; e3eRzkRwf f gdh”~Zi >k6t kTkTcP 1 Method for Controlling Queue Tine Constraints
in a Fabrication F I/Im,mmm,mm CAL FIELD [0001j The present invention
relates generally t nd met hod for operating a nmanufacturing
line, and nore particul+edodoy« t0 a system and net hod for controlling queue
time constraints in a fabrication facility. BACKGROUND (0002] A typical
process in manufacturing the sem conductor integrated circuit requires
hundreds of steps. These steps include several kinds of stages such as

di ffusion, |ithography, etching, ion inplantation, deposition and
sputtering. In these kinds of stages, diffusion and inplantation generally
require |l onger processing tinme than other process stages. O her processes
wi |1 requi r Mdthed forr Gontrolling Quene Time Coustraimts insa Fabpicaties Facilite. g. , t hose
with |l ong processing tinme, can be sinultaneously performed on several wafer
| ot's (Conqﬁﬁhﬁuﬂﬁfﬁiiﬁd to as a "batch"). (0003] In a sem conductor's
processing Tine, several |lots (and/or batches) and many ki nds of products
are put into the processing |ine continuously at the same tinme. Thus, many
ki nds of HBduct Fhapresepijuventiondel#es ssuaraliide yrvpee pedinethedfaropeptingaages in t he
processing flow K But since the processing tinme of each product is different
from each"Bt“rf@a“srmaéveeMﬁmﬁrﬁgarq'fa%ﬂmw%mweéwdmﬁgmll% q¥see g pat ched
into a stage, qof the processing flowis a dispatching problem [0004] As
anot her c8%§?ﬂ@?§fﬁ Fm§6§ﬁ"$$ocesses must be performed within a certain
anount of tine after other processes. For ‘exanple, after a deposition step
a sem conductor wafer can be exposed i r only a limted anount of
time before the quality of the deposﬂ@ﬁ“@@ﬁﬂ@%ﬂMﬁZ filmwll beginto
degrade. EhexldrREuNESt ween processes ed to as the queue tine.

Limits on this tinme can be referred to ad ftteue ti me constraints. [0005] To
control the operatiaon of a Iabricatioa@plant, manuf act urer.s have utilized

queui ng t FRERy  wrivRitp! pracssinapyfactiring the semicopdyctar infegraied CHENt FERHeDr  wai ti ng.
Th th i b tiliz j.m the f .af . deyj | ot
hae ey B bl SRl T S RS By oy
exanpl e, %ecqjhé,gonﬁlg{,%%kgqeg%%ﬂio@dﬁéﬁﬁgﬁg 1§ Bl KA gfrs%g s,ej% CQorld, e bet ween

and
processes. es mean nu

o

on .
pS I N a queui ng

systemin irréﬂﬁlta?ﬁ)t? legr éﬁlgrSB%F&%%@és%%g Itfutélpﬁ]lmgﬁf?eg &&Ees?%/t?éep e()tﬂgr%}'o\é@slsesr ate and

t he mean response~t1 n¥. al'i control s can be

uti | zed ) ehielest Bifodifiine 1 EiaRion, 4816l PEOMEESAnAefocking 21 1

processes. Thi's can be especially 1 nportant for processes at are

sensi tive i, dah BBsimiblfandob@y perBHEedloh SR ef water 1B (cbRmBRY refdleli t0G@Rt rol 1 ed, the
yield quality can be seriously inpacted. For exanple, wafers nmay need to be

scrapped rgatdhiye fil mquality is damaged by exposure to air. [0007] Some
lots may be forced to wait beyond the desired queue tinme due to

lots my . o
ame t ool T3 o A ishicopbioPaHle S Rk AR o St Ja B 00 ) 0
sae dECurTEn ety .. ) can
The saf ot § WS FOMK IR dSesShTRL I Bty Ay MR bR e 1y

demand f Obolis VY Spetaft Bh dHHAE Firf2Rht 1834S SEGhEIR tHe PFde&Bihg AP At bi¥ce tld1€ CUr T Nt
nmet hods, however, "are insufficient to meet the increasing demands of nodem
fabricati gpcés@ifg fihd dfR8ch prddficf s different from each other, determining how many and which

wafers to be dispatched into a stage of the processing flow is a dispatching problem.

[0004] As another consideration, some processes must be performed within a certain
amount of time after other processes. For example, after a deposition step a semiconductor

wafer can be exposed to air for only a limited amount of time before the quality of the deposited
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SUMMARY COF THE | NVENTI ON [ 0008] The present invention includes enbodi nents
t hat overcone several of the disadvantages found in the prior art. In one
aspect, a nultiple processing denmand tinme (MPDT) fornmula is defined using
Little's fornmula. A smart algorithmcontrols the |ot dispatching for queue
time constraints. For a given processi,ng tool with nmultiple queue tine
constraints, the | otdi spatching cont r 8 | ogi ¢ procedure at the tool can
utilize an algorithmto systematically control the nunber of lots

di spatched to any given tool. [0009] In the preferred enbodi nent, the

al gorithm can be perforned using the foll ow ng steps. The queue tine
constraint_to|l erances and toal throughput are initialized for each product.
Next the @ vilkhegin it drawedsiThy tinte RemepnProsesses san tsaciemgdde psdhetrededimeeach
product. The a%ﬂ;e ating % eéf time constraint can then be cal cul ated for
each pr oddHpits ofi fhis thpe Gagpg § };‘J}F’ BRDTEUHPRLOPEREND time is | ess than the
aggregating queue tine constraint for each queue tine limt tool, then any
| ot can beoespl eciTedorol theoyeradaresadtbricdfioh plamy manpfattaerspiacddititedgbevidge gi ven
tool should be further processed. [0010] As a specific exanple, aspects of
t he pr eseteoryrwhichtdegdmwislaproblemsbg dnvolye fuebing oowaiting. Jeese theorddbaicande device. | n
this process, the sem conductor device is processed at a first tool. A nean
pr ocessi nytiliredigpatimizerthe oy obdevices) erdotathatdndluge a pymbes efrdeviessdtorgra devi ce at a
second tool and a queue tinme constraint tolerance can be cal culated for the
sem conduébssatigripribiy. Berexaserle. Lidedommifrar botsedin qaleplatpexpeptaddigle betyaen

sem conduct or devi.ce can then bhe dispatched to the second tool if the nean
processi n§rogsHran it foraulp statpsdhat the mepp qugbernf iabs ing; queningsyem iy the steady e

sem conduct or, dgﬁicgécqgﬁtqig be proc%fﬁed at the second tool and at the
third tooFaeiFeE jo Meppdgot hesatyplyaty pnd themetn espanse §MG ent i on have advant ages
over previously used nethods. For exanple, the preferred enbodi nent

appr oach Inaes]bet fTeensoriigh@balitya padtols canbefutlizet ot liniGMOQR0LtiGaf vaferssg hedul i ng
and di spatching than the safety WP approach. Al so, the preferred

enbodi menprogysgsrafierchrtaimprotesses aBiis opn bet dspecialiylimportand for probessgel thatearg sesitive
constraints for conplex nultiple products. The preferred enbodi nent
approach &xiime|(I5he gepeting afallgt issiof yell qoptolisd, st viskesquatity 6o beseripusly t h si ngl e and
mul tiple queue time constraints. TSMC2002- 0477 BRI EF DESCRI PTI ON OF THE
DRAW NGS [‘WE‘ET- %analp}?owgeréﬂ‘ﬁibwéi‘@bﬁﬁﬁﬁpg‘i 'éﬂ’&iﬁﬁ’(}]q‘ﬁ?f“yt‘h@“]éﬁ@sbé!nt i nvention,
and the advantages thereof, reference is now nmade to the follow ng
descriptiSﬁ?“F%géH'in conjunction with the acconpanyi ng draw ngs, in which:
[0013] Figure 1 is a nodel of a manufacturing line with a single queue tine
constrai n{000ANd [S0Hd}s nkay heiforce ta waitcbeyrmd dle dediredquenetiricadye t insudfidienhe Wi t h

mul tiple queue tinme constraints. TSMC2002- 0477 6
capacity, for example when too many wafers are awaiting the same tool. To minimize this

occurrence, a safety WIP (work in process) can be designed to control the dispatch problem
within a queue time constraint. The safety WIP is used to control the queue WIP level so that the
capacity demand for the WIP level does not exceed the current capacity. The current methods,

however, are insufficient to meet the increasing demands of modern fabrication facilities.
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DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS [ 0015] The neki ng and
using of the presently preferred enbodi nents are discussed in detail bel ow
1t shoul d be appreciated, however, that the present invention provides many
applicable inventive concepts that can be enbodied in a wide variety of
specific contexts. The specific enbodinents di scussed are nerely
illustrative of specific ways to meke 3and use the i nvention, and do not
limt the scope of the invention. [0016] The present invention wll be
described with respect to preferred enbodinments in a specific context,
nanely a sem conductor fabrication facility (a main business of the
assignee). The invention nmay al so be applied, however, to other

manuf act uSPNYBMARY OF THEJY fOMxanpl e, the facility could produce itens
such as el ectronics, consuner goods, chem cal products, nedical products
and ot her goood] 001 The pridsehtifvesumiitcided iibodimemnthbtabrodme bgverdl Ofhé ry, wafers are
fabricated by sequentially perform ng processes often using different

t ool s. Thdisadvantagesfowskin the pricrexsts &sone aspedr mfifde prockssing damartdhigeqMEDE) t | Ne.
Limts on this time can be referred to as queue tinme constraints. Queue

ti ne consformbiissiefined usingbigafymule. Assant algoriilam gantrbls the laydispadhingdori n pr ogr ess.
A queue tinme constraint limts the queue tine of a lot of wafers froma

gi ven pr oqesys timg coneninte dioc aigiveh niespasing taohwitipmuitiple queusimhconfteaintpitha bot-t | ne
constraint, the wafers are processed at the dedicated process within the
speci f i ed dipatahingicprixol logis pregdutelalthe topl cgp ptilize an algasifim fosyrtamatiently entrolool s,

t hose processed wafers are very sensitive to the exposing time before the
downst r eatheprbs slots dispatehpd fofany gigendopdue time of a lot is not well
controlled, it may seriously inpact the lot yield quality. For exanple,

waf ers nmayoobs ScClaghpp@fetréd dnibdditneht|he)algdrithiny canfbe péreormat 18ing tHeddlobagn danaged
when exposed in the air for too long a tinme. Thus, a goal of certain

aspect s oftepsh &he queesitimovnstmint lecaaces hnd tbgl tigoughpuo hre iritinliepdeforeeath preluctonst r ai nt s
so that the nunber of |ots processed in TSMC2002- 0477 an amount of tine
gr eat er t MNaxt thereultipleprecessingalemand tivie can bri aaiculatdd fopedoh produsyy Thiaiagerepatile hel ps to
mnimze the nunber of wafers that need to be reworked or scrapped.

Ther ef or e quaup Eme panstaaing lsanrfhenrbg cal cwlatesh frrcpagheprerigte Hghauultiple preessing demand ot s
before the queue tinme start tool is to be processed so that they can not be
over queudmgisiess than the acggesating queusdims senstraies for epehotuere timedimifiieqkdheniapse
constraint nodel can be classified as two main npdels: a single queue tine
const r ai ntotS§Hdestledtadse be Riorstied. (Fthiswise therprogdpeipkthe giyrn toph shopld\he fusthef 'si ngl e
gueue tine _constraint has one queue tinme constraint between two processing
steps. |t PI%®fYdes one queue time-start step 20 at tool al and one queue
tinme-end step 22 at tool ai, as shown in Figure 1. Wen wafers 10 and 12
are procef®td at Aslaspegific axanpienispestspf the presqnt pgentioriean headsed to fabricathe queue
tinme-end step 22 shoul d be processed within the given queue tinme constraint
t ol er ance semiepypuci dpvice; [l this progese dhersemigersueier dgvigrippreeessed pteafirstiool. it is free
of queue tine constraints (e.g., the tine necessary before a further step

i s per f or fRSen precepsyigglempnd g campberraleulpred fonthe esnHeondugtor fvice pirpeemd fogl t he
preferred epbodi nent, tools a, and az are separate tools that perform

di f f er ent AT copspintiplarangecan besalculated g’bg'f’ genieonductos AeyigebpyEendbtanber and

tool az a |ithography.tool .. .ln another exanple, .tqol al. could b via etch
br oceasi nd= PP ARG Hish Pol Tt Saig ety ok daiie £ i s e S Bectrontiolool - 1
ot her exanp| e he t.00 | d. i fferent.. hi, N hat .performthe sane
Funct i on. TaheReanpiiEestBEachefilindts RS e bR IRSIARE Tnb nBREBLT o
tools coulyd;Re.ShapESr Jséyati'th@s?%t)m&ﬁaﬁ@'ﬁmert‘lﬁrdtéoqozj'] I'n sem conduct or
manuf act uri ng processes, a single queue tine constraint nodel can be
further divided into two types. The first type includes a single queue tine
const r ai nfo%#lt hon}ia"?qﬁtaaa%ﬁﬁ%ﬁréesgm pyentior R3ve adyapfages gver previpystysed at ed i n
Figure 1, includes two consecutive steps with single queue tine constraint.
The queue MefREs: SRLFXamRlf thegprefereed qmbediment anpraachas ketigr ropirol capabilify dordot

TSMC2002- 0477 time-start step. As an exanple, the queue tinme constraint
bet ween t he cl®BMC28@R@p77and t he furnace step is typical of this nodel.



(0022] Anot her type of nodel includes a single queue tine constraint with
internmedi ate steps. Not including the queue tine-start and queue tine-end
steps, the process within the constraint includes sone internedi ate steps
(not shown). Exanples of these internedi ate steps could include nmeasurenent
steps (e.g., critical dinension neasuuenents), i nspection steps (e.g.,

i nspections after etching), or others.” (0023] Figure 2 illustrates a nodel
with rmultiple queue tine constraints. This nodel includes a set of steps
with a single queue tinme constraint. As shown in Figure 2, the queue
tinme-end step at tool a2 is also the queue tine-start step for the next

si ngl e queue %ine constraint. That is, a queue tine constraint exists

bet ween st@pWlingand dispasening fhan thesately WIheppoathepiso.3he prgfefred gmbedifgenty ocess wit h
t he consecutive eue, tipe constraints, starting fromthe first queue

i - st ar PRy cad §e sty utlized g Fomeh Ry e P PTHER o5 ARRISH TRRLe RS of ¢ he

| ast queue, tinme-end,.step 28 is conpleted. Hepce, t WP (work in process)
w hi ORI E e B v SRR PRy SHEdiearabmsreatiny "contr ot e
so that t r i cannot happen due to insufficient
capacity gﬁﬁg¥ﬁﬁyﬁﬁﬁﬂﬁﬁg?ae?§ﬁ§g& or a conpl ex sen conduct or manufacturing
foundry, it is a very difficult job to control the operation problemwth
the nultiple queue tine constraints. (0024] The discussion will now
describe a first enbodi mrent queue tinme |imt dispatching control approach.
Table 1 shows the notation for all WP that include queue tinme constraints.
TSMC2002- 0477 9 Table 1 1(a)ln-processing WP at tool aQQa)WP in the
gueue before tool aWa)Qa) + |I(a)PT(a)The processing tine at tool
a,L(a)Processing rate (e.g., WP per hour) at tool aQT(a,b)Queue tine
constraint tolerance between tool a and tool bQa, b) Total queue WP from
tool ato tool b, excluding Qa) and I(b) [0025] The first case to be
considered is the case of dispatching with a single queue tine constraint
at the queue tine-start tool. As shown in Rigure |, the dispatching rule
for all lots at tool a~ with single queue tinme constraint should consider
the | oadi ng of tool az and the queue between tool al and tool a2 when tool
a~ is available for processing. If the loading at tool az is over the
capacity provided by tool a2, any lot or wafer at tool a, should not be
further processed because sone lots may wait | onger than the queue tine
constraint limt due to insufficient capacity for current |oading. In other
wor ds, whether or not one |lot at tool a~ can be processed will strongly
depend on the current |l oading at tool az. [0026] Currently, the use of a
safety WP (SW Ilevel is the nost conmmon approach to control the | oading
degree between two queue tine-constraint steps. In this approach, new
wafers are not introduced to the relevant portion of the systemif they
will cause the WP to TSMC2002- 0477
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10 exceed the safety WP level. The safety WP level S Wbetween two tools
al and al can be is defined as SWal.az) _ ~(az) x QI (at~ az) Eg~ (1)
[0027] If the current queue WP Qal, az) within a constraint is | ess than
the safety WP |l evel, the capacity provided by tool az will satisfy the
capacity demand for all lots in the cqgrent gqueue a~, a2) within the

gi ven queue tine-constraint tolerance.” Thus, the ot with the highest
priority, which is waiting at tool a,, can be first selected as the
candidate lot to be processed. herwi se, the tool a2 should be stopped to
process any | ot queuing at tool al. The safety WP approach seens to be
reasonabl e and effective for solving the queue tine control problemwth a
single qu%éEEPﬁ%C%‘BF'&N%FEHE SHowever, the current saf ety WP
approach has at least three main problens. First, it does not clearly

desi gn t hgoosaf et Yot iRord nalepletelinddbeamding of the peesdnt imeentiod, elidxhe & aritapes var i ous
products. Also, the safety WP approach cannot effectively solve the gqueue
t i me- consttlregiof) refgrerab isarw matid to tiei fbHosvirglescriptionsiglgnit sonfuactipn withttie per hour) .
Further, the approach cannot be extended to solve the real operation

pr obl ens Arohpanyingidpawings iewhiclt:i ne constraints. [0029] To solve at | east
sone of the above problens, the |oading of tool az can be viewed as the

nul ti pl e Rpgoes ess iFairEERAddd bOORMBIBErilg 1FE witYERlgle §leud @R cofdrali@an@ 1l | Ot's
in Qa,,az). Under different throughputs for various products i, MDPT can

be expres as DI(a2)=ErQ (al.a .(2).a f. fa2) where Ozal,az) is the
queue W P??%g'?] pr ﬁh’ﬁetzaif 2‘%"?“1%{‘1{?%’&%%%‘8’{% lﬁl,g “)‘tt’ F‘@&'ip%é)‘guﬁé‘f"ﬁé@ﬁ%‘%l s a, and
az. TSMC2002- 0477 11 [0030] Hence, the dispatching rule at tool al wll
consider the relationship between the nmultiple demand processing tinme and
the queue tinme tol erance of each product. A general dispatching rule for
queue tine limt control is defined as follows. Rule 1. If MPDT(a2) < QTI,
(al,az), then any lot with product i at tool al will be selected as the
candidate lot to be processed. [0031] Rule 1 inplies that tool a~ has the
remai ni ng capacity for product i under the queue tine constraints. So, sone
product i satisfying Rule 1 can be continuously processed at the queue
time-start tool. If no product can satisfy Rule 1, it is suggested that
tool a f discontinue processing due to insufficient capacity for the
current queue time constraints. [0032] Rule 1 can be re-phrased to specify
t hree possi ble cases for dispatching control rules at tool a~: (1) if MPDT
< QrI;, then product i can be processed; (2) if MPDT > Max { QI; } then tool
a~shoul d be stopped; and (3) if MPDT < Mn { QI; } then any |lot awaiting
processing at tool al can be dispatched. [0033] The discussion will now
consider the case of dispatching with nultiple queue tine constraints at
the queue tinme-start tool. It is a conplex problemto determ ne whether or
not to dispatch a particular |ot when a queue tinme-start tool operates
under nultiple queue tine constraints. As shown in Figure 2, tool al not
only checks the queue tine constraint QI(a~, az) but also checks all
consecutive queue time constraints QI(a,, a~) for j =2, 3, ... n. In other
words, the capacity demand for all WP at the consecutive queue
time-constraint tools nust be verified and checked based on the comng WP
for all queue tinme-constraint tools.
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constrain
Q (al ~
(4) k=a~+
Based on
satisfy t

j <_n Eq.
d as: /-t AQT,, (a,,a~)=~Qrl, (ak_,, ak) +~PT, (ak) Eq. (6) k=2 k=2

y | ot at tool al that satisfies Eq (5) can be selected as the
ot with the highest priority

cal cul ate
[ 0036] An
candi dat e
fromall
sunmmary,

par anet er

0477 12 [0034] In the simlar approach with single queue tine

t, the MPDT between a, and a~ can be obtai ned by MPDT(al, a-~)
a') Eq. (3) i ~t (aj) where aJ aJ_i Q ~ana2)= ~Q-(k)+ ~I|(k) Eq~
1 k=a~+1 for each WP group i with queue time constraints. [0035]

MPDT definition and cal cul ation, the | ot dispatching policy should

he foll ow ng conditions: MPDT(a~, a~ < AQT, (a~, a~ for al
(5) where the aggregate queue tinme AQI for a product i i

| ot to bhe ocessed. Fur

DETAER BESCR TH%OBéLquSrT%TbY%EM?QPH“ENW ool al. [0037] |

J
s

n

1<

an algorithmto control the dispatching policy of the given tool
with nmul tigohs qudhembkingandmsisg sfahetirserntly pebfdred epledintents fatel disowysed ibliegil 1:
Initialize and setup the relative throughput and queue tine constraint

delpwr tebavhl terappteridted, howEBNERD G2 -pl4entinvention provides many applicable
inventive concepts that can be embodied in a wide variety of specific contexts. The specific
embodiments discussed are merely illustrative of specific ways to make and use the invention,

and do not limit the scope of the invention,

[0016] The present invention will be described with respect to preferred embodiments in a
specific context, namely a semiconductor fabrication facility (a main business of the assignee).
The invention may also be applied, however, to other manufacturing facilities. For example, the
facility could produce items such as electronics, consumer goods, chemical products, medical

products and others.

[0017] In the semiconductor manufacturing industry, wafers are fabricated by sequentially
performing processes often using different tools. The time between processes can be referred to
as the queue time. Limits on this time can be referred to as queue time constraints. Queue time
constraints are necessary to assure the quality of wafers in progress. A queue time constraint
limits the queue time of a lot of wafers from a given process to the dedicated downstream
process. With the queue time constraint, the wafers are processed at the dedicated process within
the specified queue time. Especially for some critical processes or tools, those processed wafers

are very sensitive to the exposing time before the downstream process.

[0018] If the queue time of a lot is not well controlled, it may seriously impact the lot yield
quality. For example, wafers may be scrapped if the film quality of the wafers has been
damaged when exposed in the air for too long a time. Thus, a goal of certain aspects of the

invention is to carefully control the queue time constraints so that the number of lots processed in
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13 Step 2: Calculate the overall MPDT for each product i, as shown in Eqg.
(3) and Eq. (4). Step 3: Calculate the aggregating queue tinme constraint
tol erance (AQT) as Eq. (6) for each product i. Step 4: If Eg. (5) is
satisfied, any | ot being product i can be selected for processing;

ot herwi se, the given tool should be s%ppped to process product i. [0038]
The probl em of queue tine dispatching 'can be nodified to control for batch
processing tools. Batch processes, e.g., furnace processes, are a type of
process that is performed sinultaneously on nore than one |ot. The
processing time for a batch is typically |longer than the processing tine

f or ot her serialfprocesseg. hn addition, the. xinunxlog si ze shoul d be
def i ned f &% amougtqflime eregigkihan thg queyg tpe cam be minpmizede Ariewing this seabhelpsde e s sed

t th in. batch. [0Q39] Th ti f h 1 an b

doscr i bed TDHE FBRURGR BV I ERURRY BRSPS 11TE B IIEBCE must be
f d f f ..L. igh .t .at . T f

Compl ot | ng eV pESpRa bl Bme oo il et e B B B R

const rai niy,} gLELARGS. b GATPLSL § dLIGe UGS RY 0CesS. In other words, the

cl ean process i s e gue I mestar or the furnace process. On the
other hand, the queue tinme-end tool is the furnace process. |t can be

under st oof%hat Theqyews tingsonyiastwadel ¢ag be plassified #dve Apingnodelgialsinglt conbi ni ng
queue tinme limt with batch process. In this _case, the dispatch of a lot to
the cl eanfpfye HeFonstring prd 'E‘HH@? fHepe HIRRCOpsiRgtsy Sh‘iﬁ‘%b%h LT WSS hat  wi | |
ur nace ﬁyocess. %3OAOL The queue

make up the batch process in the

tinme-lim f°’l§1”§?}§?sc‘ﬁ‘f’ AYFUE Bt ?QS’F"*‘&BIB?‘%FEF.W‘? OgeRRNZFHBY I MEIPds O Y8 t hm i s
used for the queue.tine-start tool. The approach is justified en the
queue ¢ nimes s 2R 4 e o8 e R AR A R0 PRI et her or ot
capaci Ly Sfeh Safiib sy AR SRk S BT (R SaRE e albe <P on 1 ul'c

capacity of ~dowistreamto a genera

for each qrnﬁgg(} %&%‘C)Z?ghérweb%l’pa%ys&hwﬁlﬂp{”% éi\éeg E&L% ttl{;l@ songi!(lja%{?olérlu{zF fo%i‘&,r ol status

of the appli ative too acl s dynam cal’l y updat ed

based on tNgushrad bt apRELss SibPdaURat islHe0 ldue ke tURUEink (B thd dfhd cCoONtrol is
a very key point for assuring wafer quality during fab processing. The

control  ahgQsshd befofeAQurttdr 18PN pePlornied s | Sugh ikt bd d¥héerndli RitRY at us and t ool
capacity under real-time conditions and give the relative tools the

real -tine trol deci sion. wever .. the,conput at.i onal, effort .pecessary to
ool ze T IRA | D BE Rt ot hols e Fobb i R e S fiE o Y
results faqr e tj limt di tchin ont.ral nb t ed ery ten
or S:‘J i ff eegunrcﬁ%glﬁ?lgosr ,e ’I‘%n leséc())‘.)l_ ﬁm% egﬁ_r P/%l_rn s? arél})epr%rr“} t§§liaéa§tg§%?ﬂ?i§fqoloﬁgca% be
substit ut %tﬁe%xa[n?ﬁ, HA%, cduld B a%ﬁ&%&ch?ﬁ:tcésﬁﬂ% Gld Eot]fazﬁ iPHH bt%%&t .
requi renents are i nconvenient. e fina utput of “the proposed al gorithm

can be a Liigtichhg f810/n SRS eRnPRS, thd18d1s SRIA bR GRtteEnRhiH&Gha pQforR the WS her or
not a tool can process certain product lots (by technology) in a certain

stage. [ O@helionfe.5 P06 dbpositiGchambeEs. U ydt BitotheP EmidbinRnt B toolichlld Rdphe .
described. In this exanple, the output of a dispatch utilizing queue tine
limt di spahiahishgleaatdite0l provides a |list of queue tinestart tools,
technol ogi es, stages, and go/no go decisions for queue tine-start tools.
[0043] Ta 2 ' i fi X how, . i.thns
descr i bed Weie o hipkoRhGtt AR RRRf riceBi RIS a s URYMIRLPRER W T, ¢

the first . ' . . '
€ TITst ¢ ﬁJﬁHMw? 8o twaﬁ)lrng S ﬁE:]SIt %ep@%l@{e% a Ign(s?é?é (gf@ﬁe t oﬁ&%ﬂt ﬁﬂ{ogtu p (or

stage within a tool or equl prent assunmed that there are no

tine constfi@hnbise Ahs! Phivhiets2ad illsBPMIFiLuRE, RERGSE $eE@n@butivBGepitvaht t o0l .
The second col um shows the queue time imf tools. The exanple of Table 2
shows fi vgingie guaptilebonsthfit CTHel giBue GitidShd Hp the nddbrodeNif WP RE RO qlea®! s, €. 9.,
i nspections or neasurenments, that do not affect the queue tine constraints
are not listed individually (but are included in the tol erances and
processing time). TSMC2002- 0477

TSMC2002-0477



15 [0044] The queue tine (QI) tolerance and processing tinme (PT) for each
of three technol ogies (Tech 1, Tech 2 and Tech 3) are listed in the next
colums. The QI tol erance and processing tine paraneters are obtained from
t he product technol ogy routes and, as denonstrated in the tables, can vary
for different process flows. In the eﬁfnple of a sem conductor foundry, the
t echnol ogi es coul d be based upon the nimum feature sizes (e.g., 150 nm
180 nmor 250 nnm) or product tine (e.g., logic, nenory or other). [0045]
The final colums provide the aggregate queue tine tolerance AQIl. These
nunbers can be cal cul ated based upon the QI tol eranace and processing tine

as shown in Eguation 6 above. Once again, .the AQr will typically vary for
Gach pr o JBE SHH S5P oRRESHR the R 413 Cegplrait R ETLS Goan s eR AT b

Tol erance T a",a"+Praocessing Tinme PT aAggregate Queue Tinme A T
a~,a"TooIfggpfg%ﬁhf$3%ﬂm%#ech 3Tech 1Tech 2Tech 3Tech 1Tech 2Tech
3a6812a88811 16812a, a8882. 52. 52. 5151721a88811125. 527. 531. 5as34. 536. 540. 5

[ 0046] ThdooRAf or rawothentygsrod miodkd ihcludes Tainkle qeue time grmstrainit Witk enternediateet er mi ne
which lots, if any, can be dispatched. For exanple, if the nultiple

pr ocessi ngtepe Mghicluding:thp e tme-stesband gueue §me-gueteps.dheBocesstvathindel y | ot s with
an aggregate queue tine (Aﬁﬁ)_qreater than 18 can be processed. Referring
to Tabl e Zonstraiptdnglydss sops inteymediaigytieps {nopthoy e Exanriesef theehntrmedigesieps where 15
is the AQT f%r Tﬁgg 1 2 and technologx Tech 2 ( 18> 17, where 17 is the AQT
for 18L) SAYdinglufropeagem !

ent steps (e.g., critical dimension measurements), inspection steps (e.g.,

inspections after etching), or others.

[0023] Figure 2 illustrates a model with multiple queue time constraints. This model
includes a set of steps with a single queue time constraint. As shown in Figure 2, the queue
time-end step at tool a; is also the queue time-start step for the next single queue time constraint.
That is, a queue time constraint exists between steps 20 and 22 and also between steps 22 and 26.
The process with the consecutive queue time constraints starting from the first queue time-start
step 20 will be continuously limited until the process of the last queue time-end step 28 is
completed. Hence, the WIP (work in process) within the multiple queue time constraints should
be effectively controlled so that the over queue time events cannot happen due to insufficient
capacity and limited operations. For a complex semiconductor manufacturing foundry, it is a

very difficult job to control the operation problem with the multiple queue time constraints.

[0024] The discussion will now describe a first embodiment queue time limit dispatching

control approach. Table 1 shows the notation for all WIP that include queue time constraints.
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processed at tool a2 at that noment. TSMC2002- 0477 |s [0047] Table 3
illustrates how the MPDT can be cal cul ated. The exanpl e shows the

cal cul ati on between four different pairs of tools. In this case, the total
MPDT (columm | abeled "MPDT Sunt') is calculated as the sumof the MPDT for
each of the three technol ogies. The cg{ culation of the MPDT is derived from
Equation 2 (or Equation 3), which is based on the total queue WP Q and the
capacity [err] of each tool a". The total queue WP (Q (start, limt)) can
be cal cul ated by aggregating the queue WP fromthe start to the limt
tools as shown in Equation 4. Table 3 QI- startQr- Limt MPDTMPDTTot al
Queue WP start |imtCapacityTool Tool Sunfech 1Tech 2Tech 3Tech 1Tech 2Tech
3Tech 1Tech 2Tech Table 1

3a, az0. 420. 270. 0750. 0752707575100010001000a3a, 0. 470. 270. 1250. 07527012575100
010001000asas0. |I@H0. (aAProddssidgWi4 1dd] §100010001000a~as_ 0. 425_

0. 12501 0. 2125100 _

Xa) WIP in the queue before tool a

Wa | Q@)+1la)

PI(a) | The processing time at tool a

Aa) Processing rate (e.g., WIP per hour) at tool a

OT(a,b) | Queue time constraint tolerance between tool g and tool b

Xa,b) | Total queue WIP from tool a to tool b, excluding Q(a) and I(d)

[0025] The first case to be considered is the case of dispatching with a single queue time
constraint at the queue time-start tool. As shown in Figure 1, the dispatching rule for all lots at
tool @; with single queue time constraint should consider the loading of tool a; and the queue
between tool a; and tool &, when tool g is available for processing. If the loading at tool a; is
over the capacity provided by tool as, any lot or wafer at tool a; should not be further processed
because some lots may wait longer than the queue time constraint limit due to insufficient
capacity for current loading. In other words, whether or not one lot at tool a; can be processed

will strongly depend on the current loading at tool a;.

[0026] Currently, the use of a safety WIP (SW) level is the most common approach to
control the loading degree between two queue time-constraint steps. In this approach, new

wafers are not introduced to the relevant portion of the system if they will cause the WIP to
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200100010001000~ Total - -~_1.64~ 0.69 ~0.5 - - ~0.45~ -1 - |- [0048 The
capacity for tool a" should be unified. For exanple, the factory m ght
include a nunber of nachines that performthe process of a tool. In that
case, the throughput [err] of the recipe for each lot at that tool will be
the total of the throughput of all to&L For exanple, if five of the sane
machi nes performa given function, the throughput will be 5 x WPH at
each rel ative processi ng nachi ne. \Wen sone machi nes are not avail able, the
rel ative capacity should be changed to the avail abl e nunber of the
corresponding tools. In the above exanple if one tool is not avail abl e,
then the throughput will be reduced to X WPH. [0049] The scope of the
present aﬁ’fSquégtﬁa@h’ WE lewst Tha safeiy 3dP ie&elw betwiae &P togds @984 frrpn Peifl ar

enbodi ments, of the process, machi ne, manufacture, conposition of matter,
means, mef$HBedasand steps described in the specification. As one of ordlnary
skill in the art will readily appreciate TSMC2002- 0477 17 fromthe

di scl osure of theWiaesPprii(dNvenld@n) processe&g,(lmachi nes, nmanufacture,
conpositions of matter, neans, methods, or steps, presently existing or

%?E?revéogf?ﬁ%f oot e a5 REP b@é[ﬁzf#' B *f‘ bRy ¥ Sl Gl B o0 O
escr bec 01l IR MG bSO ASRRE AL, KARaREFRERE o BUBBROT.

Accordi ng are |n 0 I nclude w

e oL GFAE B TS B BRI A g T e

priority, which is waiting at tool ay, can be first selected as the candidate lot to be processed.
Otherwise, the tool a; should be stopped to process any lot queuing at tool @;. The safety WIP
approach seems to be reasonable and effective for solving the queue time control problem with a

single queue time constraint.

fo028) However, the current safety WIP approach has at least three main problems. First, it
does not clearly design the safety WIP under different queue time tolerances for various
products. Also, the safety WIP approach cannot effectively solve the queue time-constraint
problems with different throughputs (e.g., WIP per hour). Further, the approach cannot be

extended to solve the real operation problems with multiple queue time constraints.

[0029] To solve at least some of the above problems, the loading of tool a; can be viewed as
the multiple processing demand processing time (MPDT) at tool a; for all lots in Q(a1,47). Under
different throughputs for various products i, MDPT can be expressed as

O/(a1.a2)

MPDT =
(02) Zz Py (az)

Eq.(2)

where Qfay,a,) is the queue WIP for product i with throughput 4; (recipe) between tools a; and

a.
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A nmethod for determ ning which, if any, of a plurality of products should
be introduced to a manufacturing system the nmethod conpri sing:
initializing a relative throughput and a queue tine constraint paraneter
for each product of the plurality of products; calculating an overall nean
processing demand tine for each prodqu; cal cul ati ng an aggregati ng queue
time constraint tolerance for each product; and determ ning which, if any,
product can be introduced to the manufacturing system by 10 conparing the
mean processing demand tinme to the aggregati ng queue tine constraint. 2.
The nethod of claim1 wherein a product can be introduced to the

manuf acturing systemif the nmean processing demand tine is less than the

aggr egat i BB ueubence the dipachipg st toglgn will cppsiderthe Friatiopshipbetyiesh the wherein it
is determ ned that no pr.oduct oul d he introduced to, the manyfacturing
Syt em | { TP Pt PrRRRD. it o 5 Rt HPE LR M Y BRBYs | ng. denand
time is | ess, than.the aqggregat.n ue ti constraint. 4. The nethod of
claim1l \Aﬁ'«sﬁatecls“r’?g (r:ugﬁ }émuae?%h"éeqlém]{n%)gtﬁgbsr Sc?:néeéi salsnﬁ’glglo‘glsénand time conprises 20

cal culating a mean processing demand time between two tools wherein the
mean processi ng Bulednd MR <@ . ainthen anylles withpraduds i gneDF(will b)) i s

determ ned by the fornmula Q (at~a~) MPDT (a> > a~) - ~ ~,i (a~)
TSMC2002- 0477 19 whepdecied as theganilidate loptobe proessssiing rate for product i at
tool a, and where @ ~amaz~= ~, Q-(k)+ p~. ~~(k)

[0031) Rule 1 implies that tool 4, has the remaining capacity for product i under the queue

time constraints. So, some product i satisfying Rule 1 can be continuously processed at the
queue time-start tool. If no product can satisfy Rule 1, it is suggested that tool a; discontinue

processing due to insufficient capacity for the current queue time constraints.

[0032] Rule 1 can be re-phrased to specify three possible cases for dispatching control rules

at tool a;:
(1) if MPDT < QT;, then product / can be processed;
(2) if MPDT > Max { QT; } then tool a;should be stopped; and
(3) if MPDT <Min { QT; } then any lot awaiting processing at tool a; can be
dispatched.
[0033] The discussion will now consider the case of dispatching with multiple queue time

constraints at the queue time-start tool. It is a complex problem to determine whether or not to
dispatch a particular lot when a queue time-start tool operates under multiple queue time
constraints. As shown in Figure 2, tool a; not only checks the queue time constraint 07(a;, a2)
but also checks all consecutive queue time constraints QT(ay, ) for j=2, 3, ... n. In other
words, the capacity demand for all WIP at the consecutive queue time-constraint tools must be

verified and checked based on the coming WIP for all queue time-constraint tools.
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k=a, +1 k=ai +1 where Q{k) is the work in process for product i in a queue
before tool k and I,(k) is the work in process of product i at tool k. 5 5.
"The method of claim 1l wherein the aggregating queue tinme is cal cul ated by
the formula j j-1 QI ~ (al ~ a~) _ ~ QT; (ak-1 ~ ak) + E PT,; (ak) k=2 k=2
Wwhere QT,{a, b) is the queue tine constraint tol erance between tool a and
tool b for product i and wherein PT,{& is the processing tine at tool a
for product i. 10 6. The method of claim 1l wherein the manufacturing system
conprises a portion of a manufacturing system 7. The nethod of claim®6
wherein the manufacturing systemconprises a tool in a 15 sem conductor
waf er manufacturing system 8. The nethod of claim 1l wherein determ ning
which, if [ prlbgnélem'eraqﬁpmchmfﬂlrswalaaweE@Prﬁ?rﬁtsae@, iV BPRPHYVERY antiidch, i f
any, product can he processed at a first tool, wherein the nmean processing
demand tiﬁ@mpiegn?ﬂﬂévion of a queue tine constraint between the first tool
and a 20 second tool. TSMC2002-0477 20 9. The nethod of claim8 wherein
t he mean processing demand tion@,e9 al so function of a queue tinme constraint
p M?%, Op@.ap ) q

bet ween the first fmahﬁ=§‘ﬁﬁgﬁﬁ'tool

where

Ofava)= Y0M+ Y10 Eq. (4

for each WIP group i with queue time constraints.

[0035] Based on MPDT definition and calculation, the lot dispatching policy should satisfy

the following conditions:
MPDT(a)a) < AQT\(a;,a) forallj, 1<j<n Eq. (5)

where the aggregate queue time AQT for a product i is calculated as:

J Jj-1
AQT(a,a)) =Y 0T (a,,a,)+ ) PT,(a,) Eq. (6)
k=2

k=2

[o036] Any lot at tool a, that satisfies Eq. (5) can be selected as the candidate lot to be
processed. Further, the lot with the highest priority from all candidate lots can be first processed

at tool a;.

[0037] In summary, an algorithm to control the dispatching policy of the given tool with

multiple queue time constraints is developed as follows:

Step 1: Initialize and setup the relative throughput and queue time constraint

parameters for each product 7.
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10. The method of claim@8 wherein the nean processing denmand tinme is also a
function of a 5 queue tinme constraint between the second tool and a third
tool. TSMC2002- 0477 21 11. A nethod of making a sem conductor device,

t he net hod conprising: processing the sem conductor device at a first tool;
cal cul ating a nean processi ng demand gne for the sem conductor device at a
second tool; 5 calculating a queue tine constraint tolerance for the

sem conduct or device between the second tool and a third tool; dispatching
t he sem conductor device to the second tool if the mean processing demand
time is less than the queue tine constraint; processing the sem conductor

device at the segond taoo):. and 10 pr sing the sem conductor device at
the third tool . %P Thgahﬁ'?tﬁgﬁ°6‘fralEM§ﬁﬁ%fa°gr?Eng“iﬁf’taﬁ%‘PWEB‘rﬁﬂr€3§@§ if the
mean processi ng geggﬂd time is greater than the queue tinme constraint then
hol di ng the sem ¢8nductor device until the mean processing demand tine is

| ess than the queue tinme constraint. 15 13. The nethod of claim1 I wherein
processi ng t he sé&ipdondalsulate thiaggregating quetedimeaonstreinttololancs ¢AQT) as&g. deposi ti ng
a layer on the sem conductor device in a deposition chanber. 14. The net hod
of claim13 wher & forgrdeeduitig t he sem conduct or device at the third tool

Step 4: IfEq. (5) is satisfied, any lot being product i can be selected for

processing; otherwise, the given tool should be stopped to process product i.

[0038] The problem of queue time dispatching can be modified to control for batch
processing tools. Batch processes, e.g., furnace processes, are a type of process that is performed
simultaneously on more than one lot. The processing time for a batch is typically longer than the
processing time for other serial processes. In addition, the maximum lot size should be defined

for a batch. Those lots with the same recipes can be processed together in one batch.

[0039] The operation of a batch process can be described with reference to an example.
Generally, a clean process must be performed before a furnace (i.e., high temperature) process.
Those wafers completing the clean process should be limited within a queue time constraint
tolerance to complete the furnace process. In other words, the clean process is the queue time-
start tool for the furnace process. On the other hand, the queue time-end tool is the furnace
process. It can be understood that the furnace process is the dispatching model of combining
queue time limit with batch process. In this case, the dispatch of a lot to the cleaning tool should

consider the time to process other lots that will make up the batch process in the furnace process.

[0040] The queue time-limit dispatching control approach in the above-noted algorithm is
used for the queue time-start tool. The approach is justified when the queue time-start tool with

queue time constraints determines whether or not to process the next waiting lot based on the
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20 conprises etching the layer. 15. The nethod of claim 11l wherein

cal cul ating a nean processing demand tinme conprises cal culating a nean
‘processi ng demand tinme between the second tool and the third tool wherein
TSMC2002- 0477 22 the nean processing denand time (MPDT) is determ ned by
the formula MPDT (1st _ tool, 2nd F Q| st tool , 2nd _ tool )
(2nd _tool) where QIst tool, 2nd too ? S based on the nunber of

sem conduct or devices that have been processed at the first tool and are
awai ting processing at the second tool and wherein ,(2nd tool) 5 is the
processing rate for the sem conductor device at the second tool. 16. The
met hod of claim 11 wherein dispatching the sem conductor device includes

sel ect i ng™PHESERICEL ARSI IRl E‘e‘?"F’dYﬁh%ul%PW“ﬁ?l dﬁ‘éﬂ‘i’%]ﬁ’lcﬁ‘ﬁéﬁ%‘r devi ces
awai tin roc ssi i the s 10 17 Ia|n111 and
furt her ~cO Lﬂeg &?tfbé@gldﬁgecgﬂs e L S e Bt
after proce con evi.ce nd tooI but before

at
pr ocessi n&e a?lﬁ%tos Sh a"%‘&&am“’ e“{Pl %t% ﬁfedoﬁéhetr??;'ﬁlae ° W15 18. The nethod of

claim 17 wherein cesslng t he sem conduct or deV|ce at a fourth tool
conpri sesthsur iFEmlme tineeslerpit epnisol dyvavestiter point forassyfing Wefergpplity durida fabor

devi ce. TSMC2002- 0477
processing. The control algorithm should monitor the queue time limit WIP status and tool

capacity under real-time conditions and give the relative tools the real-time control decision.
However, the computational effort necessary to realize real-time monitoring can be very large.

In general, decision results for queue time limit dispatching control can be updated every ten or
fifteen minutes, or so. In other words, a periodic computation can be substituted for the real-time
application when the computational requirements are inconvenient. The final output of the
proposed algorithm can be a list of tool decisions that can provide a decision on whether or not a

tool can process certain product lots (by technology) in a certain stage.

[0042) A specific example of the use of a tool will now be described. In this example, the
output of a dispatch utilizing queue time limit dispatching control provides a list of queue time-

start tools, technologies, stages, and go/no go decisions for queue time-start tools.

[0043] Tables 2 and 3 provide specific examples of how the algorithms described here can
be implemented in a process. Referring first to Table 2, the first column shows the queue-time
start tool or equipment group (or stage within a tool or equipment group). It is assumed that
there are no time constraints as to when a lot should be processed at the start tool. The second
column shows the queue time limit tools. The example of Table 2 shows five sequential queue
time constraints. Any intervening tools, e.g., inspections or measurements, that do not affect the
queue time constraints are not listed individually (but are included in the tolerances and

processing time).
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A AN AN Y. A LA CALANLAD LAAAA AAAAAAAASA&ATD 4?7@XELN T (
~ysni d*YSU] ca] cal] ca] ca] ca] cal] ca] cal] ca] cal] ca] ca] ca] ca] ca] cal] ca] cal] ca] c
ay caU] cal ca] ca] ca] caU] ca] calU] ca] cal ca]c:a 5<unSZ

vITH'I "##%yt o) e ZUU] ] cal] ca] ca] ca] ca] ca] cal] ca] cal] ca] cal] ca] cal] ca] ca] ca] c
a] cal] ca] caU] caj ca] caU] ca] cal ca] ca] cal{] cal caU] ca] ca

PEPPIRELEEE ' 3" 6' c' ' ((C)) **v***- 4, /] O}er ga\We ZUU] ]] ca] caU] ca] cal] ca] ¢
aU] ca] ca] ca] ca] ca] ca] cal] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] cal] ca] caV]c
a] caV] caV] caOOOOOOOO( 1) 1alh11111111111®&x22

3nB3+44444| w mhc] X] e ZUU] ]1]1caU] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caV]ca] caV]c
a) caV] caj c%ca] caV] ca] ca V] ca] caV] ca] caV] cal)] ca] ca445r 5555, 6/ 63666K6
k6s6z666 $0088sFgdde queye t1m9 QS[‘)]FoleLrance and processing time {PT) for each of three

e ke s e e

savioo] ca%I(’e%%E%fﬁam%ﬁ'cai el pe AR Rk ARk aayhe ol cavl cal call cal
VlctaV] Ca]dgrﬁﬁﬂs&zﬁ%d in f‘aﬁé@c%%f?ﬁé@&?m@%%ﬁh&&ﬁéwt nib\Wg e U

] ca] caV] ca

V1 o"a caleait aakoavhaal sokhiabadl £ak sPGAGR ML Al RGN aRM eal cal cal ca]

EEY&E5ESEEE} FFFFN H J. IMEMUMz uUO| caU] cal] cal]
Ca] ca] ca] qa) £ 18ahmal m]rﬁﬁkpﬁw&?dm&%lgﬁ%&m&akgaw ca] ca] ca] caV] ca] caV

] ca] cal] ca] ca

Jcal ca] Eﬁq%%aq P S B P e CE B M Ok ES1 98] AR AR BIRRD c o] chUj ¢

aJcalca] calca

Z]ZZT][ W ]Z[ f%“b‘(%“@@\“ﬁ“f‘] Yasggupamthe QT toleranace and progestife, e as hwndR BfveliRh ¢ a ca] cha] ca
V] ca] caV] ¢ C cal cal calca] ca] ca] ca]caV]ca
]caU] ca] CagA ce aLam ]the%&lc ;lﬁyﬂ aﬂ;' arJrF Lacﬁq) Ql'igl or oce:Js?pr.

c ko " Uaabxbbc"cweccb5dFdl dYfj fnfffgeggghmhhtii-jfjkzupkfalW]]ca]ca]ca]ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca]ca] ca]calca
Ul ca] ca] c*a] ca! kdk6k: k<kf kpkkkkkkkkkkkkkl I Al ZINTul ITl1111~xsnhc] XSzupkf]ca
] caV] ca] caV] ca] ca] caV] ca] caV] ca] caUTed¥xa
UV] caV] ca] caV] ca] caV] cal] caV] ca] ca] ca] ca\/] ca

V] c*a] caV]a] ca} ca @]aleﬂimﬁwm@m N2y | gb] XSz
upkf]ca] g a Ical ]_ca.]_ca.]fca alcaV]c
a]oca]U] c}a\ ﬁ%i’i ]cig%a‘v %?"h LA FesiA e ek ag degh Joav]
q192q95qqrir br r 7SS TRttt UUUiy YV {VVVY Lu i d_ZIkg']cd scatravith] caV] ca
a; a; 8 8 8 2.5 2.5 2.5 15 17 21
ay 8 8 8 1 1 1 25.5 27.5 31.5
as 34.5 365 [405
[0046] The information provided in Table 2 can be utilized to determine which lots, if any,

can be dispatched. For example, if the multiple processing demand time MPDT at tool a; is
equal to 18, then only lots with an aggregate queue time (AQT) greater than 18 can be processed.
Referring to Table 2, this implies that lots from technology Tech 1 (18>15, where 15 is the AQT
for Tech 1) and technology Tech 2 (18>17, where 17 is the AQT for 18L) should not be

processed at tool a; at that moment.
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V] cMaV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca
]ca] ca] ca

‘WWLXxxxxyt yyDzRzkt nt t ut uuuHvYv\ vvvvvvwDww| uoj d_Zkf ] ca] ] ca] caV] ca] caV] ca

V] cMaV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca
.JcalcaV]ca] 4cDz10%& ()-10%& ()-P %Z () -!

10%b& () -L10%& ()- 10%& () - &4 @XE[\

10bb! ~510%b&’ () - MA10%& () - PF(109%&' ()- F(10%& () - 10%& ()-F

10%& ()-F\]~"! gH 10bb! ~$ 10%& ()-F 10%0&% ()-gP 10%0& () -

10%&' ()-s10%&% ()- 10bb 10bb5bC 10bb! & 10%0& ()- 109%0& ()-:P 109 ()-

109% & ()- 100 100 .
[0047] Table 3 illustrates how the MPDT can be calculated. The example shows the

calculation between four different pairs of tools. In this case, the total MPDT (column labeled
"MPDT Sum") is calculated as the sum of the MPDT for each of the three technologies. The
calculation of the MPDT is derived from Equation 2 (or Equation 3), which is based on the total
queue WIP Q and the capacity A of each tool a,. The total queue WIP (Q (start, limit)) can be

calculated by aggregating the queue WIP from the start to the limit tools as shown in Equation 4.

Table 3
QT- QT- MPDT Total Queue WIP Capacity
start Limit MPDT Q(start, limit) A
Tool Tool Sum Techl | Tech2 | Tech3 | Tech1 | Tech2 | Tech3 | Tech1 | Tech2 | Tech 3
a; a; 0.42 0.27 0.075 0.075 | 270 75 75 1000 1000 1000
as aq 0.47 0.27 0.125 10.075 | 270 125 75 1000 1000 1000
ds ds 0.325 0.025 0.2 0.1 25 200 100 1000 1000 1000
az Qs 0.425 0.125 0.1 0.2 125 100 200 1000 1000 1000
Total 1.64 0.69 0.5 0.45

[0048] The capacity for tool a, should be unified. For example, the factory might include a
number of machines that perform the process of a tool. In that case, the throughput A of the
recipe for each lot at that tool will be the total of the throughput of all tools. For example, if five
of the same machines perform a given function, then the throughput will be 5 x WPH at each
relative processing machine. When some machines are not available, the relative capacity should
be changed to the available number of the corresponding tools. In the above example, if one tool

is not available, then the throughput will be reduced to 4 x WPH.

[0049] The scope of the present application is not intended to be limited to the particular
embodiments of the process, machine, manufacture, composition of matter, means, methods and

steps described in the specification. As one of ordinary skill in the art will readily appreciate
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from the disclosure of the present invention, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to be developed, that perform
substantially the same function or achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to the present invention. Accordingly,
the appended claims are intended to include within their scope such processes, machines,

manufacture, compositions of matter, means, methods, or steps.
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WHAT IS CLAIMED IS:

1. A method for determining which, if any, of a plurality of products should be

introduced to a manufacturing system, the method comprising:

5 initializing a relative throughput and a queue time constraint parameter for each product
of the plurality of products;
calculating an overall mean processing demand time for each product;
calculating an aggregating queue time constraint tolerance for each product; and
determining which, if any, product can be introduced to the manufacturing system by

10  comparing the mean processing demand time to the aggregating queue time constraint.

2. The method of claim 1 wherein a product can be introduced to the manufacturing system

if the mean processing demand time is less than the aggregating queue time constraint.

15 3. The method of claim 1 wherein it is determined that no product should be introduced to
the manufacturing system if no product meets the condition where the mean processing demand

time is less than the aggregating queue time constraint.

4. The method of claim | wherein calculating a mean processing demand time comprises
20 calculating a mean processing demand time between two tools wherein the mean processing

demand time between two tools @ and 5 (MPDT(q, b)) is determined by the formula

Q,(a1say)
MPDT(g1,a,) =220
(ar-a)=2 A1(a,)
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20

19

where A, (a) is the processing rate for product / at tool a, and where

olara)= S 0®+ LK)
k

=a;+1 k=a, +1

where Q%) is the work in process for product i in a queue before tool k and 1,(k) is the work in

process of product i at tool k.

5. The method of claim 1 wherein the aggregating queue time is calculated by the formula
J J-1
OT (ar;a)) = kZZQT {ak-1,a0) + kZZPT dar)

where OT{a,b) is the queue time constraint tolerance between tool @ and tool & for product i and

wherein PTi(a) is the processing time at tool a for product ;.

6. The method of claim 1 wherein the manufacturing system comprises a portion of a
manufacturing system.
7. The method of claim 6 wherein the manufacturing system comprises a tool in a

semiconductor wafer manufacturing system.

8. The method of claim 1 wherein determining which, if any, product can be introduced
comprises determining which, if any, product can be processed at a first tool, wherein the mean
processing demand time is a function of a queue time constraint between the first tool and a

second tool.
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10.  The method of claim 8 wherein the mean processing demand time is also a function of a

5 queue time constraint between the second tool and a third tool.
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15.  The method of claim 11 wherein calculating a mean processing demand time comprises

calculating a mean processing demand time between the second tool and the third tool wherein
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semiconductor device at the third tool.

15 18.  The method of claim 17 wherein processing the semiconductor device at a fourth tool

comprises measuring at least one characteristic of the semiconductor device.
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