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 acturing, cycle-tinme is a nost critical factor. Cycle-tinme can be

defined as the sum of AN gueue tine
represents the tine dmgﬁf"s"f\é@g‘o@% nfat'{e tlgr'é"\?hlir?nrd-ag}\iaf er or |lot |eaves

a process step and the tine 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 Ilne
20 control methods as e. g. nmanaging the order of wafer lots. In
sem conduct or manufacturing, queue tine (or tinme wndow) control is
commonly inpl emrented bet BROKGROWNDOF THE INYENTI@N queue tine may affect
the materials applied to a sem conductor substrate, as well as electrical
properties of a device being fornmed. The 1 control of queue tine is
i npl emented for known tine-sensitive process steps that are

(1)  Field of the Invention

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 queue 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 infiluenced 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



commonl y di scovered by experinmentation or general know edge of the

manuf acturer (e.g. through experience). Such approach is highly dependent
on the human judgnment and does not take into consideration utilization

| oss and rework percentage. In viewof this, there is a 5 need for a wafer
| ot order nmethod that takes into consideration utilization |oss and rework
percentage for tinme w ndow 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. &g QU?& tifnli §%gl@H@jté‘chdr‘RﬂoﬁHsﬁn?%%éé@ﬂ%é&ﬁe&@ slelpd tR4t b ) ) 10

di scl oSe queu contr Pat ent 470,231 to Yang et al.
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was nmentioned in the ranking algorithmin this EI’I or al y &fgrﬁach 15 of
det er nfefi talse inte copsidatationlutBriiandogrand reveRk nersentags: Gt *?VV?B AnefRds a
rework percentage is not disclosed in this prior _art. U S. Patent (US
7, GR7, 86&d fay sBaates laitordér. method thakiakes info p@eﬁde@y@nwilmoerl% aRh AR ur i ng
process flow determ nes when to begin processing a batch of lots. U S
Pat ent péisehtagmtfortimeWand00so688U578 to Liu et al.) discloses a nmethod and
system for identifying process steps for queue-tine control and 20
abnormality detection. Furthernore there are nore patents in the field of
di spatching wafer lots of a sem conductor manufacturing |ines:
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 fo 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 aliowable 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.)

relates 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:



2 U S Patent (US 7,020,594 to Chacon) proposes an integrated wafer fab
production characterization and scheduling systemincorporating a
manuf act uri ng execution system w th a scheduling system based on

sinmul ation. The integrated characterization/scheduling system provides
manuf acturing with a sinulation tool integrated with the manufacturing 5
execution systemto eval uate proposed production control logic as a
practical alternative to expensive experinentation on actual production

system Furthgr ' ' i t s
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provided for a proactive dispatch systemto i_rr{:érgove | i.ne bal anci ng.. At

| east systemrpsquides Manufanteiirg with@ simstationdadiptesrated mdth the manudaciddng A

| i ne-bal anci ng anal ysis based 15 upon the request is perfornmed. At |east
one seakenmtidn sysienwid evalirte qriopgsed produttioneconiea! logic ag apnacticsl sltersative to
processed. U S. Patent (US 5,818,716 to Chin et al.) discloses a

sem coagitisile arpedintaritatiornen atabl poaiuction system. Futthemnardysimubatidcronodeler
type operation having hundreds of devices and 20 various processes to be

managegre JeedoQfbaR sHRPLformidfatéh SEhatifleloastbsredaliy! mamufdctuding abesdtivns
custoner expectations is a mgjor task. A dispatching algorithm named
Requi ffshrds planned performance goals. Innovative features include integration of preventive
maintenance scheduling, Kanban based WIiP control, an integrated time standard

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

U. 8. 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. S. 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



Turn Rate (RTR)" functions according to the level of current wafers in
process (WP) algorithmrevising the due date for every lot to satisfy the
dermand from Master Production 3 Scheduling (MPS). Further the RTR al gorithm
cal cul ates the RTR of each | ot based on process flowto fulfill the
delivery requirement. The RTR al gorithm determ nes not only due date and
production priority of each lot, but also provides RTR for |ocal

di spatching. The || ocal dispatching systens of each working area dispatch
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accordance with the objects of this invention a nethod to establish a wafer
| ot chodwaxiofizewowipnt anh thashinesrdisétian.uri ng 1ine by control ling queue tine
of wafer |ots has

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



been achi eved. The nethod i nvented conprises conprising the steps of (1)
ranking |l ots of 4 sem conductor wafers waiting at gate step of queue tine
and order said ranked list on a lot list, (2) allocating equipnent to an
exit step of queue time control and ranking said equipnent according
priority on an equipnment list, (3) selecting an equi pnent having highest
priority as current equipnent, and (4) selecting a | ot having highest
priority. The 5 follow ng steps of the nmethod invented are (5) checking a

I €S0Ur £6mRBAJGEBE Rafers g@&trfgaétr&ate defrrdranRubftingébfd BFIErRAR Fanked a6t &fla it

qualifred to run said |lot selected and If resources required are available
and se}gc L | el ypment | i st
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said | ot .sel d based. on utilization .l ng. r.ewor k rcen e, (7)
cal cul SyREerh SRR Etons) an shBlorihiiRh T b «8EbaRnL Aving
finally,, (8) releasing |ot sel ected and assigni it. to the equi ppent
el et Hanbst prlpregas ol Galmment 20 cht seircri & B sekinodias eronyl BB ¢ e
otherwi se select next lot on the lot |ist and go to step (5), if there are
no Sror ©llpwing Yaps atthednethprddrvayded grefd)chetiing @ rggeyea ANdPraress earstraist ect s
of this invention a systemto establish a wafer ot order of a
sem codatabase if saikléquipmenhgeledtad ibqualdiedrtolrun sgiddaksalectedandfif reabaices ot s
has been achieved. The systeminvented conprises, first, nmeans to create a
| i st ofeqaired ape adaitzhi@and stlkechandthegeqhipmegbtie catrent efuipmenifrémmeeidcont r ol
wherein said lots are ranked according their priority, neans to create a
l'ist ogquibmeftnstiifedid Ehék i8Hdgalieel(8) ablepdiiffloptimal allowable queue time of
said lot selected based on utilization loss and rework percentage, (7) calculating the earliest
10 release time for equipment selected; and, finally, (8) 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.

15 in accordance with the objects of this invention a system fo establish a wafer lot
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 produgction 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



20 exit steps of queue tine control, wherein said equi pnents are ranked
according their priority, and neans of a resource and process constraint
dat abase, which is used to check if said manufacturing equi pnents are
qualified to run a production lot and if said equi pment has production
resources required for said lot. Furthernore the systeminvented conprises
nmeans to determ ne optimal allowable queue tine by running sinulation with
different 5 all owabl e queue tine settings of said production |lots
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earliest release tinme tor t 'ots based on said optimal allowable
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shows the basic¢c conponents_of the system of prfesen,t i nvention. Fig. 2

i |1 ustMgaes ioreleangcand o ansigneprodyction ol q mapufaglERIFIUWRIIEYd steps for | ot
order 15 of sem conductor wafers using queue tinme control. Fig. 3 shows a
fl @dwhart depicting in nore details the lot order at gate step of queue
time control. 20 Fig. 4 illustrates a flowhart detailing the offline
sinmulation to estinmate the opti nmal

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

16 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

aliowable queue time.

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

percentage versus allowable queue time duration.



al l owabl e queue time. Fig. 5 illustrates an exanple of the sum of
utilization | oss percentage plus rework percentage versus all owabl e queue
time duration. 6 Fig. 6 depicts nore details about the cal cul ati on of next
avai lable tinme of manufacturing equipnent at exit step of queue tine
control. 5 Figs. 7a-c illustrate nore details of the calculation of the
earliest release tinme depending upon different types of queue tine.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 10 The preferred enbodi nents .

di scl ose nmet hods and systens to establish a wafer ot order to control the
queue tine, i.e. the difference between the tinme when a wafer or | ot

caves o PEREBGHAR AN s A R bR B 5 SRESE°S, LD

This contro s es ion o guele tine based
on utilization |oss. and rework =15 percentage, The present invention
di scl oses nElaHHlf&?LﬁH@ equipraRat "i’@"é&ﬁ%ﬁ’iﬁf%%‘??@mﬁrq?@&ofots or batches of
|l ots at gate step of queue tinme control for equipnment at exit step of queue
time control with the objective of mnimzing rework and utilization |oss.
The gate step of queue 20 time control represents the point of time when a
waffer or | oFigsaiate illusivaie reorerdstaitssofiibe|calculationsfithe saripsioelepsedine | me
control represents the point of tinme when a wafer or |ot/batch

depending upon different fypes of queue time.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
10
The preferred embodiments disclose methods and systems to establish a wafer lot
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
queue 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.



enters a next process step. 7 Fig. | shows the basic conponents of the
present invention. Sem conductor wafers are processed through a series of
process steps/tools. A small nunber out of a nultitude of these process
steps/tools are indicated in Fig. 1, as e.g. by gatel, exitl, gate2 and
exit2, which can be classified into categories as e.g. photolithography,
etching, ion inplantation, 5 diffusion, deposition and etc. These process
steps are perforned e.g. by process tools 100- 102, 110-111, 120 and 130.

For the Sﬁ'@gﬂghoﬁ}sa[{}étrbésﬁrﬁo\‘nrf%ﬁfe\‘lté SNB'RESST ifhRRHidn 25 EmidoAlictoP waldts are

exanpl e of often nore than one process tools are provided for

one process e S e, d. o) 0 - L0t he
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as lots and, furthernore, eventually_.lofs of 10 wafers e_qgrauped J.nat o
bat cheBeh AIOHA5E STUODF AU ISHEH METG | 25 020Y BRted Exith gate2 RAIdE, 2 o
a preferred enbodi nent of the invention, wherein decentralized queue tine
cont r ovhighices be dlassifiedinin categgiesas eigrehstalifRegiapay, reécm‘ngdo'@)ém&aQ'@gB”and
an exit step. These control units are either powerful PCs or

m 16 codiffusionsdeisitiontarshelas Theserepse stepsfare perfpened e«b Myrspeess 1Blscdfr r of
unit 1, conprising gatel with process tools 100-102 and 15 exitl with

pr oces$02,cdi0-111)-120Jandad 8D, & os éremsakepafi clarityamly wérlydew ipyocrssitools anaishoa@n in
conprising gate2 with tool 120 and exit2 with tool 130. In this preferred
embodi fRprdxafiplé BEFRY. A4S &ty oftély Aftré Gartoee rddese tosis ammpravidegidforlene ptacaiss y

for each pair of gate step and exit step, having tinme constraints. For
Pr 0CeSgte3RRSg hrobess tool 0 0-202 ahai 11051 AHSHEA irMBeX@ié of Fig. 1. Very often
wafers are grouped into lots and processed as lots and, furthermore, eventualiy, lots of
10  wafers are grouped into batches and processed by the batch as e.g. in a furnace. Fig.1
illustrates 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 fool 130. In this preferred embodiment of the present
invention queue time is controlled 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 could 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



not applied. It should be understood that a central queue tinme control
using one control unit 20 only for a manufacturing line as a whole could be
depl oyed as well. A queue tinme control unit as e.g. control unit | orders
lots at its gate step, which is gatel, i.e. process tools 100-102 in the
exanple of Fig. 1, in order to dispatch these 8 |ots/batches to foll ow ng
process tools 110-111 that are avail able and capable to process the

| ot s/ batches. Fig. 2 is a block diagramdepicting a high-level view of |ot

q : ! |
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| ot s or Dbatches warl er s, conpri sing severa ots, are

ranked, b I ranking algorithmand ordered on a lot list. Step 21
descri %ngﬁot%@g?é‘qqs

ocation of equipnent to the exit step of queue tine
control inclusive a ranking of the equipnent on an equipnent list and in
step 22 the equi pnment on top of the equipnment list is selected. The

| ot/ batch on top of the lot list is selected in stig 23 f&lovved 0 by a
check of a Figsduls adlegkringsee depicting ahighievehyigw:£fdot erder efsemicondusiofer o
make sure that the equi pnent selected is qualified and resources as e.g.
pr dt e swafens usinglqueuettinee eentealcin step @0 aldoisAshatchas of semiconduigtorivgierss t he
cal cul ation of the optinmal allowable queue tine based on utilization |oss
and r egampriging cevdrabiots, are ranksidrint 2 tbt rankisg efgazithm leadrederedvan & Elliet. Stépre
for the equipnent is calculated and, finally, in step 27 the |ot/batch

sel ect gfldescritRisans etlodationnst dl{u&prﬁéﬁti tgnied ekio stepeofagisuptiong cortral dahakiveg aexi t
step of the queue time control. Fig. 3 is a block diagramdepicting in nore
det ai | gkl drathe @GARIMSH oBdPeqiisment listiMidan step 22 the equipment on top of the
equipment list is selected. The lot/batch on top of the lot fist is selected in step 23 followed
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 ot 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 rule 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 Output Pian.



time control. In step 300 all lots, or batches conprising several lots, are
ranked by a |ot- ranking algorithm The |lot ranking algorithmof a
preferred enbodinent is a conposite rule 20 of Bottleneck Pull rule and

Qut put Driven rule, but it could be replaced by any other ranking
algorithm The algorithmis installed in a Real Tinme D spatching System
The information required by this ot ranking algorithmis received get
fromMES systemas e.g. WP Info and from planning input as e.g. planned
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lot Iist conprising a Ion ot's/ C Iting at gate step
of a queuye .tinme control ranked by this.alqgorithm, |f,t it t | S8
pat oh \BiRItasS AR o gele B L Rt EEhidah ke B Bbotud Pt 4t .
priority is equal to the highest prjiory of th ofs that, bel ong to the
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firstly renmove the equipnent that is down or going to undergo preventive
mai nt egquat &0 {eNpighgstariory of theilelg that kelemng kulhe badeh.gned to it fromthe queue
time control unit controlling the related exit step of queue tinme control.
Thé equi prent al |l ocation and ranking algorithmis installed in a 10
Computer Integrated Manufacturing System The Equi pnent all ocation

al gori t hm reeeeysipmenballdoztion mntiranking lgoriteimfof atep3Z® ol firstierdthoyesthehi ng
System and froma MES system The equi pnent allocation algorithmw | then

al | ocagQuismehPIaRls dvih bhgoing teURbeegsrevéntive maittérince TPM)@ftet figishingy t he
exit step to different manufacturing process steps
lots already assigned to it from the queue time 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 manufaéturing process steps
15  based on the wafer move target for each manufacturing process step if the queue time
control unit is running multiple 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



15 based on the wafer nove target for each manufacturing process step if
the queue time control unit is running nmultiple process steps. Meanwhil e
it also determines the ranking of the equipnent at each process step. The
nunber of equi pnent allocated for each process step is determned as a
non-limting exanple by the wafer nove target and available WP. Wafer
nove target is the difference between target downstream WP required to
neet the 20 output target and actual downstream WP. Qher algorithnms would
be possible as well. The equi pnent allocation and ranking al gorithm of
step 320 creates a list of equipnment assigned to run the exit step of

queue tinme caqp | . i t: J1st
oSl et ednaten 31 MoRBRGHES ol SeibHERRERIM fo BB ch R ITRT 1
sel ected according to the sequence of, the lot |ist., j.e. ach t.i he
equi pnedfth etﬂP%eaS{'Pf"eé‘E @bﬁ\ﬁ%w é?% Wé@th'@ﬁsg Pf'f)?@i I3 a!ﬁossgl%cg?fig} %[8 H?"ﬁt' 5t ep
321. Step 310 checks whether the equipnment sel ected as "cu_rrengt'_' equi pnment
s quasiop 3 eheoks whetharie eauingaan selstothes igvsrartrequibmentls suplliactid Tk
case the check of step 310 is positive the process flow of the nethod

i nvient the loigaiected and ayhether, it istavadiablea check is performed whet her the nunber
of lots in the batch could satisfy the m ni mum batch size requirenent

cal cul ated by the batching algorithm 10 program 311. The batchi ng al gorithm
uses the information of future lots arrivals to determ ne optimal batch

size to m nindage théeheslesfagtep Ba01ts pasities the plocesd flyw olfitre mkthod inbented uns  at
the furnace step, but if the furnace step happens to be the exit step of
queue q4dto step 312, wherein a check is performed whether the number of lots in the batch
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 o 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 resuilt 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.

11



this algorithmw |l run at gate step of the queue tine. 15 In case the
result of the check of step 310 is negative, i.e. the equi pnent selected is
not qualified to run the current lot selected or it is not available, the
nmet hod flow goes to step 323 in order to check if there is nore equi pnent
on the equipnment list. In case the check of step 323 is positive, i.e.
there is nore equi pnent on the equipnent |ist, the next equipnent of the
equi pnent list is selected as "current™ equipnent in step 322 and the 20
met hod fl ow goes to step 310. In case the check of step 323 is negative,
I.e. there is no nore equipnment on the equipnment list; the process flow

goes 10 exi b collSngERages ét{eg%b%s PRGSO b SRR il ] eRRk Batch

| ot/ batch a p Gr process f resunes

oxi 1 Sl T BATEM TRk oigp celbfpiad By oetohud plcGlitiy S AR, =,

lots in the current batch is smaller than the Elnl nmum batc&ﬁl ze
cal cul methwdfowgeeningier 38 Whersip agdieskvaetheriperererpare ipisiajehes ipdhet ep

318, wherein a check whet her there are nore |ots/batches in the 5 lot |ist
cr éat elot list asealpd bycier 200 ig perferdned.n case the check of step 318 is
negative, i.e. there are no nore |ots/batches in the lot list of step 300,
the nethod flow goes to exit. In case there are still l|ots/batches in this
list the next ot of the ot list is selected as current lot in step 303
and the netnashsklthwchecsot step BA89¢ apgdie, agaihere are no more lots/batches in the

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



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 tinme 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 flowwill 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 ot in step
303 and the nethod flow wll go to step 310 again. In case the current
tine tine
the. cupts e PRy Ban B4, ialiEds HoAuidtfe el lalt SoReourtl,

step 3&@. Meanwhile it is also pre-assi gned to the current equi pnent
sel ect either in step 321 or in step 322 at exit of time queue.

"PRE- ASSI GN "neans the |ot/batch at gate is assigned to the equipnent at
exit step even though it has not reached the exit yet. Thi s assignment w ||
12 not change when |ot/batch arrives at exit unless_the equi pnent

acci dent al I%h%;@éﬂieébmw ting ésreapied éaryinpeldto step a13 £ani "'P apadle ed for
input to step 313. Earliest release tinme 5 calculation consists of 3 main
corfponeaicslation censiststaf Sonaiveaumnesis napnay stapsrd ided1& Step Bl Sideseribes an
simulation to estimate the optinal all owabl e queue tine, step 316

repr eseffine @imulatigo to estimate thaloptiva alldvwableexeuatiaid, stdpe316 rapresertdan
"current” equi pnment based on equipnent run node, raw process tinme and

nunber aRbritreh So agleligRehe ME atsiRbiSlithe iane rapemtt dguighent badwad éro cal cul ate
the earliest release tine using the outputs of steps 315

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 aliowable 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 queue 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 simutation is also
‘possible; just that it requires the real time WIP profile and equipment state fed to simulation
model. |
20
In step 40 an offline simulation program will run simulation experiments for different
allowable queue time settings based on the tool set configuration, unscheduled down

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

13



10 and 316. Using both allowabl e queue tine and next available tinme of the
exit tool, step 314 calculates the earliest release tine for gate step of
gueue tine control. Fig 4 depicts nore details of step 315, i.e. the
offline sinulation to estimate the optinmal allowable queue tinme. In the
preferred enbodi nent of the present invention 15 described an offline
sinmulation is perforned by a planner on a separate PC with the assunption
that the lot arrival rate is 100% of the capacity of Exit Step. "Ofline"

means eﬁé}%nqﬁ BeR stéé g tME Ein%tafédbtﬁgi;hétiﬂg{osteE%fc%rft?adélﬂn& Réwsrk ek @ritade adn

online"Srnuldtion 1S al'soO possi ] fequires the real™ tine

WP profile and | nt s fed. & i | ,rggﬁi i Ign step 40 an
of fli n@ngé'%Pg??cgﬂéﬂ%ﬂ%ﬁyéﬁé ﬁmreus%tlir?qr%l ({é‘tﬂ%zgtrrelbg'{%pseri n@hth'&%grd?di fferent

al l owabl e queue tinme settings based on the tool set configuration,
unschedul ed down distribution and collect the sinulation results on

utilization_ | oss percentage and rework 13 percentage. In step 41 the

si mul at ed ulig: BZllstiates s expaplecofithg Suhef yidizatian loss @@Fﬁ%@@%@iusf‘ﬁ‘ﬁ%‘i on of
each al | owabl e queue tine setting is collected as shown in Figure 5. Fig. 5
i | 15ust percestage vexsuspiliowatble fleegetimerduralion aaressif of siep pbrlosternd the us
rework 5 percentage versus all owabl e queue tinme duration as result of step
41. | nogtimal didwabke quaie tirak vill beweldoted)aeccrdingrte the Lisertxdefinet datjectiveccor di ng
to the user defined Objective function (weightage of utilization |oss

per cenfupgion Webightaeeofiutiligitioniess peiceaRige +alsighiede rework percentage), and fed

to block 314.

10 The purpose of the Objective function is to define the trade-off between utilization
loss% and rework%, 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/batch 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 lot/batch

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

14



to block 314. 10 The purpose of the Qbjective function is to define the
trade-off between utilization |o0oss%and rework% which is determ ned by
Manuf acturi ng and capacity planning. For those queue tinme steps, which

cannot afford rework percentage, the rework percentage will be given high
wei ghtage in the objective function. For those queue tine steps with very
tight capacity, the utilization |oss percentage will be given high

wei ghtage in the obj ective 15 function. Returning to Fig. 3, step 316

descri lB@B?t{l]:nqs H}é?nt W 1 néﬂ%vgﬁéléle %ﬁ%&)ﬁ%@cﬁﬁéﬁ” E&’L} Bn’%"f\? in @4 gent

based on e rema ni ng process e current atch, arrival tine
and prpcess,, each | ot [ re
et a1 SazBRn O oFReR capler IR iR ﬁdeq?ﬁ’pﬂéém Bofichin Gudita. fmat
manuf act yr | equi nt at ,exit st .f u ti,ne _co .. In step, 600 the
cqui prYalaplEgiRd o5 e CurRa S %v‘ﬁ-b&qb Tt 9L o0 e by ippfoadirgtng

equi pnent and in step 601 the | ot/batch fromtop of the | ot

sel ect eextayailahle tisig of therequipmentdy the JawHuossss time of W?é‘CB’fre'f‘%@thh ent" 14
| ot/ batch is conpared with the next available tine of the "current”

equ pnetherwise, instep 608, the aext availabletimpaf the urient caipmertrwill hgreauabto
"current" equi pnent becones avail able, the next available tine of the

" cur r eafrivaktime piaskt lot/batch plusatheubatprdcess tirme pf @66 coyrentidotdsdcng t he  next
avai labl e tine of the equipnment by the raw process tinme of the "current™

| ot / bat ch,

After the calculation of the 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 positivg, the next
lot on the lot list is selected as “current” ot 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.

15



5 otherwise, in step 605, the next available tine of the "current”

equi pnent will be equal to arrival tine of next |ot/batch plus the raw
process time of the "current” |ot/batch. After the cal cul ati on of the next
avai lable tinme of the "current " equipnent in either step 605 or in step
606 the nethod flow continues to step 607. 10 In step 607 is a check if
there are nore |lot/batches on the ot list. If positive, the next |[|ot on
the lot list is selected as "current” lot in step 608 and the nmethod fl ow

goes again kg ?5%"@&!‘&?3@%% i tﬁ%%tﬁﬁg%ftigﬁto?ﬂ'né@a?réi%%%'éa%egﬁﬁ&?t ive,

I.e. there 1§ no nore a atch on 1 t list, met hod 11 ow goes

st Seoabund vt Skt SRS on dushislria R e FMETFR s P EPRIRE™T
By 1 ncFiteTRGIPSGHERha P QLo RBre. iin’ & AIEH ok daLe 7 eRaDL AN okl

assigned to 20 the equipnent the next available tinme of an equipnenS I S
cal cul ipob@ngywerrparesrst(MdP) aaitingsor therexiblook dde ¢astieraelersafime (ER ) et
avail able time of the equipnent and setting the available tine

acdor diypglAy quaite thngds calsulated stnaighdiorvard usingdhaieilqgab®n t he cal cul ati on of
the earliest release tinme depending upon different types of queue tine.
Ther e BRE(ARI=MNATIRPEAQY,pes 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 \A?ﬁgté%en? RNATCRDEedeMPhews it angilde tifresfor kit tdadORPT Thsresentsithe raw el ease
t1me or

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 to consider next available time of each exit to make sure the lot will not violate 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
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5 type A queue tine is calculated straightforward using the equation

ERT(A) = NAT-RPT- AQT, wherein NAT represents the next available tine for
exit tool, RPT represents the raw process tine of the gate tool and AQT
represents the allowable queue tinme. Type A queue type is characterized by
havi ng one al |l owabl e queue tinme and requiring a next available 10 tinme of
one step only. Fig. 7b describes a type B queue tine. Fig. 7b indicates the
work list of a gate tool, an exit tooll (ET1) and an exit tool 2 (ET2),

Ko i P o . ‘
(W P2y DelleBfiad od' g 8t tdol3. T 8ol is drfabddioRRE) BV TRE OT000
der ,next a

to consj ail.able ti of  ea It 1.0 o WM not
o ac BlciApd §SenEtRle falivSet ot o, BRE AT e VBN R ide afd Bl bl [P
(ERT) for type B gueue tipe is, calculgted using the equation: ERT(B) =
e ( 1 chEEefere fepuinhg the nextavaibhie BYINTS QB PHMAHERS e tine 1 = NAT(ETL) -
RPT - AQT1, and 20 release tine 2 = NAT(ET2) - AQT1 -RPT(1)-RPT-AQrI(2),
wherein NAT(ET1) represents the next available tinme for exit tool 1,
NAT(ET2) represents the next available time for exit tool2, RPT represents
t héd raw pr deigs ctdeseriles a hypedaneeue dime. FRPT{c indicaprsiherwarkiisbofragatertoeless
time of exit tool 1, AQT(1l) represents the allowable queue tine between
gat e aatlegiktdolt (BT 1)landanteAfidol) (EE2) esekirsposess{(MWIRVBIW aiting) farexit itod 1
(ET1), and work-in-process (WIP2) waiting for exit tool2 (ET2). Type C earliest release time
needs to consider next availabie 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 gueue times between gate and exit tool 1 and

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

steps.
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16 between exit tool 1 and exit tool 2. Type B queue type is characterized
by having two allowable queue tinme between gate and exit tool 1 and
between exit tool 1 and exit tool 2, therefore requiring the next
avai l abl e points of tinme of two steps. 5 Fig. 7c describes a type C queue
time. Fig. 7c indicates the work list of a gate tool, an exit tooll (ET1)
and an exit tool2 (ET2), work-in-process (WP1l) waiting for exit tool
(ET1), and work-in-process (WP2) waiting for exit tool2 (ET2). Type C

ear! 1 est ! S-GA%Ge B Ty crHURAS drfe, SoM s(?f-aeaseé{.mavrfée'dg% BohdidEr rﬁ’éxt%%ﬁbtﬁéit

e an one

constrai nt The rliest rel ea RT), for t ueue Is 10
cal cul HPeQ G@P'ﬁ&xﬁﬁpé‘hﬂﬁk Eﬁﬁ@t:?ﬁl-’g%a ‘%I? %rpe[?tﬁg fuepg ese tinme
2), wherein release tine 1 = NAT(ETl) - RPT - AQI(1), and release tinme 2
= NAT(@fB’»}ramtRPT - AQrT(2), 15 wherein NAT(ET1) represents the next
available tinme for exit tool 1, NAT(ET2) represents the next avail able
time for exit tool2, RPT represents the raw process tine of the gate tool,
AQT(1) represents the allowabl e queue tinme between gate and exit tool 1,
and, AQT( 2The rcajmubdiontcant e easilyomdended icebandie wthdrdypeseol guaue tmd asdong Bsol
2. Type C queue type is characterized by having two all owabl e queue tines

bet we egheditixe adaithbt timelcf@lach exi Gteldate tighteallaibte queuetimt to ask iRkndvrer ef or e
requiring the next available points of tinme of two

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

18



steps. 17 For type B and C queue tine, earliest release tine needs to

consi der next available tinme of each exit tool to nmake sure the lot wll
not violate any one of the queue tine constraint. 5 The cal cul ati on can be
easily extended to handl e other types of queue tine as long as the next
avai lable tine of each exit step and right allowable queue tine to use is
known. In sunmary, the present invention autonmates the wafer |ot order
process at gate step of queue tinme so as to inprove nanufacturing
efficiency, save manpower. requjred to 10 ual.ly ,order lats and red t he
Rssoci ahaesin fPrmANS Aetals Sraebe Bdsuiny) deaRITD ot eihardifeone o fie
non-optimal order of lots. Additionally, the offline sinulation evaluates
di f f er \Yent®M.onabl e queue tine settings and suggests an optimal one having
the wutilization |oss percentage and rework percentage further reduced. The
present inventionis different fromthe prior art known because since none
of the prior art known have any 15 nention of the approach of determ ning
al | owabl e qwihatid claindahised on utilization and rework percentage as

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 |ines, they can be applied to all other 20
manuf acturing |lines wherein queue tinme problens have to be consi dered.
Wil e the invention has been particularly shown and described with
reference to the
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preferred enbodi nents thereof, it will be understood by those skilled in
the art that various 18 changes in formand details nay be made w t hout
departing fromthe spirit and scope of the invention. What is clained is:
19 Cains: 1. Anethod to establish a wafer ot order of a sem conductor
manuf acturing line by controlling queue tine of wafer lots, conprising the
steps of (1) ranking lots of sem conductor wafers waiting at gate step of
gueue tinme 5 control and ordering said ranked lots on a lot list; (2)
al l ocating equi pnent to an exit step of queue tinme control and ranking said
equi pnent according to priority on an equipnent list; (3) selecting
eqU|pnent havi ng highest priority as current eqU|pnent (4) selecting a
| ot hall@fshi ghest priority; 10 (5) checking a resource and process
constraint database if said equipnment selected is qualified to run said
| ot sefech etkthedita establishua waterrelideeds asemiopaidualor enawiactdringline yiot her
equi pnent as current equi pnent fromsaid equipnent list if said check is
negat i ve;confrplliogl queuattinmgohivaiemidts badnoprissng thel stepdhef equi pment of said exit
step is a batch

(1) ranking lots of semiconductor wafers waiting at gate step of queue time

5 control and ordering said ranked lots on a lot list;
(2) allocating equipment to an exit step of queue time control and ranking said
equipment according to priority on an equipment list;

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

(4) selecting a lot having highest priority;

10 (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;

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

15 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 the equipment selected; and

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

20 current time is not later than the calculated earliest release time otherwise select the
next lot on the lot list and go fo step (5), if there are no more lots on the ot list go to

exit.
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15 tool; (7) determning optinmal allowable queue tine of said |ot selected
based on wutilization |oss and rework percentage; (8) calculating the
earliest release tine for the equi pnment selected; and (9) releasing the |ot
sel ected and assigning it to the equi pnent selected if the 20 current time
is not later than the cal cul ated earliest release tinme otherw se select the
next lot on the lot list and go to step (5), if there are no nore |ots on
the lot list go to exit. 20 2. The method of claim| wherein all lots are
ranked according their priority. 3. The method of claim2 wherein said
priority is defined usi ng a conposite rule of Bottleneck Pull rule and

Qut put Driven rule. 4. The nethod of claiml| wherein said allocation of
equi pmént ThemsEha %‘Pﬁ%@!”bi/“@@é?'[]dﬁ”ﬁ@fs %ﬁbﬁrﬁ?@rﬂccﬁ@‘ﬂ@mﬁﬁ/ﬂ'%ﬁﬂ equi pnent
going to preventive maintenance after finishing lots already assigned to
them 5. The nethod of claim1 wherein said ranking of equipnent is
performed using a wafer nove target and avail abl e work-in-process, wherein
sai d waf eFhammethadofgdaim 2 wheeein diafd pricrity s definedarsinga gempodsiim sile @dm

wor k-in-process required to neet the output target and actual downstream
wor k- i n- pBatfessck PBull fﬂr@an@tjmphtc[ﬁn@namm 5 wherein an al gori t hmto perform

said ranking is installed in a
4. The method of claim 1 wherein said allocation of equipment is performed by excluding
equipment being down and equipment going to preventive maintenance after finishing

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.

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

runs with time window constraint and different allowable queue time settings.
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Comput er Integrated Manufacturing System 7. The nethod of claim1 wherein
said optinal allowable queue tinme is determned by offline sinulation. 8.
The nethod of claim7 wherein said offline sinulation is perforned in
different sinmulation runs with tinme wi ndow constraint and different

al l owabl e queue tinme settings. 21 9. The nethod of claim8 wherein
simulated utilization | oss percentages and rework percentages are

coll ected for each all owabl e queue tinme setting. 10. The method of claim9
wherein said sinulated utilization | oss percentages and rework percentages
are the basis of an user defined objective function to determ ne said

optimal allowabl e queue time setting .. The nethod of claim 10 wherein
sai d offj ethe pethasheiGlaim &uherris S&”@'ﬁ@ﬂ’e”‘d'flﬁt'%m&@ﬁm%mﬁ’gqsz%ﬂq WWvakss
percentage and rework percentage, which is determned by Manufacturing and
capaci ty Rsireemiages preosoligctay far magihallewaltie sgeue me salibing per centage for

t hose queue tine steps which can not afford rework and providing a high

wei ghtage 5 for utilization |oss for those queue tinme steps with very tight
capacity. 12. The nethod of claim | wherein said optinal allowable queue

time i q0dHiemestieroftainod Wheecisisald situtted Llizaliba 166 pardesthiges ahdrdwork
wherein real tinme work-in-process profiles and equi pnment states are fed to
online sigastaith§8s BRIk basis of an user defined objective function to determine said

optimal allowable gueue time setting.

11. The method of claim 10 wherein said objective function defines a trade-off between
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

5 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

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 pricrity is equal to the highest priority of

the lots belonging to the batch.
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14. The method of claiml wherein, if an exit step of queue tine is a batch
process, nore than one |ot are assigned to a batch and batch priority is
equal to the highest priority of the lots belonging to the batch. 22 15.
The met hod of claim 14 wherein a batching algorithm determ nes optima

batch size to mnimze average waiting cost using information of future
lots arrivals. 16. The nmethod of claim| wherein said cal culation of
earliest release tine is performed wusing said optinmal allowable queue tine
and the result of a calculation of a next available tine of a equi pnent
selected. 17. The nethod of claim 16 wherein said calculation of a next
avai l abl e tinme of an equipnent selected co ses steps of &}) sel ecting
equi pnﬁﬁtThﬁameH@ng]’@m 14wherein @ Fateing amng‘nmdgtﬁémnqs %tha@ atql sigato

equi pnent; s (2) selecting a lot as current ot fromtop of a lot Iist

assi gned m'mirs'aiecavemgeewaitingqa‘stpmm infgrgnatioheaf Kitniee fofs afriveksal tinme of said
current lot is later than said next available tinme of current equi pnent
and, if the check is positive, defining next available tine of said
current equi pnent = said arrival tinme of the current ot + raw 10 process

time ofesEidimetiddesticliat 1 whichsih saRecdleiiaidmgr aliéstaniabbabih® isipaFforhesai d
current equi pnent = next available tinme of said current equi pnent + raw
using said optimal allowable queue time and the result of a calculation of a next

available time of a equipment selected.

17. The method of claim 16 wherein said calculation of a next available time of an
equipment selected comprises steps of:

(1) selecting equipment having highest priority from said equipment list as
current equipment;

5 (2) selecting a lot as current lot from top of a lot list assigned to said current
equipment;
(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

10 process time of said current lot, otherwise defining next available time of said
current equipment = next available time of said current equipment + raw
process time of said current lot;
(4) checking if there are more lots on said lot list and, if positive, selecting next
lot on the lot list as current lot and go to step (3), otherwise, checking if there

15 are more equipments on said equipment list and, if positive, selecting next
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process tinme of said current lot; (4) checking if there are nore lots on
said lot list and, if positive, selecting next Ilot on the lot list as
current lot and go to step (3), otherwi se, checking if there 15 are nore
equi pnents on said equi pnent list and, if positive, selecting next 23

equi pnment as current equi pnment from said equi pnment list and go to step (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 time is calcul ated
using the equation: earliest release tinme = next available tinme of exit
tool - raw process tine of current lot- allowable queue tinme. 19. The

nmet hod of claim 16 wherein, in case the lots have to go . to a first exit

tool and then a CHEPMRBHASEWHERR} QSkiRMeRidIom saidRRLUIRMeNst BA PriaistRs(29xi st
between both exit tools, the earliest release tine is calculated using the

equation: ERT = othr(wise gadeexitne 1, release tine 2), s wherein rel ease
time 1 = NAT(ET1) - RPT - AQTl, and release tinme 2 = NAT (ET2) - AQT1l
-RPT(1) - RPT - AQT(2), wherein NAT (ET1) represents the next avail abl e
time for exit tooll, NAT(ET2) represents the next available tine for exit
t ool 2, 1BPThe eetiamEof daitrhe Whergln dneaSe lonlEone exit tool has to be considered, the
earliest release time is calculated using the equation:
earliest release time = next available time of exit tool — raw process time of current lot-

allowable queue time.

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

ERT = max(release time 1, release time 2),
5 wherein
release time 1 = NAT(ET1) - RPT -~ AQT1, and
release time 2 = NAT (ET2) - AQT1 -RPT(1) - RPT - AQT(2),
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
10 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 {ool 1 and exit tool 2.
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io of the gate tool, RPT(1l) represents the raw process tinme of exit tool 1,
AQT(1) represents the all owabl e queue tine between gate and exit tool 1,
and AQT(2) represents the allowabl e queue tine between exit tool 1 and
exit tool 2. 24 20. The nethod of claim 16 wherein, in case the |ots have
to go to either a first exit tool or to a second exit tool and queue tine
constraints exist between gate tool and both exit tools, the earliest

rel ease time is calculated using the equation: ERT = nmax(release tine 1,
release time 2), s wherein release time 1 = NAT(ET1) - RPT - AQrI(1), and
release time 2 = NAT(ET2) - RPT - AQI(2), wherein NAT(ET1) represents t he
next available time for exit tool 1, NAT( ETZ%QVrepresents t he nex

avai | aBPelhg methaskofslaim 16 whepsinAptase teloinbave g ineithes adist Sxitigol argoo

the gate tool, AQT(1l) represents the allowabl e queue tine between gate and
exit toola aecmdoexﬁ@plzgnd gpeusstimesonpisaints eusidieivger gata topkanbbolbaxitgat e
and exit tool 2. 21. The nethod of claim| wherein queue tine control is
per f or mredodiscthet eali¢st rblebse Eme is@altufzded usingdhgetgeatidrep and an exit step
having tinme constraints. 22. The nethod of claim1 wherein queue tine

control i gRJe: )gmbas@rttm@m;eléasgmﬁemntrol unit for a manufacturing
| ine as a whol e. The nmethod of claim1l wherein said assignnent of a |ot

to an equiyparhk sel ected can
release time 1 = NAT(ET1) — RPT — AQT(1), and
release time 2 = NAT(ET2) — RPT - AQT(2),
wherein NAT(ET 1) represents the next available time for exit tool 1, NAT(ET2)
represents the next available time for exit tool 2, RPT represents the raw process time
10 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.

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

be modified in case the equipment selected is not available in the meantime until the lot

arrives at its exit.
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be nodified in case the equi pnent selected is not available in the neantine
until the lot arrives at its exit. 25 24. A systemto establish a wafer | ot
order of a sem conductor nmanufacturing line by controlling queue tine of
wafer lots, conprising: neans to create a list of all production |ots
waiting at a gate step of queue tinme control, wherein said |ots are ranked
according their priority; s nmeans to create a list of all manufacturing
equi pnents allocated to exit steps of queue tine control, wherein said
equi pnents are ranked according their priority; neans of a resource and
process constraint database, which is used to check if said manufacturing
equi pnents are qualified to run a production lot and if_said equi pnment has
pr oduc 2fdh sysisauecsiablish @ walgr fadorde of g samicpadysian@anyfaghtrdgdingdyopt i mal

al  owabl e queue tine by running a simulation wth different allowable
queue t i mendetiingrqyeueftineEadtivpies thistdamnprising considering utilization | oss
and rework required; neans to calculate earliest release tine for

production | ots heaedt@oreate d lisbpt ainmodatticwatd waitjng aé atgate siepdfluasad on
cal cul ated next available tinme of exit 15 equipnent; and neans to rel ease

and to asgh@cditref wiidren daid Btd ardankéaatesrdng thekipiortyt .  25. The system
of claim24 wherein said queue tine control is perforned by a conputer
5 means to create a list of all manufacturing equipments allocated to exit steps
of queue time conirol, wherein said equipments are ranked according their priority;
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;

10 means fo determine optimal allowable queue time by running a simulation
with different allowable queue time settings of said production lots considering
utilization loss and rework required;

means to célculate earliest release time for production lots based on said
optimal allowable queue time and based on calculated next available time of exit

15 equipment; and

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

25. The system of claim 24 wherein said queue time control is performed by a computer

decentrally between each pair of a gate step and an exit step having time constraints.
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decentral ly between each pair of a gate step and an exit step having tinme
constraints. 26 26. The system of claim 24 wherein said queue tine control

is perforned by one conputer centrally for the sem conductor nanufacturing
line as a whole. 27

26. The system of claim 24 wherein said queue time control is performed by one

computer centrally for the semiconductor manufacturing line as a whole.
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