afford rework and providing a high weightage

for utilization loss for those queue time steps with very tight capacity.

12. The method of claim 1 wherein said optimal allowable queue time is determined by

10 online simulation.

13. The method of claim 12 wherein real time work-in-process profiles and equipment states

are fed to online simulation model.
14. The method of claim 1 wherein, if an exit step of queue time is a batch process, more
than one lot are assigned to a batch and batch priority is equal to the highest priority of

15 the lots belonging to the batch.

15. The method of claim 14 wherein a batching algorithm determines optimal batch size to

minimize average waiting cost using information of future lots arrivals.
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there are nore equi pnents on said equipnent list and, if positive,

sel ecting next equipnent as current equipnent fromsaid equi pnent |ist and
go to step 20 (2), otherwise go to exit. 18. The nethod of claim 16
wherein, in case only one exit tool has to be considered, the earliest
release tinme is calculated using the equation: 23 earliest release tine =
next available tinme of exit tool - raw process tine of current |ot-

al l owabl e queue tine. 19. The nethod of claim 16 wherein, in case the lots

have to go.to a first exit tool. and, then defined second. exit tpol and
Gueve ¢ BeTREREhoH At QB 1 W RBRr A CHEUR R Of coBarL EieRg ot s parieme?
release tinme is calculated using the equation: ERT = nmax(release tinme 1,
rel ease tiWEn@saidgpdimal gllowableLiieusitifpe and thengseitof a.catgafationsghe neXing
release tinme 2 = NAT gETZ)‘- AQT1 -RPT(1) - RPT-AQI(2), 10 wherein NAT
(ET1) repragdable time ohexquivagntsslested.me for exit tooll, NAT(ET2)
represents the next available tinme for exit tool2, RPT represents the raw

process time of the gate tool, RPT(1l) represents the raw process tine of
exit tool 1, AQI(1l) represents the allowable queue tine between gate and

exit tod. The arthad B dzim 1ewresentsaid tecablionabh eegausabletimbef apen exi t
tool 1 and exit tool 2. 15 20. The nethod of claim 16 wherein, in case the
| ot sshave dfuigifehsbétB8IcotrisES btepsidf; t 0ol or to
(1) selecting equipment having highest priority from said equipment list as
current equipment;
(2) selecting a lot as current lot from top of a lot list assigned to said current
equipment;

10 (3) checking if arrival time of said current lot is later than said next available
time of current equipment and, if the check is positive, defining next available
time of said current equipment = said arrival time of the current lot + raw
process time of said current lot, otherwise defining next available time of said
current equipment = next available time of said current equipment + raw

15 process time of said current lot;

(4) checking if there are more lots on said lot lost and, if positive, selecting
next lot on the lot list as current lot and go to step (3), otherwise, checking if
there are more equipments on said equipment list and, if positive, selecting

next equipment as current equipment from said equipment list and go to step

20 (2), otherwise go to exit.

18. The method of claim 16 wherein, in case only one exit tool has to be considered, the

earliest release time is calculated using the equation:
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a second exit tool and queue tinme constraints exist between gate tool and
both exit tools, the earliest release tinme is cal culated using the
equation: ERT = nax(release tine 1, release tinme 2), wherein 20 rel ease
time 1 = NAT(ET1) - RPT - AQT(1), and release tinme 2 = NAT(ET2) - RPT -
AQT(2), 24 wherein NAT(ET1l) represents the next available tinme for exit
tool 1, NAT(ET2) represents the next available tine for exit tool 2, RPT
represents the raw process tine of the gate tool, AQI(1l) represents the

al | onabl e queue tjne between gate .exit tool 1, and AQI(2) represents
e ar | oveti B delsEse e BorrEav Rl ha ! extioal sgrmroasssime ok SHEERIAL o
claim1 wherein queue tine control is perforned decentrally between each
pair of a Ywable ggeymbmsn exit step having time constraints. 22. The

met hod of claim 1 wherein queue tinme control is perforned centrally by one
control unit for a manufacturing line as a whole. 23. The nethod of claim
1 wherein said assignnent of a lot to an equi pnent selected can 10 be

modi f i ed9i The awthachef dgini péeriteraie| potasd the lotethare & palid a first exitdoalezndt ihep a
until the lot arrives at its exit. 24.A systemto establish a wafer | ot
order of adefaiidoindng et totlaMtiaticueitinge bomsiraints ex@dbetiddmigott wxitdodis nbheof

wafer lots, conprising: neans to create a |list of all production |lots

vai t §ng atedi@str8lcabe B istaRifated using the equation:
ERT = max(release time 1, release time 2),
wherein
release time 1 = NAT(ET1) - RPT — AQT1, and
release time 2 = NAT (ET2) - AQT1 -RPT(1) - RPT-AQT(2),

10 wherein NAT (ET1) represents the next available time for exit tool1, NAT(ETZ2)

represents the next available time for exit tool2, RPT represents the raw process time
of the gate tool, RPT(1) represents the raw process time of exit tool 1, AQT(1)

represents the allowable queue time between gate and exit tool 1, and AQT(2)

represents the allowable queue time between exit tool 1 and exit too! 2.

15 20.The method of claim 16 wherein, in case the lots have to go to either a first exit tool or to
a second exit tool and queue time constraints exist between gate tool and both exit
tools, the earliest release time is calculated using the equation:

ERT = max(release time 1, release time 2),
wherein

20 release time 1 = NAT(ET1) - RPT - AQT(1), and

release time 2 = NAT(ET2) — RPT - AQT(2),
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15 tinme control, wherein said |ots are ranked according their priority;
neans to create a list of all manufacturing equipnments allocated to exit
steps of queue tinme control, wherein said equi pments are ranked according
their priority; neans of a resource and process constraint database, which
is used to check if said manufacturing equipnments are qualified to run a
production lot and if said 20 equi pnent has production resources required
for said lot; 25 neans to determ ne optimal allowabl e queue tinme by running

I h f d i
T oL Ll el L i e e e
earliest release ti or production |ots based on sal ]

ST owabl o TRNGRSHIEBS GRS BIARHCGM S R NItios o rhT resrapenis fas e dsess lime

equi pnrent; and neans to release and to assi %@productl on lots to
manuf act ur PhEegAiPpeeinfQT(Drrepresents theatiorabis dueneltimarhsteeen galenfuexiktool

time control is perfornmed by a conputer 10 decentrally between each pair
of a gate dtapd AT (@hrepxeserds He Howaide gleee tioeshetaean gatsnd Fhiktaoy 8t em of
claim 14 wherein said queue tine control is perfornmed by one conputer
centrally for the sem conductor manufacturing line as a whole. 26

5  21. The method of claim 1 wherein queue time control is performed decentrally between

each pair of a gate step and an exit step having time constraints.

22. The method of claim 1 wherein queue time control is performed centrally by one control

unit for a manufacturing line as a whole.

23.The method of claim 1 wherein said assignment of a lot to an equipment selected can
10 be modified in case the equipment selected is not available in the meantime until the lot

arrives at its exit.

24. A system to establish a wafer lot order of a semiconductor manufacturing line by
controlling queue time of wafer lots, comprising:
means to create a list of all production lots waiting at a gate step of queue
15 time control, wherein said lots are ranked according their priority;
means 1o create a list of all manufacturing equipments allocated to exit steps
of queue time control, wherein said equipments are ranked according their priority;
means of a resource and process constraint database, which is used to check
if sald manufacturing equipments are qualified to run a production lot and if said

20 equipment has production resources required for said lot;
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means to determine optimal allowable gueue time by running simulation with
different allowable queue time settings of said production lots considering utilization
loss and rework required;
means to calculate earliest release time for production lots based on said
5 optimal allowable queue time and based on calculated next available time of exit
equipment; and

means to release and to assign production lots to manufacturing equipment.

25. The system of claim 14 wherein said queue time control is performed by a computer

10 decentrally between each pair of a gate step and an exit step having time constraints.

26. The system of ciaim 14 wherein said queue time control is performed by one computer

centrally for the semiconductor manufacturing line as a whole.

26



