13 FEB 2007 1 Method for Controlling Queue Tinme Constraints in a
Fabrication Facility TECHNI CAL FIELD [0001] The present invention relates
generally to a system and nethod for operating a nanufacturigg é&ﬂﬁ and
nore particularly to a systemand nethod for controlling queu £ 1
constraints in a fabrication facility. BACKGROUND [0002] A typical process
in manufacturing the seniconductor intégrated circuit requires hundreds of
steps. These steps include several kinds of stages such as diffusion,

| it hography, etching, ion inplantation, deposition and sputtering. In

t hese kinds of stages, diffusion and inplantation generally require |onger
processing tine than other process stages. Other processes wll require

| ess procesMethodifor Contrellifi Qe THTECHMAEARESH 2 Palikicatiddd5RilL h | ong
processing tine, can be sinultaneously performed on several wafer lots

(comonly ferr tog as a "batch"). [0003] In a sem conductor's
processindﬁﬁﬁﬁﬂpggévgﬁbl | ots (and/or batches) and many ki nds of products
are put into the processing line continuously at the sane tinme. Thus, many

ki nds of [peodiduct Ehe@regend iRéribe thlafsd geidrall® abiydidnesRitettol Pl Spepdtingh ages in the
processing flow But since the processing tine of each product is

di f f er ent ranofartedretlinetané moreghattienladyntb A gysteavindmefiodftlconiblify quakiiaks to be

di spatched into a stage of the processing flowis a dispatching problem

[ 0004] As cendyeintsin chbridatior fatilipn, some processes nust be performed within a
certain anount of tine after other processes. For exanple, after a
deposition step a sem conduct or '

;
1

BACKGROUND

{0002] A typical process in manufacturing the semiconductor integrated circuit requires
hundreds' of steps. These steps include several kinds of stages such as diffusion, lithography,
etching, ion implantation, deposition and sputtering. In these kinds of stages, diffusion and
implantation generally require longer processing time than other process stages. Other processes
will require less processing time. In addition, some processes, e.g., those with long processing
time, can be simultaneously performed on several wafer lots (commonly referred to as a

"batch").

[0003] In a semiconductor's processing line, several lots (and/or batches) and many kinds of
products are put into the processing line continuously at the same time. Thus, many kinds of
products are operated on during different kinds of stages in the processing flow. But since the
processing time of each product is different from each other, determining how maﬂy 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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waf er can be exposed to air for only a limted amount of tine before the
quality of the deposited TSMC2002-0477 13 FEB 2007 2 filmwll begin to
degrade. The tinme between processes can be referred to as the queue tine.
Limts on this time can be referred to as queue tine constrmnﬂpﬁpmp@ gpl To
control the operation of a fabrication plant, manufacturers have utilTzed
queui ng theory, which deals with probl2ens that involve queuing or waiting.
These theories can be utilized to optimize the flow of devices, or lots
that include a nunber of devices, through a fabrication facility. For
exanple, Little's fornula can be used to cal cul ate expected tine between
processes. This formula states that the mean number of jobs in a queuing

system in filewiitbegiflo defradd. EThb Sm6 BdRéentpfoctI& cRY l%qbi@lrred% astt Q;[uéhre hiyal rate and
. the mean response tine. [0006] To ensure high quality, rol's can be

utilized t Dbinlits oh thisttihe catiBL@fetrbd® aOfuel@diid GnitRintsDr 09T €SS af ter certain
processes. This can be especially inportant ‘for processes that are

Jrerd qual P81 con theiret BEoriafios ilFe dion Pty manieith MM RS NP o 1o
b . ged b t 0007] S
ot o . bao A it &’é@#@%é*%tﬁ%%ﬁ@e 4Eing &l e orﬁa%'n%s[ b sore

insuffici eﬁﬂhzec@l@@ﬁﬁih&é’ﬂle ﬁ% o?&é@x%l & IG0RR ntlc?l%eg%k\lxbe\{’/\’%e Yl%,r ou Wai ting the

sanme tool. To mnimze this occurrence, a sa orocess) can
be desi gnegbiiqtieoRtini@! Féheaklis Pak

constraint. Thé saflé?y V](V Paﬂlips use%srf?lg{u%?ﬁ? ?&O?%%EAI%&%U%B%E ‘f‘%g&r’ *Qo that
the capacproyessde MBiighofnila st thk e k¥ BlunlOET jdbOin a%&ﬁ‘ngygtJﬁ?m% st

capacity. The current nethods,
state is equal to the product of the arrival rate and the mean response time.

[0006] To ensure high quality, controls can be utilized to limit the queue time of wafers in
progress after certain processes. This can be especially important for processes that are sensitive
to time. If the queue time of a lot is not well controlled, the yield quality can be seriously

impacted. For example, wafers may need to be scrapped if the film quality is damaged by

exposure to air.

[0007] Some lots may be forced to wait beyond the desired queue time due to insufficient
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 quéue WIP level so that the
capacity demand for the WIP level does nbt exceed the current capacity. The current methods,

however, are insufficient to meet the increasing demands of modern fabrication facilities.
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however, are insufficient to neet the increasing demands of nodem
fabrication facilities. TSMC2002-0477 13 FEB 2007 3 SUMVARY OF THE

| NVENTI ON [ 0008] The present invention includes enbodi nents that overcone
several of the disadvantages found in the prior art. In one aspgep.)|@

‘mul tiple processing demand tine (MPDT) fornula is defined using Little's
formula. A smart algorithmcontrols thg | ot dispatching for queue tine
constraints. For a given processing tool with rmultiple queue tine
constraints, the lot- dispatching control |ogic 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 i the following steps. The queue tine
SOMARIE TRERVEREIAP,

constraint tolerances a roughput are initialized for each product.
Next the multiple processing denmand tinme can be cal cul ated for each
product . TR¥8hggr Bigareseny inverfion includepembedimentsthatiovercometstieral tféhecal cul at ed f or
each produ‘é_t. If the multiple processing demand tine is |ess than the

aggr egat i n{saqrretagesdound inthe BRigr a¥tnin ope pspech @nudiipka peocessing dethamd time ODT)t hen any
| ot can be seleptgg %o,be,gépcessed. Q herwi se, the product at the given
tool shoul §Ye ¥ dfmpdpsingdifle's fosmyla. 4 omartylzonghmycosisels the jot dispatshing fr  aspect s of
the present invention can be used to fabricate a sem conductor device. In
ueuer{ € CO gr E i i

this process e "Bo h LR G PSR opvil rliple giguadimeropstraige, thedeft . A
nmean proceggin t.ine can ﬁﬁ cal cul ated for the sem conductor device
at a seco ncgéjta o%]rléj goglﬁ(gqo “f:]’.ffgffgurf Frree t8g &t ‘t‘@iz‘?ﬁ‘ 3eoritpp sxstepgiralieeoptil cul at ed
f_,or the s St ﬁlﬁl‘ﬁ)gp&tl&g digl)ed%hgdeto Q%F é’i\\@e% rt]ooi. he

[0009] In the preferred embodiment, the algorithm can be performed using the following

steps. The queue time constraint tolerances and tool throughput are initialized for each product.

Next the multiple processing demand time can be calculated for each product. The aggregating

queue time constraint can then be calculated for each product. If the multiple processing demand

time is less than the aggregating queue time constraint for each queue time limit tool, then any

lot can be selected to be processed. Otherwise, the product at the given tool should be further

processed.

[o010] As a specific example, aspects of the present invention can be used to fabricate a
semiconductor device. In this process, the semiconductor device is processed at a first tool. A
mean processing demand time can be calculated for the semiconductor device at a second tool
and a queue time constraint tolerance can be calculated for the semiconductor device between the
second tool and ak.hird tool. The semiconductor dévice can then be dispatched to thé second tool
if the mean processing demand time is less than the queue time constraint. The semiconductor

device can then be processed at the second tool and at the third tool.

[oo11] Various aspects of the present invention have advantages over previously used

methods. For example, the preferred embodiment approach has better control capability for lot
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second tool and a third tool. The sem conductor device can then be

di spatched to the second tool if the nmean processing demand tine is |ess
than the queue tine constraint. The sem conductor device can then be
processed at the second tool and at the third tool. [0011] Varqqqqﬁq@@ects
of the present invention have advantages over previously used nethods. For
exanpl e, the preferred enbodi nent apprgach has better control capability
for ot TSMC2002-0477 13 FEB 2007 4 scheduling and di spatching than the
safety WP approach. Al so, the preferred enbodi nent approach can be easily
utilized to control queue tinme constraints for conplex multiple products.
The preferred enbodi nent approach can al so effectively solve the probl ens

associ at edschdduihe 25¢ aTHlek! [ gnstrai nt.s... TSMC2002- 0477
13 PEB 2007 5 BA %§$6%g%gﬁ1PT! 6%15% ot s SR BE ISR FPoriore conpl et e
under st andippebadifcat beaRlyQBIBM td Eb\ﬁﬁ'&\tgu% tinfUbhshdlis %ggo%‘meggrﬁlﬁipletppo%{&s? f,
reference i's now made to the follow ng descriptions taken I'n*conjunction
With the BGGRIRADM:AIAGRpNES coh B el HOL L bl Ssdinled V@B”Dde' of a
manufacturing line with a single queue ti constPalnt; and 14] Figure

2 i's a nodelglhd aulplRybastiteichhi®e Wi th mul tiple queue tinme constraints.
TSMC2002- 0477
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13 FEB 2007 6 DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS [ 0015] The
maki ng and using of the presently preferred enbodi nents are discussed in
detail below. It should be appreciated, however, that the preggntry

i nvention provides many applicable inventive concepts that can be gwyodied
in awde variety of specific contexts. The specific enbodi nents di scussed
are-nerely illustrative of specific ways to nake and use the invention,

and do not Ilimt the scope of the invention. [0016] The present invention
will be described with respect to preferred enbodinents in a specific
context, namely a sem conductor fabrication facility (a main business of

t he assigng T invention may al so be applied, however, to other

nmanuf act ur ﬁ@%ﬁ‘fa{w@m‘p@mw@s the facility could produce itens
such as el ectronics, consunmer goods, chem cal products, nedical products
and ot her s[002D017Forlamdré\eonghte waerstlinlof 178 Bréecatihvthiidtaddibugldihges Warl €rs are
fabricated by sequentially perform ng processes often using different

t ool s. Thetheieoferefyesnowie nop madeets e soldaingldescrigiony tied id @njudioh Wen @bleue tine.
Limts on this time can be referred to as queue tinme constraints. Queue

time consteenengngdrewings owlaely t o assure the quality of wafers in
progress. A queue tinme constraint |limts the queue tinme of a lot of wafers

froma gi vemspr oCESsre i & 4 HsdcfGdintahEdutl 9eess. W iLh the queue
time constraint, t%e wafers are procegéggﬁg%ﬁf%%&%gﬁ?%é EFOBrEREEE Wit hin
t he speci f] quege tine. Especially for sone critical processes or tools,
t hose pr oc@ggled V\g'\g‘érfg 15 W@E@W@&%ﬁ“ﬁ%\]ﬁé‘? Vich mulEple qysus timgconstrimtshef or e t he
downstream process. [0018] If the queue tinme of a lot is not well
controlled, it may seriously inpact the lot yield
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‘quality. For exanple, wafers may be scrapped if the filmaquality of the
waf ers has been damaged when exposed in the air for too long a tine. Thus,
a goal of certain aspects of the invention is to carefully ngﬁggm7the
-queue tinme constraints so that the nunber of |lots processed in

TSMC2002- 0477 13 FEB 2007 7 an anmount of time greater than the queue tine
can be mnimzed. Achieving this goal ﬁ%lps to mnimze the nunber of

waf ers that need to be reworked or scrapped. Therefore, the dispatching
rul e shoul d be devel oped to select the lots before the queue tine start
tool is to be processed so that they can not be over queue tinme at the
queue ti nme: 019] The gueue tine constraint nodel can be
classifiedDgggg§£ﬂh%¥%B%g8 ﬁ§?Héﬂ@?ﬁ@ﬁ@“3ﬁkﬁﬁﬂﬂhﬁﬁﬁ§ constraint and nultiple
gueue tinme constraints. The nodel with a single queue tine constraint has

one queue IP1Fe cofistmaingtnd@ingReE the lpysenlly BeREed MbodhBRSare HikcubRE nidgs one
queue tine-start step 20 at tool al and one queue tine-end step 22 at tool

a2, as shobaiow.dt ipgd beappreciatéidiowevat, alias thd Preseitinvertion @%vm@%ﬁ@%gﬂicaﬁe the queue
time-start step 20, the wafers at the queue tine-end step 22 should be
processed WVeHYaropdepts giatcan beerabodiet! imewide natetyaf spbcifiodogfe@RNCEhe spRBl a3 i s
illustrated to depict a process step 24 that is free of queue tine

const r ai nt €nodimgnts digqygsed prgymerelieitinstrative,of befific waya td make st uss the nvessioper f or med

is |long eno%%h to not be concerned with). [0020] In the preferred

enbodi nent 228 gptdimifithesqepe ohthg inventispar at e t ool s that perform different
functions. For exanple, tool a, could be a deposition chanber and tool a2 a

i t hogr aphigotebol . THerpresam divhiRion GHEEEeSribsdRith réibecE B heerRRe eﬁb&ﬁiirﬂenﬁ?i{r‘b
processing. tool and tool a2 could be a photoresist strip etching tool. In
ot her exanype@f contes, fagelys: seoicbeiubter fbrichneRiliy@eRinasndhatndaEREM t he sane

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.

[o017] 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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function, e.g., two deposition chanbers. In yet another enbodi nent, the
tools could be stages wthin a single nachine. [0021] In sem conductor
manuf act uri ng processes, a single queue tine constraint nodel can_ be
further divided into two types. The first type includes a si ngﬂgﬂﬁ&éﬂﬂé tinme
constraint wthout internediate steps. This process, as illustrated in
Figure 1, includes two consecutive steps with single queue tine
constraint. The queue tinme-end step is the next processing step of the
gueue TSMC2002-0477 13 FEB 2007 8 tine-start step. As an exanple, the
gueue tinme constraint between the clean step and the furnace step is
typical of this nodel. [0022] Another type of nodel includes a single gueue
ti me const PafpRUGRitimeigreater thardthaqueue Biheqms be Mirimizetc [Aukibvig thiligoablusips &
time-start and queue tinme-end steps, the process within the constraint

i ncl udes s&Wamizathe nppbpr af wafers tpkneediotbe stworie) or sEiappeth| Therefofe, thhidispetching
internmedi ate steps _could include neasurenent steps (e.g., critical

di mensi on LYY hedrvelppediigselsaicthe lots beforspske queuedime stait trslie totbie prosesseitse r

et ching), ﬂ{gzﬁt her s. g0023] Figure 2 illustrates a nodel with multiple
queue ti me "EHAStPAPeIDE overpieye tigg@ithe quave timseend ok et of steps with a single
queue tine constraint. As shown in Figure 2, the queue tine-end step at

tool a2 is[aigo t e quetind domRragi Ablel 64n@R cha@ifiel Raw B4 nfidflgla@ingleeue ti me
constraint. That is, a queue tinme constraint exists between steps 20 and 22

and al so baveretime sinefpnt 2R mwltipl2 Gueue e cERORS Thivinbdel Wilea GRNSREwtinee queue
time constraints starting fromthe first queue tine-start step 20 wll be

cont i nuous Fepstraintibpseane geeue fime prmstming betwgenaivo ploeessimpssteps) Ueindudes oie-quad st ep 28
'S time-start step 20 at tool @; and one queue time-end step 22 at tool ay, as shown in Figure 1.

When wafers 10 and 12 are processed at the queue time-start step 20, the wafers at the queue

time-end step 22 should be processed within the given queue time constraint tolerance. Tool a3

is illustrated to depict a process step 24 that is free of queue time constraints (e.g., the time

necessary before a further step is performed is long enough to not be concerned with).

[0020] In the preferred embodiment, tools a; and a; are separate tools that perform different
functions. For example, tool a; could be a deposition chamber and tool a; a lithography tool. In
another example, tool a; could be a via etch processing; tool and tool a; could be a photoresist
strip etching tool. In other examples, the tools could be different machines that perform the same

function, e.g., two deposition chambers. In yet another embodiment, the tools could be stages

within a single machine.

[0021] In semiconductor manufacturing processes, a single queue time constraint model can
be further divided into two types. The first type includes a single queue time constraint without
intermediate steps. This process, as illustrated in Figure 1, includes two consecutive steps with

_ single queue time constraint. The queue time-end step is the next processing step of the queue
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conpl eted. Hence, the WP (work in process) within the multiple queue tine
.constraints should be effectively controlled so that the over queue tine
events cannot happen due to insufficient capacity and Iim't(jg E)g tions.
For a conpl ex sem conduct or manufacturing foundry, it is a r@ ficult
-job to control the operation problemw th the nultiple queue tine
constraints. [0024] The discussion w Lkl now describe a first enbodi nent
gqueue tine limt dispatching control approach. Table 1 shows the notation
for all WP that include queue tinme constraints. TSMC2002-0477 13 FEB 2007
9 Table 1- 1(a) In-processing WP at tool a Qa) WP in the queue before
tool a Wa) QQa) + I1(a) PT(a) The processi ng time at tool a 2(a)

Pr ocessi ng,. e hour at too ti.me

constr ai ntu%glgtg'?%e 9’“5‘%?’@@2 @88‘1’“& TR EPREERYT b%wg&hﬁ g%“%taﬁ the A3 WP from
tool ato ng a) and I (b) [0025] The first case to be

consi deredgtgboilsEyﬁfé:alg}z;"(sﬁﬁaS d| spatching with a single queue tine constraint

at the queue tinme-start tool. As shown in Figure 1, the dispatching rule
for all 10822kt ppsher §ipe f modelingludes a singleiquetd tins constraint witrintestediated consi der
the | oading of _tool a2 and the queue between tool al and tool a2 when tool
al is avai P'ensy Notriggt dﬂ}gé@élé‘%‘?eﬁ@“e‘ﬂt@ anfh gueniy iE¢-eng sigps, the ptocegpwitinthever t he

capacity prOV| ded 1bX tool,L a2, any lot or wafer at tool al should not be
further p r ER0st udes some mtermedlate steps (not shown). Examples of these intermediate steps

could include measurement 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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because sone lots may wait | onger than the queue tinme constraint [imt due
to insufficient capacity for current |oading. In other words, whether or
‘not one lot at tool al can be processed w | strongly depend DRER 167
current loading at tool a2. [0026] Currently, the use of a safety WP (SW

| evel is the nbst conmon approach to ntrol the | oading degree between
two queue tinme-constraint steps. In thi's approach, new wafers are not
introduced to the relevant portion of the systemif they will cause the WP

to TSMC2002-0477 13 FEB 2007 10 exceed the safety WP level. The safety
WP | evel SWbetween two tools a, and a2 can be is defined as SWai, a2) _
2(a2) x QT (ai, a2) Eg. (1) [0027] IfT i{?’e current queue WP Qal, a2)
within a constraint is |ess than the 43 éty WP level, the capacity
provided by tool a2 will satisfy the capacity demand for all lots in the
current queue Q&P alin-mpeesing WiPart oben queue ti me-constrailnt tol erance.
Thus, the ot with the|highest priority, which is waiting att tool ali can
be first sel ectefigay tTHeviP aNA RSkl b, P& Processed—Eherwi se, the
tool a2 should b¢ stopped to process anyqot gueuing at tool jal. The safety
time control prob ??1\(\,1' pﬁ’)é*‘mgi ngl e queue tinme constraint. [(Q028] However,
the current safefy WP|approach has at |east three main problens. First, it
does not cl early|8&e) gnThdroceaingtime W Bolunder di fT erent queude(ti me

tol erances for various| products. Also, the safety WP approach cannot

effectively solv -},{alw 113'1"(3i:'e"'s'sil’ng.lja{t’é-(e‘f{f.,' 'Wiﬁ}%irﬁgur) at tool a

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

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

{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 a; with single queue time constraint should consider the loading of tool @, and the queue
between tool a; and tool a, when tool a; is available for processing. If the loading at tool a;, is
over the capacity provided by tool a,, 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 ay can be processed

will strongly depend on the current loading at tool ;.

[0026] Currently, the use of a safety WIP (S%) 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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problenms with different throughputs (e.g., WP per hour). Further, the
.approach cannot be extended to solve the real operation problens with
mul ti ple queue tinme constraints. [0029] To solve at |east sone of the above
probl ens, the loading of tool a2 can be viewed as the nultipl g 3pif@cegsi ng

-demand processing time (MPDT) at tool a2 for all lots in al,a2). Under
different throughputs for various prodygts i, MOPT can be expressed as
MPDT(a2) = E, Qj(al, a2) Eq. (2) 2i (a2) where Q (al,a2) is the queue
WP for product i with throughput .i; (recipe) between tools al and aZ2.
TSMC2002- 0477 13 FEB 2007 11 [0030] Hence, the dispatching rule at tool at
w Il consider the relationship between the multiple demand processing tine

d th ety | o |
For Gueuauaked e Tl B TARE e Lorde) Bl RS APty o A6 1St andit SRR R LTI L)1 €

Qr; (ai, a2defindd¥gn any lot with product i at tool at will be selected as

t he candldate | ot to be processed. [0031] Rule 1 inplies that tool al has

t he renmai ning cap y for product i under the queue tine constraints. So,
some product i ?ﬁllyphglﬁmrﬁgﬁacaﬁ be contlﬁmgUBly processed at the
gueue tinme- start tool. If no product can satisfy Rule 1, it is suggested

that tool mé27fi SCEEHeicthvt qt@ﬁ@Wﬁséga'}! gzngH ntaQ:ohé?éM{ it | Egs' tﬁdﬂtthecsgfgg':i’lgi’y for the
current queue time constra| nts can pe re- phra t o speci fy
t hr ee posslewd,ehevageity frovidadibs Bl @J’Wlﬂ gatfé@rt‘ﬁer (Bﬁacﬁ}lﬂeﬁﬁnd for all lots in the current

queue Q(ay, az) within the given queue time-constraint tolerance. Thus, the lot with the highest
. 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 a;. The safety WIP

approach seems to be reasonable and effective for solving the queue time control problem with a

single queue time constraint.

[0028] 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 @, can be viewed as
the multiple processing demand processing time (MPDT) at tool a, for all lots in X(a,az). Under

different throughputs for various products i, MDPT can be expressed as

MPDT (=5, 2ilarad g o
2i(a2)

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

a .
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at tool al: (1) if MPDT < QT;, then product i can be processed; (2) if MPDT
> Max { QI;, } then tool aishould be stopped; and (3) if MPDT < Mn { QT; }
then any |l ot awaiting processing at tool al can be dispatched. [0033] The
di scussion will now consider the case of dispatching with mul fli3git8 ileue
time. constraints at the queue tine-start tool. It is a conplex problemto
determ ne whether or not to dispatch élparticul ar | ot when a queue
time-start tool operates under mnultiple queue tine constraints. As shown in
Figure 2, tool ai not only checks the queue tine constraint QI(ai, a2) but
al so checks all consecutive queue tine constraints QI(aj, aj) for j =2, 3,
... n. In other words, the capacity demand for all WP at the consecutive
queue ti mel%@Phst r Serre; the,disnatching ruldss tool @il esidertie rddtiondhipchetrasiettle on t he
comng WP fR.r @H ueue time-constraint tools. TSMC2002-0477 13 FEB 2007
12 [0034] PHUpls&emamdiprogpssiag imeandihe fuers timatglerancg ubesch frpdvet. dogeséralai nt , t he
MPDT bet wegn . an as can be obtained by MPDT(al, aj) _ Q (al, a) Eq.
(3) i )ti?‘é‘f"’%’;‘%ﬁﬁé‘ﬂ%f"éﬁ“ea‘? timedyrpit,contyohis definpd g yollows., (k) Eq. (4)

Rule 1: If MPDT(a;) < QTi(a1,m), then any lot with product 7 at tool a; will be

selected as the candidate lot to be processed.

[0031] Rule 1 implies that tool a; 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 tooi a;:
(1) if MPDT < QT;, then product 7 can be processed;
(2) ifMPDT >Max { QT; } then tool ayshould be stopped; and
(3) if MPDT <Min { QT; } then any lot ﬁwaiting 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. Itis a complex problem to determine whether or not to
dispatch a particular lot when a queue time-start tool operatés under multiple queue time
constraints. As shown in Figure 2, tool a; not only checks the queue time constraint QT(ay, a,)
but also checks all consecutive queue time constraints QT(a;, a)forj=2,3,...n. Inother
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.

TSMC2002-0477



k=a, +1 k=a,+1 for each WP group i with queue tine constraints. [0035]
Based on MPDT definition and cal culation, the |lot dispatching policy should
satisfy the following conditions: MPDT(ai,a) <AQl(aj,a) for allj , 1<j:5 n
Eq. (5) where the aggregate queue tine AQT for a product i is qdlldbl Abled
as: i i-1 AQT,. (aj, a.) = QI, (ak-1, ak) + EPT, (ak) Eq. (6) k=2 k=2
[0036] Any lot at tool al that satisfidd Eq. (5) can be selected as the
candidate lot to be processed. Further, the ot with the highest priority
fromall candidate lots can be first processed at tool al. [0037] In
summary, an algorithmto control the dispatching policy of the given tool
with nmultiple queue tine constraints is developed as follows: Step 1:
InitializelMl sedtifye simdlarappraachwithisingle gqugup tite eomsiraiinaheal/PH TR veOMS ahdi Nt

par anet ers forBegch product i. TSMC2002-0477 13 FEB 2007 13 Step 2:

Cal cul at e f4f8% el XPDT for each product i, as shown in Eq. (3) and Eq.
(4). Step 3: Calculate the aggregating queue tinme constraint tol erance
(AQT) as Eg. O.(a1,a;)

MPDT(gy,q;)==1"2207

ai»a; ? @) Eq. (3)
where
0(aa)= 20®+ 3@ Eq. (4)
. =a,+1 k=a,+1 .

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(a1,a) < AQTi(ara) forallj,1<j<n Eq. (5)

where the aggregate queue time AQT for a product i is calculated as:
j -t
AQT(a,a)) =) OT(a,1,a,)+ ), PT(a,) Eq. (6)
k=2 k=2

[0036] 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 q;.

[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 i.
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(6) for each product i. Step 4: If Eq. (5) is satisfied, any |ot being
product i can be selected for processing; otherw se, the given tool should
be stopped to process product i. [0038] The problem of queue t}
di spat ching can be nodified to control for batch processing tb%Pﬁimﬁbtch
processes, e.g., furnace processes, arﬁ a type of process that is perforned
simul taneously on nore than one lot. T é processing tine for a batch is
typically longer than the processing tinme for other serial processes. In
addition, the maxi num| ot size should be defined for a batch. Those |lots
~with the sanme recipes can be processed together in one batch. [0039] The
operation of a bag%h prqus can be described with reference to an exanpl e.
General |y, a cl eaR™pfoceduisdhe qyeral MPDT foreachisadystd 2 stowp indigeGY ande. | hi gh
t enper at ure) proc%§§4 Those wafers conpleting the clean process should be
limted within a éd@ time constraint tolerance to conplete the furnace
process. In other words, the clean process is the queue tine- start tool

. for the furnace pPBR@ss Calnlateltee aggrhgatingiqueck tinerendyuiatiolefahd?BAQNChs EQOl i S t he

furnace process. It can be understood that the furnace process is the
di spat chi ng nodel (@foreghprodusid queue tinme linmt with batch process. In
this case, the dispatch of a lot to the cleaning tool should consider the

time to process osfph: | BfEq. (9)aisaisibd, ?ﬁmkﬁe“@g&g&tp%ﬁﬂse%@gﬁﬁs in the

furnace process. [0040] The queue tinme-lim I spat chi ng control approach

in the above- not eproedsgng; iothBiMidesthe giS@dod! Souldhe sEpiRY & frdcBB pifadif. t ool . The
approach is justified when the queue tine-start tool mﬁtﬁ queue tine

constrai nt fosdet er 4, §N&Q§E§E ¢ 10t .o process.the next iting | ot based

on the TS@CZ 02- 044;'(% i geogﬂf cﬁ'sztchmg cDan e modsxﬁed 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 descﬁbed 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 alot to the cleaﬁing 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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real -tinme capacity of downstreamtools. Hence, it should be a genera
decision rule for each dispatching rule, which should check the queue tine
control status of the applied tool. The relative tool capacity is
dynam cal |y updated based on the real-tinme tool status. [0041] The queue
time-limt control is a very key point for assuring wafer qudldthp #lring
fab processing. The control algorithmghould nmonitor the queue time limt
WP status and tool capacity under real-tine conditions and give the
relative tools the real-tinme control decision. However, the conputational
effort necessary to realize real-tinme nonitoring can be very large. 1In
~general, decision results for queue tine limt dispatching control can be

updat ed every.ten_ or i fteen m putes, .or I n other words, a periodic
conput at i oﬁeglct an %ac%%%{ofv[‘%[e@’&%l(}r i‘?‘?fé’ 1?%‘8‘1?18{’? ar@nerﬁgﬁ‘i"’i‘?}‘éi‘?%eﬁhen t he
“computatio j s are inconvenient. The fipal qu t of the

pr oposed aﬁﬁgdgﬁ;ﬂt%%*mu% g’ﬁﬁgéhogﬁlclgesc %befqu?u(%lfne&%%'ioﬁt%‘ﬁé’f{?’ﬁgﬁpﬁﬁ‘;ﬁapFgeﬂ/i de a
decision o : . I rocess,certai n _product |ots (by
t echnol ogygaaﬁﬁ&g&gépral& gll 1%93}5:}@581?%%8?}%%% Aps ?a%'lg%e Ee°>%:faS *e of the use of a
tool will now be described. In this exanple, the output of a dispatch
utilizing Ble t Thadueietime-lipisontrelis npncksnippiot fornssyvingiwaferaublits during faueue
time- start togls, technol ogies, stages, and go/no go decisions for queue
ti me- st ar t PREETRE Thpepngp! ai?&ﬂfhgbshgulémm@rﬁwawa@mw%iwﬂ? gatasandsiobs of how

the al gorithns described here can | emented in a process. Referring

first to THABFAY ¥odefjrak-time copditions ﬂ?ﬁ"ﬁi&%‘%@nﬁ?m@!ﬁ}&%@ltﬁ“}?@n@! deeisiopool  or

Chat Tt ner BS8 I8 CoR i n tPlitedind8 refis i Moptor Sk e b o cesned at
examp o of Mt BAEEEAN o0l Hihe TARARed e ool b b Bpdeb T e or |

I nt erveni ngaledMisites Sor So. In oMSRGSEh QPe?-io% %@%ﬁaﬁéﬁ%ﬁg% iul’bft%&?a({)fﬁ{jtge Dgt.af fect

the queue tinme constraints are no I'S are 1ncl uded
in the tol gRRmESwRRGhe 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 processéd 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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processing tine). TSMC2002-0477 13 FEB 2007 15 [0044] The queue tinme (Qr)
tol erance and processing tinme (PT) for each of three technologies (Tech 1,
. Tech 2 and Tech 3) are listed in the next colums. The QT tol&r&hel] and
processing time paraneters are obtained fromthe product technol ogy routes
and, as denonstrated in the tables, cqg vary for different process flows.
In the exanple of a sem conductor foundry, the technol ogi es could be based
upon the mnimum feature sizes (e.g., 150 nm 180 nmor 250 nn) or product
time (e.g., logic, nenory or other). [0045] The final colums provide the
aggregate queue tinme tol erance AQI. These nunbers can be cal cul ated based

upon the | eranace and cessing.tine as.shown in Equation 6 above.

‘Once agai %Eo%ﬁe quﬂ %e'fﬁaﬁnfe%%&ggfefa?“v%@ Propessinglip(Ph} Gaereh oidiesyr ocess type.

Table 2 QT K Ti Tal er e Processing Tinme Aggregate Queue Tine

start Ui gt Gt ¢ ‘f%%&aﬂf ‘fe%@%wa,ﬁ’s,;%fy g ot Tt E’?eg’é?fi%ngcg s
ec ec e a

al as 8 8 °§°.S %&%%%ﬁg%gjaﬁ%%eg ggmg"eé"%‘“% ""‘fﬁ'ﬁ?ﬁ’% rouiesandsasa| 5 a5 34. 5

36.5 40- S demonstrated in the tables, can vary for different process flows. In the example of a

semiconductor foundry, the technologies could be based upon the minimum feature sizes (e.g.,

150 nm, 180 nm or 250 nm) or product time (e.g., logic, memory or other).

[0045] The final columns provide the aggregate queue time tolerance AQT. These numbers
can be calculated based upon the QT toleranace and processing time as shown in Equation 6

above. Once again, the AQT will typically vary for each product or process type.

Table 2
QT- Q:l‘- Queue Time Tolerance Processing Time Aggregate Queue Time
start Limit QT (a,,an+1 PT(a,) AQT(a,,an)
Tool Tool Tech 1 Tech2 | Tech3 | Techl Tech2 | Tech3 | Techl | Tech2 | Tech3
a; 6 8 12 ’
a; 8 8 38 1 1 1 6 8 12
a; as 8 8 8 2.5 2.5 2.5 15 17 21
ay 8 8 8 1 1 1 25.5 27.5 315
as 34.5 36.5 40.5
[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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[ 0046] The information provided in Table 2 can be utilized to determ ne
which lots, if any, can be dispatched. For exanple, if the nultiple
processing demand time MPDT at tool a2 is equal to 18, then only lots with
an aggregate queue tine (AQI) greater than 18 can be processgg. Referring
to Table 2, this inplies that lots fromtechnol ogy Tech 1 (1 fﬁBZMMere 15
Is the AQT for Tech 1) and technologylgech 2 (18>17, where 17 is the AQT
for 18L) should not be processed at tool a2 at that nonment. TSMC2002- 0477
13 FEB 2007 16 [0047] Table 3 illustrates how the MPDT can be cal cul at ed.
The exanpl e shows the cal culation between four different pairs of tools.
In this case, the total MPDT (colum | abeled "MPDT Suni') is cal cul ated as

h f VPO f h, of hnol ogi es. Th | cul ati f
the vor s o8 M Al EaRInQ ok VprhGR B LEFAEE B9 e ioriangad on e
t ot al : ity X h tool a. . . The total WP
(O Tt art CUffultitn UG e Rt BATE oF 10 1n G SN W0 berr At bl T Tom ¢t ho

fart to thepyi &ide i L on 4 Tabl - QL. MPDT Tot al
one v p et Sy Qb @PastROUR debhe ST P or b WS aiesg i Tean 3
Tech 2 T . N Tech .2 Tech 3 0.42 0.27
0.075 0. 8(7:%1%17%&%%5 1000%13‘%8%5\0%‘%%5%M%g‘gﬂc}“35’.6 ioh R%?%‘%B"?‘%“Z?O 125
75 1000 10QRudAO0Q aftPh@upkbitd 2or BacR %1 £ Fndtoth et RP G90ard BAD) $G3Q 1000

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 10075 |270 75 75 1000 1000 1000
as ay 0.47 0.27 0.125 10.075 {270 125 75 1000 1000 1000

1 as s 0.325 0.025 0.2 0.1 25 200 100 1000 1000 1000
a; ag 0425 10.125 | 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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a7 a8 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 exanple, the
factory might include a nunber of machines that performthe process of a
tool. In that case, the throughput a, of the recipe for each3lg8 281 t hat
tool will be the total of the throughput of all tools. For exanple, if five
of the sane machines performa given fygction, then the throughput wll be
5 x WPH at each relative processing machi ne. When sonme nachi nes are not
avai l able, the relative capacity should be changed to the avail abl e nunber
of the corresponding tools. In-the above exanple, if one tool 1is not
avai l abl.e, then the throughput will be reduced to 4 x WPH. [0049] The scope
of the pregen lication is not .intended to be limted to the particular
embodi nent %oné *het% Eglo%lfeooé the presqpf towentian, PHASERSFSHRIChIPES, MAGREHBIE; OMBPFENS at t er |
means, net ens scribed in.the ification. As one of
ordinary s %%F nl?eh%t 'ﬁgth%r ’tor\g\tllg St PrEsSA 7x§ft‘%(ﬂrlaz%?°;"[eéieve$g‘f\9ﬁﬁ‘6@2§fﬂﬂ‘7 7 13 FEB
2007 17 fgemdihe dl sl : resent .invention, processes, machines,
manuf act ure, o os%%ﬁ%ggﬁ%gﬁgﬁ%%Qgggﬁﬁggﬁ%?wﬁ%?ﬁ%ﬂgFﬂ89m§F3%§?gpresentIy

exi sting ofmioginfhts URcARd HGYE lm%f ﬁgut%l{%g@zlscgﬁg’lﬁé 8rthr9pfe§elflpl§1% anLd a}!lclcgrditngle Samne

function or achieve substanti a esul't "as the corresp Hﬁing

embodi ment ge aipesdel BEEhs BRNREdA B Ynchfe g&dé‘}] itlfeﬁ@cogg o &5&% A &a%lﬁr%s,p resent

i nvention. Accordingly, the appende alns are 1nten 0 I'nclude within

their scop@afubilird) ERGREEAS of HRENIRES, meiBRAU: 6jUr €, conpositions of matter,
nmeans, nethods, or steps. TSMC2002- 0477
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13 FEB 2007 18 What is clainmed is: 1. A nmethod for determ ning which, if
any, of a plurality of products should be introduced to a manufacturing
system the nethod conprising: initializing a relative throughq%t nd a
gueue tine constraint paranmeter for each product of the pluralit@%dmm
products; calculating an overall nultiple processing demand tine for each
product; calculating an aggregating qudlie tinme constraint tol erance for
each product; and determ ning which, if any, product can be introduced to
t he manufWhatis cladmed/st em by conparing the nultiple processing denmand tine
to the aggregating queue tinme constraint. 2. The nethod of claim1,
wherein a product can be introduced to the manufacturing systemif the

mul tipl e procegs i =3 : i e tinme
Const Fai . 3. P R Referhinife |vBich 5P S, 88 phiR i FSORERELA R BLD, | 0
product sihtradutet¢o a mennfadtiring sy stemithe methddaatmprisig: system i f no product
meets the conditian where th I tiwg e (E)roce,ssi ng demand tine, i s%hess t han
the aggregat i ng'tGliane arelative Breyghpptgnd g ueps imeoRsipinfparamgten for eagher e n
cal cul at i sgdwct B tHel pHuliRT FGR6RIRY demand tinme conprises cal culating a

mul ti pl e processing demand 'ti ne between two tools wherein the multiple
processi ng dersaheblatingsninveredlemultiple procsssing demandtifkEpTaech ptodyct; ealddatargri ned

by the formul h aggregating queue time constraint tolerance for each product; and

determining which, if any, product can be introduced to the manufacturing system
by comparing the multiple 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 multiple processing demand time is less than the aggregating queue time

constraint.

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

multiple processing demand time is less than the aggregating queue time constraint.

4. The method of claim 1, wherein calculating a multiple processing demand time
comprises calculating a multiple processing demand time between two tools wherein the
multiple processing demand time between two tools a and b (MPDT{(a, b)) is determined by
the formula

MPDT(ay;ay) =§'Q—;f;%‘;];)



MPDT(ai, aj) _ Q (al, a,j) A (aj) 13 FEB 2007 19 where ? j(a) is the
processing rate for product i at tool a, and where a, al-~ Q (a,aa)=

YQ (k) + k=al+l k=alL+1l where Q (k) is the work in process for product i in a
queue before tool k and Ii(k) is the work in process of prodagtFfg sgy t ool
k. 5. The method of claim1l, wherein the aggregating queue tinme is
calculated by the formula AQT, (al, aj}9 = E Qr, (ak-1, ak) + E PT i (ak)

k=2 k=2 where QI; (a, b) is the queue tine constraint tolerance between

t ool a anahdreadl(a)is therprpeessing rate iforgpradwdn e atctool A2 hid aheies t he processing tine
at tool a for product i. 6. The nethod of claim1l1, wherein the

manuf acturing systemconprises a pgrtion#f a manufacturing system 7. The
nmet hod of claim 6, wherei ng{?‘e’azr)an Q;qct)urﬁigk)system conprises a tool in a
sem conduct or waf er manuf actufing«&yst em==8. The nethod of claim 1, wherein
~determ ning which, if any, product can be introduced conprises determ ning
whi ch, | fwﬁler}g Qi(% PqueC ;[Jvoﬁ(airrll p?gcégg Po%%%g u%t ?{[n aaqlfe{ler: éfo%eot(())lol kavﬁ]delri(i)l ir; tltlehv%ork

in process of product i at tool £.

5. The method of claim 1, wherein the aggregating queue time is calculated by the

formula

| .
AOT (a1,a)= $OT (ar-1ra0) + S PTiar)
k=2 k=2

where QT (a,b) is the queue time constraint tolerance between tool a and tool b for product

i and wherein PTy(a) is the processing time at tool a for product i.

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
multiple processing demand time is a function of a queue time constraint between the first tool

and a second tool.



mul tiple processing demand tinme is a function of a queue time constraint
between the first tool and a second tool. 13 FEB 2007 20 9. The nethod of
claim8, wherein the nultiple processing tine is also functi Q[?_F‘EBZ 7 queue
time constraint between the first tool and a third tool. 10. The nethod of
claim8, wherein the nultiple processing tine is also function of a queue
time constraint between the second tool and a third tool. 1 3 FEB 2007 21
11. A nmethod of making a seni conductor 29evi ce, the method conpri sing:
processing the sem conductor device at a first tool; calculating a nultiple
processi ¥y derfedndthotkof daint $iewvlseein temiultipbe prdeassing tiate ia alsb Hunctioh 0bh ;
calculatin .queue ti constraiLnt tolerance fqr the sem conductor device
bet ween qf‘%‘ée ggwtr@%nﬁemnél'net 'Sﬂi‘j’ofi‘ﬂﬁ{?ﬂ’tﬁfﬁ%‘gtchi ng the seni conduct or
device to the second tool if the nmultiple processing demand tine is |ess

than the queue tinme constraint; processing the sem conductor device at the
second tdél; dhe metheteldainyd.twhkereiorthemnliiple proceseing dianesis atshdundtion@f aool .

12. The nethod of claiml further conprising.if the nultiple processing
denmand t i4¥gUe Qe 6?‘?5?&?%(%‘%‘?“ eese&%‘ﬁ‘é’glo?‘}‘féa BP9k ne ol d ng t he

sem conductor device until the multiple



processing demand tine is |l ess than the queue tinme constraint. 13. The

nmet hod of claim 11, wherein processing the sem conductor device at the
second tool conprises depositing a | ayer on the sem conductor ice in a
deposition chanber. 14. The method of claim 13, wherein pr oceésﬁ?ﬁé HHe
sem conductor device at the third tool conprises etching the |ayer. 15.
The nmethod of claim 11, wherein calculating a multiple processing denmand
time conprises calculating a nultiple er ocessing demand tinme between the
second tool and the third tool, wherein the nmultiple processing demand
time (MPDT) i A detledrifmeakig/a sdngicoriductonldavik@iii¢ insthotd sompdsidg: t ool ) = QI st

tool, 2nd _tool pkroce)séil(xgz H’l% se;[ncl)c%lnziuctor device at a first tool;

calculating a multiple processing demand time for the semiconductor device at a
third tool;

calculating a queue time constraint tolerance for the semiconductor device between
the second tool and a third tool;

dispatching the semiconductor device to the second tool if the multiple processing
demand time is less than the queue time constraint;

processing the semiconductor device at the second tool; and

processing the semiconductor device at the third tool.

12.  The method of claim 11, further comprising if the multiple processing demand time
is greater than the queue time constraint holding the semiconductor device until the multiple

processing demand time is less than the queue time constraint.

13.  The method of claim 11, wherein processing the semiconductor device at the second

tool comprises depositing a layer on the semiconductor device in a deposition chamber.

14.  The method of claim 13, wherein processing the semiconductor device at the third

tool comprises etching the layer.

15.  The method of claim 11, wherein calculating a multiple processing demand time
comprises calculating a multiple processing demand time between the second tool and the
third tool, wherein the multiple processing demand time (MPDT) is determined by the

formula

1st tool.2nd - tool)
MPDT(1 _ QUst_too’,2nd _
(Ist _tool,2nd _tool) 2nd_tool)




