1 Method for Controlling Queue Tinme Constraints in a Fabrication Facility
TECHNI CAL FI ELD [0001] The present invention relates generally to a system
and nethod for operating a manufacturing line, and nore particularly to a
system and nmethod for controlling queue time constraints in a fabrication
facility. BACKGROUND [0002] A typical jprocess in manufacturing the

sem conductor integrated circuit requires hundreds of steps. These steps

i ncl ude several kinds of stages such as diffusion, |ithography, etching,
ion inplantation, deposition and sputtering. In these kinds of stages,
diffusion and inplantation generally require |onger processing time than

ot her procesMcthed® s CEXREinR" i Ll require_| eSS progessing tine.
In addition, sone processegfﬁé$%$§={Ed%g%&f?ﬂ"ﬁ%ﬂbﬁE?ﬁ@&@@ﬁhéaﬂkﬁhe, can be
si mul t aneousl erfornmed on several wafer lots (conmmonly referred to as a

"batch"). F@@éﬁcmﬂdqﬁL@eniconductor's processing line, several lots (and/or

bat ches) and many ki nds of products are put into the processing |line

conti nuousjoyo1pt t MR (SABR idvkAIBn reldild inds. o rraducts. are operated
on during differentlﬁindé of g?%ge i ?ﬁghﬁgg%égé?%ﬁﬁ?fawﬁﬂgge since the

process! nonirufetuafs RAGAI RoRdakulke b LRRERL o h O PG RIEL 8! o7 M 1 ng

how many and which wafers to be spatc into a stage rocessi ng
flow is a @nspatdhh tbriptieblgmy, [ 0004] As anot her consideration, sone
processes nmust be performed wthin a certain

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 many and which

wafers 1o be dispatched into a stage of the processing flow js 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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anount of tine after other processes. For exanple, after a deposition stfp
a sem conductor wafer can be exposed to air for only a limted anDFnL of
time before the quality of the deposited TSMC2002-0477 2 filmwl egin
to degrade. The tinme between processes can be referred to as the queue
time. Limts on this time can be refenred to as queue tine constralntﬁ.
[0005] To control the operation of a fabrication plant, manufacturers have
utilized queuing theory, which deals with problens that involve queuing or
wai ting. These theories can be wutilized to optimze the flow of dev!fes,
or lots that include a nunber of devices, through a fabrication facility.

For exanpl €im \kﬁilltb'feélﬁto%eéx@&éwhgtl @Bet@gengﬁ)&%ﬁ eretu le zﬁeﬁ(ﬁgﬁm ed time

)] €.
bet ween processes. This formu a st at e g jobs in a

el he arri val
h Thist t he product of t
?gfglggdszﬁe neaﬂmﬁﬂfﬁgﬂfggﬁfﬁ§£ag%“ﬁﬁm% g&%ﬁﬁgre high quality, controls

(W i th e time of wafers in progress after
ggptg?nuLLOhﬁggegf%lIpéﬁ@%ﬂ%ﬁ Iégﬂ§@P§FPWNWﬁﬁ0@W@ﬁ¥w$@mmphb@é@@@m%fhgt ?Le
iti | controlle e
sensitive 4 ueue time of a lot is not wel
yield quali t& ygnﬁgeea Ry %ﬁlg‘frv ﬂ%}t Hseles Bguing-ewailipgnphese thogsibenesbaray need to

he: exposure to air. [0007] Sone
thzcagepggm?%ﬁ%ecl Vedﬁ é%%ﬁﬁ‘?ﬁ%ﬁﬁggPPg% HEEE@ﬁFWWESéW@@hé

n, 1,00 man ers are awaiting the
!s gfrgf I Iog: eﬂalglpc? a@ﬁ?ﬂ% gFotr fc%p?exgig}élg ?Oé'rl?g a canbedisgdde §al EREEEKlimTbeprest ess) can

be desi gneflode@e AlsienulaRBited iS PR S0 RELAE, of? obs in a queuing system in the steady

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 queuve 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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i thi eue tinme constraint. The safety WP is used to control the queue
3@Lh:2v2|qgo that the capacity denmand for the WP | evel does not exceed
the current capacity. The current nethods, hpwever,_a_re_lnsuff|C|ent2t8477
nmeet the increasing denands of nodem fabrication facilities. TSMC2002-

3 SUMMARY OF THE | NVENTI ON [ 0008] The gpresent invention includes _
enbodi ments that overcone several of the disadvantages found in the prior
art. In one aspect, a multiple processing demand tine (MPDT) formula is
defined using Little's formula. A smart algorithmcontrols the |ot Cwith
di spatching for queue tine constraints. For a given processing tool w

i ENBAT GRS R - di i | logic
mul tiple r the | ot- dispatching contro
procegurqut the.?ggl cén utiF?ge an algorithmto systematically control

f lotg dispatched to any given tool. [0009] In the preferred
enbodi nont 0308 R R SIS e bpdimenty vyt sbotd oftheng steps. The
queue tine.cons ra%nt t.ol erances and tool throughput are |q|t|allzed for
each produg?éVm%%&ﬁOWWénﬂﬁPFWﬁFehﬁP%E@%@Wﬁ@ﬂ@énuﬁE%MEnsmm&Mmbé%HaDcuIated

cal cﬁf‘éi‘e8f°?'§'?1g%§8%*@§r%%%@ﬁﬂ'?%%ﬁﬁeﬁ‘ﬁ‘nﬁ#&%&&%&%@é&%ﬁ'w@ﬁa&%&m;?ot??iél s
oo 1A AT S B S L SRl RS b1 B
ot B PR B0 Rbob ol e &

the number of lots dispatched to any given tool,

[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.

[0010] 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 ﬁthird tool. The semiconductor dévice can then be dispatched to thclz second tool
if the mean processing demand time is Iess 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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sem conductor device. In this process, the sem conductor device is
processed at a first tool. A mnean processing demand tine can be cal cul at ed
for the sem conductor device at a second tool and a queue tine constraint
tol erance can be cal cul ated for the sem conductor device between the

second tool and a third tool. The sem c¢pnductor device can then be

di spatched to the second tool if the nean 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] Various aspects
of the present invention have advantages over previously used met hods. For

exanpl e, t beequigf SR m@ﬁ@g&ﬁ a efler o capability
for ot TSMC2002- 047? scﬁledul Ing a ﬁgﬁ@?ogpg chle ref?rﬁg E Himegh ¢ ety WP

appr oach. e;b;s@chaahee&rsﬂafamrz@aoemmu@mmc@maalg@g oGRSt L 22

to control queue time constraints for conplex mi HIT %ngwahe
preferred &pdtrErinbadasholRn pr.

associated with single an t|p%§§gﬁgﬁgﬁﬁ%h%§%§K£@#g%ﬁ%Q%df§ﬁC2002 0477
5 BRI EF Damxﬂﬁmleﬁﬁemwiﬂ@ [0012] For a nore conplete

under standing of the present invention, and the advantages thereof,
reference is now nade .to the follow ng descriptions taken in conjunction
with the acconpanying drawi ngs, in which:
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[0013] Figure 1 is a nodel of a manufacturing line with a single queue tine
constraint; and [0014] Figure 2 is a nodel of a manufacturing line with
mul ti pl e queue tinme constraints. TSMC2002-0477 6 DETAI LED DESCRI PTI ON OF
| LLUSTRATI VE EMBCDI MENTS [ 0015] The maki ng and using of the presently
preferred enbodi nents are discussed in getail below. It should be

appreci ated, however, that the present 1nvention provides nmany applicable

i nventive concepts that can be enbodied in a wide variety of specific

contexts. The specific enbodi nents discussed are nerely illustrative of
specific ways to make and use the invention, and do not limt the scope of
t he i nvent imarr bEY&OP TINEOPHEESHE AV tion will be described with respect

to preferred enbodinents 1n a specific context, nanmely a sem conductor
fabrication facility (a main business of the assignee). The invention may
al so be apB?%" d, IFB{\%’R‘/"%‘F corpRieteypslanstapdive il shetpemsinn gy vdnticn, bid thesivardtges exanpl e,

t he facﬂié%%go | d produce itens such as el ectronics, consuner goods

cheni cal prCdUETE e HingY madeio M fellayving fgscaiptinep taken[iDQhitinction withehe

sem conduc manuf acturing j.ndustry, wafers are fabricated by sequentially
perforning%%%gggggé mﬁ?@%ﬁgﬁ%aﬁg different tools. The tine between
processes can be referred to as the queue tinme. Limts on this tinme can be
referred t 8088 quéisgretliinemodhstamsinnfasurifguiae @ith i fBrle GRASIH AR SIALS
necessary to assure the quality of wafers in progress. A queue tIne

f g n ts L;ah 28 ilogg;f.l rendt g lg&ﬁgtﬁsﬂé&g&n‘%@ b am?anﬁ)lfactaldg(?igle Qi r‘ﬁ'@l‘;ﬁ{a auefug e Sonstraings, P 0¢€SS
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process. Wth the queue tinme constraint, the wafers are processed at the
dedi cated process within the specified queue tine. Especially for sone
critical processes or tools, those processed wafers are very sensitive to
t he exposing tine before the downstream process. [0018] If the queue tine
of alot is not well controlled, it may; seriously inpact the lot yield
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 control the
gueue tinme constraints so that the nunber of |ots processed in

TSMC2002- OBETAR ETAN: Wb%ﬁ*%gﬁ%@?ﬁﬁ#ﬁ@%ﬁqueue time can be

m nim zed. Achieving this goa e nunber of wafers that
need to be _reworked or scrapped. Therefore, the dispatching rule should be
devel oped {%8"%el edhe makingagd wingex giepresindy prefeued dniboiimedtoart dis@edkd insiefald be

processed 9 th%t égez can not be over queue tine at the queue tine-end
t ool . 10015‘1 oW g a\.’} ReRPreriated dweventhet therpigesnt inentidn@royidesisirfyiaglicatse t WO mai n

nodel s: a sjingle ueue tinme constraint and nmultiple queue tinme
constrai nt %&engheecoﬁgaté ﬁia@\ﬁafl e gmiadied e Wide vasiet iohapecitanestextai Tiee spraificone queue

time consttai ween . two processing steps. It includes one queue
time- st arténzdtogﬁpmglg&giusste%%rle “gpelya‘ﬁﬂfst%‘i’]‘@ of SRSEIEC VR kg angtuspthe Ivention.ool a2, as

shown in Figure.idi; ers 10 and 12 are processed at the queue
tine-start nstepOt%‘&uﬂi[%ggp\/?/a\%?{él%nvgf]ﬁof"he queue tine-end step 22 should be

processed within the given queue tine constraint tolerance. Tool a3 is
i |1 ustrat @b dePreereseat prensier wilkealpscabedivitatrespest th peeered erfb@is@nts il
constraints (He% the time

specliic 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 Iot 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 queve 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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necessary before a further step is perfornmed is | ong enough to not be
concerned with). [0020] In the preferred enbodi nent, tools a, and a2 are
separate tools that performdifferent functions. For exanple, tool a,

could be a deposition chanber and tool a2 a lithography tool. In another
exampl e, tool a, could be a via etch precessing tool and tool a2 could be a
photoresist strip etching tool. In other exanples, the tools could be

di fferent machines that performthe sane function, e.g., two deposition
chanmbers. In yet another enbodinment, the tools could be stages wthin a
singl e machine. [0021] In sem conductor manufacturing processes, a single

queue tinme HAMSH: 8T e QLSS AR quddE1i iyl ded, i nt ot vwo es. The
first type includes aegrs}?ngl e queue F{H%Hg%r%ns“g?g? h?‘c\l}mmf‘%@fsgo‘i]hégsrtﬁedi ate

steps. Thi smipiomeseun8s of bhs iRt b s sg:]ha LA Ch AR, heagbagnect! | ve

steps with single queue tine constraint e trne-en
next processle Bgukitbe ﬁex@l‘opédh@s%dﬂﬂelotsmf?@cﬁm%‘%ﬂa sfrt tdo! 1{5'?0' LS EP- As an
e ep and th

exanpl e, the queue tine constraint betweent clean s e furnace

step is typhatthey ch nbite Svaiqatak timf MARLJued@iNgl tdo) PE Oof nodel includes a
singl e queue tine constraint with internediate steps. Not including the
process within the

ti t ; i -end, st o L
queue ti meiahgr %gg&'ﬂ?{ﬁge %olnsqzeam Plg{le cat Eﬁ@ss?ﬁr%gﬁs WAGRIMModpiz R FEEs of these

constraint 'includes sonme interne PEt

Thenson SEE PRy ROBMRETBIRSIRH. 4 S58 (o letihrini

e'F ching), @énsPiiRt@hSone queue time constraint between two processing steps. It inchudes one queue
time-start step 20 af tool a; and one queue time-end step 22 at tool a;, as shown in Figure 1.
When wafers 10 and 12 are processed at the queue time-start step 20, the wafers at the quene
time-end step 22 should be processed within the given quene time constraint tolerance. Tool as

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

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

f0020] 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 lithography tool. In
another example, tool a; could be a via etch processing tool and t0ol 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 quene time-end step is the next processing step of the queue
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[ 0023] Figure 2 illustrates a nodel with multiple queue tinme constraints.
This nodel includes a set of steps with a single queue tine constraint. As
shown in Figure 2, the queue tine-end step at tool a2 is also the queue
time-start step for the next single queue tinme constraint. That is, a
queue tine constraint exists between stgps 20 and 22 and al so between steps
22 and 26. The process with the consecutive queue tinme constraints
starting fromthe first queue tine-start step 20 will be continuously
limted until the process of the |ast queue tine-end step 28 is conpleted.
Hence, the WP (work in process) within the nultiple queue tinme constraints

shoul d be 48kt eV € hat 1. over eue tinme events cannot
happen due tlt 0 Siﬁﬁtgﬂgl}/fé%:/?n%%?ﬁﬂ]%gﬂggg?u?% m%rclcglsﬁr?"%%f’tg nékﬁgreé’f Ygrod thedprmage c ol ex

sem conductep isipdlf Fatisthbdag foundry, it is a very difficult job to control
the operation problemw th the nmultiple queue tine constraints. [0024] The

di scussion || n%\g gescri e a first enbodi nent queue tinme limt
di spat chi n{**&ont ABPIS Y GERAde] ingliifes 2 pinglp aieye tithreconssiaiat wishinfeomedatel W P t hat

i ncl ude qu i e .constraints. TSMC2002-0477 9 Table 1 1(a)
| n- proc ess?tg‘gs' &nggf' RESBF dUgUe Hpearigppapeye timeendisispe e eroprse witiothea W a) Q)
+ 1 (a) PT e . cessing time at tool a 2(a) Processing rate (e.g., WP
per ( hz)ur ) ( gz%nst;ﬂ(x}g luB[al‘Bes some In rmedrl’[a?e steps Enot shown). xa)mples of these inte?mediate ste(ps g

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 quene 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 muliiple 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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Qr(a, b) Queue tine constraint tolerance between tool a and tool b Qa,b)
Total queue WP fromtool a to tool b, excluding 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 tinme-start tool. As shown in Figure 1, the

di spatching rule for all lots at tool @ wth single queue tinme constraint
shoul d consider the |oading of tool a2 and the queue between tool ai and
tool a2 when tool al is available for processing. If the |loading at tool a2
is over the capacity provided by tool a2, any lot or wafer at tool a,
shoul d not be further processed because sone lots may wait | onger than the
queue tinme constraint limt due to ingyffjcient capacity for current

| oadi ng. In other mords whet her or not one lot at tool a] can be processed
wll st rong| y de ‘j‘ he hllrrg.n_t Laadi ng at _tool a2. [0026] Currentl Y,
the use of a safe?@’VVFIT essing, [P 3&00{ fie st comon approadh to contro
the | oadi ng degrdge betveen two gueue tinme-constraint steps. lin this
approach, new MEKKMS drvéPiohe queti¢ Bt RAI 4 O t Ne 1 el evant—portji on of the
systemif they will cayse the WP to TSMC2002-0477 10 exceed the safety

A

WP | evel. The sgf \ SWhetween—two-tools-al_and 342 can be is
defined as SWat, F@&V k%?xé%?at az) Eq. (1) [0027] If the cyrrent queue
WP Qal, a2) mjthln ajconstraint is less than the safety WP level, the
capaci ty provi dedZB® t gdhe pgcessingltimsat foglfay t he capacity denmand for all lots
in the current

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

OT(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 1(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 & with single queue time constraint should consider the loading of tool a; and the queue
between tool a; and tool a; when tool a is available for processing, If the loading at tool &, is
over the capacity provided by tool a,, any lot or wafer at tool @; should not be further processed
because some Iots 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 &) can be processed

will strongly depend on the current loading at tool as.

[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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gueue Qar, a2) within the given queue tine-constraint tolerance. Thus, the
ot with the highest priority, which is waiting at tool a3, can be first
sel ected as the candidate ot to be processed. Oherw se, the tool a2
shoul d be stopped to process any | ot queuing at tool a,. The safety WP
approach seens to be reasonabl e and effigctive for solving the queue tine
control problemwith a single queue tine constraint. [0028] However, the
current safety WP approach has at |least three nain problens. First, it
does not clearly design the safety WP under different queue tine

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

ef f ecti vel yxsal tiesafdpeWipiewe THe e WPl R eng with different
t hroughputs (e.g., WP per hour)}QFurther, ?%§&§§%¥§§% aBgﬁﬁ%?mﬁé ext ended
to sol ve tRAeincéad operation problens with nultiple queue tine constraints.

- [0029] To solve at |east some of the above problens, the |oading of tool a2

can be viewed as e |t ocessi ng demand processing tinme (MPDT) at
tool a2 for all IotsaY%ny%£5§§?@”ﬁ¥ er diff&Adht throughputs for various

products i, MDPT can be expressed as MPDT(a2)=~rQ (ai,a2) Eq. (2) 2,(a2)
where Q (ai®9%R) i ¥ thetrarreptqueae WIPQQ o )t Cdondtrad it izssttﬁ%rn%gsgﬁgt\\ér%’ (recipe)
, I spat chi ng

between tools al and .a2. TSMC2002-0477 11 [0030] Hence

rul e at t ogreldhe eapacity providddde tool feovil edtiafyit@napicity RS LN n 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 @, 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 a; can be viewed as
the muttiple processing demand processing time (MPDT) at tool a, for all lots in Xai1,42). Under

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

MPDT(a5) =¥, Liar,a) Eg. (2)
Ailaz)

where Oy(e,m) is the queue WIP for product 7 with throughput J; (recipe) between tools ay and

az,
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nmul tipl e demand processing tinme and the queue tine to!erancenﬁiofafg
product. A general dispatching rule for qugue.tlne |Iﬂlt co ol s
defined as follows. Rule 1: IfMPDT(a2) <Qr,"(ai,a2), t er ?n¥0 o
product i at tool a, will be selected as the candi date o_nin € apaci Ly
processed. [0031] Rule | inplies that tidol al has the remi odgct P
for product i under the queue time constraints. So,hsone pre uet
satisfying Rule 1 can be cont;nugﬁflylpr?fefzegugée;tgd ?Eg? Ll

t can satis e 1, ( :
E?SLbn{{nzg p;?gggssing due toyinsufficient capacity for the current queue

time constreselts. HACSHE diateBing rddR Qe oGk Sgl?re;ge r%l%mn&ecal f% I}ge possi bl e

hen
cases for dispatching control rules at too t

should be
duct i ecmifipredeprotpessily tifn2nd tﬁé\dﬁi@&?mh@%le{angafea}ch
gigpged and (3) if MPDT <M n { QT; } then any ot aéva&{gl Ay p?80e55| ng at

Il now consi der the
dispriching ralp &dr givaeltim§ Iﬁ%@dnt@h@dé’hn@@é&%@llo@@ W
E:ggle 21" g?spat chi nngI th mul t| pl e queue time constraints at the queue

det erm ne whether or not to
tinme-start tool. Igyuds argp X PF mto ] . A
di spatch a parti cular | ot S ‘C‘&cj% W"%]PEW Rsypt 7 el gt vl beinder

[ t onl
mul tiple queue. time CO@@!&c‘Ee"&'aQ{hécaéﬁr? t?tl]o?YoV%' nfigure 2, tool a mnot only

checks the queue tine constralnt aI so checks al |

fOI‘j =2, 3, ... n. In other
consecutiv eue traints (aj, a) ! _
wor ds, theﬁ o3 aci Fiffege ‘Hé%lt fgpol 44 has (e penagininghrepas nBemuducti@nd €1 Queue

t’ i me- const ﬂrﬁé %stFa?n?s!. %o, some proguct 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 ay discontinue
processing due to insufficient capacity for the current queue time constraints.

fo032] Rule 1 can be re-phrased to specify three possible cases for dispatching control rules

at tool a;:

(1) ifMPDT <QT;, then product 7 can be processed;
(2) ifMPDT > Max { QT; } then tool ajshould 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 operatés under multiple queune time
constraints. As shown in Figure 2, tool ar not only checks the queue time constraint OTa1, az)
but also checks all consecutive queue time constraints O7(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.
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ferifi ked based on the coming WP for all queue time-constraint
;/g(r): fsI EdTg%ggg?O?l?? 12 [0034] In the simlar approach wit hbSI ngl e queue
time constraint, the MPDT between a, and aj can be obtained g)_ 0 (K)+ E
MPDT(ai,a))Q (a,,aj) E. 3 i Ar(a,j) g ( ) where a~a tQ,h(avgue—ti Q
'-'1,(k) Eq. (4) k=a,+1 k-., +1 for eagch WP group i with qu ue L
constraints. [0035] Based on MPDT definition and cal cul ati o_n, oTa . ) <
di spat ching policy should satisfy the follow ng conditions: ![I ) aoT
AQT; (aj, a) for all j , 1< ;n Eqg. _(5) A\gq_ezgrtge)ag%[re?gf(e"gt;)egle o )
for a product i is calculated as: i j-1 , , = Q -
Eq. (6)  kamske [12@3 I oloath ih 48 quélle thRBinsd RLMEBT Bvech 2 i D8
sel ected as the candidate Iot to

a; can be obtained by

Q (alsa_;)
MPDT (g, — Eq. (3
(aisa;) = % @) q-(3)
where
[o1{ al,az ZQ,(ic)+ Zf(k) Eq. (4)
k=a +1 kea +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(a;,a) < AQTi(as,a) forallj, 1< j<n Eq. (5)

where the aggregate queue time AQT for a product  is calculated as:
/ i
AT (aa,) = > OT (e, 1,a,)+ Y PTi(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 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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) . Further, the lot with the highest priority fromall candidate
FgﬁgezZﬁdbe first processed at tool al. [0037] In summary, an algorltPn1to
control the dispatching policy of the given tool with multiple queﬁe i me
constraints is developed as follows: Step 1: Initialize and setupht e duct
rel ative throughput and queue tinme congtraint paraneters for eac péo ?Ci
i. TSMC2002-0477 13 Step 2: Calculate the overall MPDT for each produc ,
as shown in Eq. (3) and Eq. (4). Step 3: Calculate the aggregating nguFf
time constraint tolerance (AQT) as Eq. (6) for each product |].c Step 4:

Egq. (5) is satisfied, any |ot being product i can be selected for

processi ng; ot her \stepe; td'mume\fmvglgﬁmmeq%h%od%&(?,%@%g)wt0 gr&iess pr oduct

i #t o contro
i 0038] The problem of queue tinme dispatchi'ng can
for Latch] procgsfhng)tools. Bat ch processes, e.g., furnace processes, are
a type of process that is perforned sinultaneously on nore than one |ot.

i i i i han the processing
The processing ti or his typically |onger t
ti rrepf-or ot her Ser@?g?. pﬁggcg%é@g_aggﬁgaﬁ Yepgtne copdaieicinpmn(AQt) ssEge shoul d

[ i [ be processed
be defined for a ¢ lots with the sanme recipes can
t oget her in one bg??ﬁgm?ggggihThe operation of a batch process can be

ibed with reference to an exanpl e.
describ Step4: IfEq. (5)is satisfied, any lot being product i can be selected for

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

[0038] The problem of gueue 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.

[o039) The operation of a batch process can be described with reference to an example.
Generally, a clean process must be performed before a furnace (j.c., 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 pf a lot to the cleaning tool should

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

[0040] The queve 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

queve time constraints determines whether or not to process the next waiting lot based on the
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a clean process nust be perforned before a furnace (i.e., high
fﬁgggﬁglﬁ}e) procesg. Those wafers conpleting the clean process should be
limted within a queue time constraint tolerance to conplete the furnafe
process. In other words, the clean process is the queue tinme- start too ]
for the furnace process. On the other hand, the queue tine-end tool LS t he
furnace process. It can be understood that the furnace process is t ?

di spat chi ng nodel of conbining queue tine [imt 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 nake up the batch process in the

furnace proeesme capﬁ&?%@&ov&ﬁ@@eaﬁlli@dl@ Hehdeit %ﬂo![?ih lieae %%e%@r%lt egisigrggxfeg{}r: L9l approach
a

in the above-noted gorithmis used for eue trie- ool . The

i e e . Ui e
approach i sispatdiirigfrile,vhih@ Roll @ ekURMRele! IR cSHA! Lath OPkhe Ihdt JUGHE
cgﬁstraints geternines whet her or not to process f%e next ﬁhlﬁ#ﬁg | ot based

1 ityl i i J : | s. Hence, it
the TSMIZBODoAFLitLH dyiaaadatly iftted BRI (Ol WIS LLGam t ool s. ’
gﬂould be a general decision rule for each dispatching rule, which should

B
dur i ng 1 b b st s oAt et R ks Sl “ﬁéat?%%ang ex ngue;‘iset e
VoSSV AR R B 2
Genoral | doct o1 on roea e oo e R A A SRR T o el can e
updat ed evirggndréedision 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 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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fifteen mnutes, or so. In other words, a periodic conputation can be
substituted for the real-tinme application when the conputati onal
“requirements are inconvenient. The final output of the proposed algorithm
can be a list of tool decisions that can provide a deci sion on whether or
not a tool can process certain productjslots (by technology) in a certain
stage. [0042] A specific exanple of the use of a tool wll now be
described. In this exanple, the output of a dispatch utilizing queue tine
limt dispatching control provides a list of queue tinme- start tools,
technol ogi es, stages, and go/no go decisions for queue tinme-start tools.

[ 0043] Tabli®@g42 ange %epgtgyé (@)%@e@ cé !m(a roc%t?me @t&gr)gv 'i% aI gorithmns

descri bed here can e i nplenente F?rst to Tabl e

2, the fir sdchpitdTeaI0Wechi2NBd GHGUS = Jﬁh%{&] in fle 3Lk ci10R1s. 3{\% ﬁ’ﬂ%{)l ”eeg%nggr oup (or

stage within a tool or equi pnent group IS assure are no
ti me const p&bdﬂﬁlﬁgt&ﬁeﬁa&nﬂ&ﬁ&r@oﬂtéﬂed%ﬂﬂ%e%r&ﬁct@o%?o%g?oq:ﬁeggndt he start tool.

The second colum shows the queue tine'limt tool e éxanpl e of Table 2

shows fi vedmmwmame«auweanaaiyrrercﬁﬂa&ﬁp@béamowsAﬂMhéé’i&.ﬂ@%@fﬁ ng tools, e.g.,
i nspections or neasurenents, that do not affect the ue time constral nts

are not | i stréchniuetr fobating leytechilbgi@rctulil Bechabkd@od the &Bﬁnﬂn@e&ﬁ@@ﬁ%%e
processing tinme). TSMC2002-0477 15 [0044] The queue tine )l er ance

and pr oces &30y, i $0ven ¢rRFY nihioer pediott tiofe (&.4168c, nieﬂi@@lwbtﬁg?_es (Tech I, Tech 2
and Tech 3) are listed in the next colums. The QT tol erance and

br acessi NGbiel™® PRkARIGSfn 58 vBPhRLERHxE HRU ASORIAUELT L AEAIRLESY Moutes

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- QT- Queue Time Tolerance Processing Time A i
T geregate Queue Time

start Limit QT (0 Ay PT{a,) AQT(aa,)
Tool Tool gech 1 Tech2 | Tech3 | Techl Tech2 | Tech3 | Techt | Tech?2 | Tech3

a 8 12

ap 8 8 8 1 I 1 6 8 12
a; ds § 8 8 25 2.5 2.5 15 17 21

ay 8 8 8 i 1 1 25.5 275 31.5

as 34.5 36.5 40.5
f0046] 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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denonstrated in the tables, can vary for different process flows. In the
exanpl e of a sem conductor foundry, the technol ogi es could be based upon
the mninumfeature sizes (e.g., 150 rim 180 run or 250 nm) or product
time (e.g., logic, nenory or other). [0045] The final columms provide the
aggregate queue tinme tolerance AQI. Thage nunbers can be cal cul ated based
upon the QT tol eranace and processing tine as shown in Equation 6 above.
Once again, the AQT will typically vary for each product or process type.
Table 2 QI- QI- Queue Tinme Tol erance Processing Tine Aggregate Queue Tine
start Limt T a",a,". PT a AQT a,,a" Tool Tool Tech 1 Tech é Teclzg 3 Tech I8
Tech 2 TechoodniTeclTable T@GBirmes 186 8.1 | al ai
88 25 5 5 25 16 a9 oy acs 186 elriSt Op B pdtufl ih%’e_f‘."‘%“%%‘."gs 8.5 40.5
0046] The chlndlgiombétiven ffr aifetatparDoftedl. & s to determne
\[Ahi ch] lots, if any, can be di gbpat ched. For%ggg’énegﬁog?w}?%&?]é’%%l? | e _
processi ng "MERRSdmY)iisvelNRBT agthe §RO8 IRDBIST fo?&%ftﬂe&hljegtecﬁngl%gxesq Yy ots wth
an aggregate queue tine (AQT) greater than 18 can be processed. "Referring
to Tabl e 2gcalewhdtion piitisd MBBT ishiativddaiom H@Qﬁhb?&'ﬁgﬁﬂt@ﬂy} YEeRs %asg&@g[estbta}[mer e 15
Is the AQT for Tech 1) and technol ogy Tech (18317, ere IS the AQT
for 18L) sHek WIRQnbthe 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 Quene WIP Capacity
start Limit | MPDT Q(start, limif) A
Tool Tool Sum Tech! | Tech2 | Tech3 | Tech1 | Tech? | Tech 3 {Techi [ Tech? [ Tech3
a, a; 0.42 0.27 0.075 [0.075 | 270 75 75 1000 1000 1009
asz as 0.47 0.27 0.125 10075 | 270 125 75 1600 1000 1000
das as 0325 10025 {02 0.1 25 200 100 1000 1000 1000
ay 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 1o 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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processed at tool a2 at that noment. TSMC2002-0477 16 [0047] Table 3
illustrates how the MPDT can be cal cul ated. The exanple shows the

cal cul ati on between four different pairs of tools. In this case, the total
MPDT (columm | abeled "MPDT Sumi') is cal culated as the sumof the MPDT for
each of the three technol ogies. The calycul ation of the MPDT is derived
from Equation 2 (or Equation 3), which is based on the total queue WP Q
and the capacity X of each tool a". The total queue WP (Q (start, limt))
can be calculated by aggregating the queue WP fromthe start to the limt
tools as shown in Equation 4. Table 3 QI- Qr- MPDT Total Queue WP Capacity

start Lim t T, - Tech | .Tech 2 Tech 3 Tech |
Tech 2 Tec hm%{@edclsﬁk%r él'%féﬂkl]é s taﬂ'l‘g%!“é’kcﬁssﬁs S B s %P“@’?%“oz"?ef 75 75

1000 1000 %Q08, mads, 47 Ro2Zee y 1270125 75 1000 1000 1000 a3
a6 0.325 0.025 %@2 %&f%fﬁgzgﬁsz%o%n%%‘égﬂ%g t%‘b‘&f‘fbe}" 5%%‘6‘% BT, 125 0.1 0. 2

125 100 206ubi@QI1 A0 hmb@RRtion| R bdlicvd s@é’tatgraﬁygthg aﬁue?ﬁfs %s[t&%%ﬂ%sﬁ(wpe capaci ty

for tool a,, should be unified. For exanple "Encl ude a

nunmber of paldinRes déddAbed Pekih bt QiR RES T, R at .case, the
t hroughput X of the bt Biliz ifig RlthePrdsGPnventibh, Abcordmgy,

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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recipe for each lot at that tool will be the total of the throughput of al
tools. For exanple, if five of the sane nachines performa given function,
then the throughput will be 5 x WPH at each relative processing nachine.
When sone nachi nes are not available, the relative capacity should be
changed to the avail abl e nunber of the ?grresponding tools. In the above
exanple, 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 |imt edVhe iz gaingdisi cul ar  enbodi nents of the process, machine,

manuf acture, conposition of matter, neans, nmethods and steps described in
the specification. As one of ordinary skill in the art will readily

appreci at & TSMGAGMAd et Whtetminifig @fichig agly, &ﬁ"a@‘-ﬁktﬁﬁty(ﬁfphﬂﬁlc@rsﬁ§ﬁﬂtbe' nventi on,
processes rrgchl nes, ugufa(;ture conpositions of  matter, neans, nethods,

or st eps, H5o8ueask PR TRANURGHH ey Stemy Bie meshobeqremiasingsed, t hat per f or m

substantially t |aII sanme result as

the corres Ondlirﬂ@al %o%?mn@%;ﬂs&%é{&riﬁ@ a é@g}?ﬁe tr%gtl%/ﬁrﬂl? Tl 52801 di ng
p g

to |th§ prp?ﬁp@tqfhmh@pi_ triabity oﬂlproduottb ngly, the apﬁended cl ai rr]rcsag{ er:antended to

include within it scope sucC ocesses, machines, manu u

conposi tions o? tlﬂﬁ?tﬂlhgr ‘ﬁ@?ﬁ@““%[%ﬁ%ewﬁg smé%tlm\ré«me@zm@wrmﬂsulamt is

clained is: g@ééﬁﬂﬁgfqﬁéu&ﬁﬁ@ééﬂsﬁhlﬂgtomm fof dacAWodulf; afig P! Ural ity of

products should be

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 @ and b (MPDT(q, b)) is determined by

the formula

Qj {ansa j)
MPDI (g,q)=Y——
(a1say) ? (@)



introduced to a manufacturing system the nmethod conprising: initializing a
rel ative throughput and a queue tinme constraint paraneter for each product
of the plurality of products; calculating an overall nultiple processing
dermand time for each product; calculating an aggregating queue tine
constraint tol erance for each product; @?d determ ni ng which, if any,
product can be introduced to the manufacturing system by conparing the

mul tiple hoc ssing demand tine to the aggregating queue tinme constraint.
2. The ms{’%’ 98 'P)lél%l‘ﬁI?FP?L?SS"REé"f‘téifWI@foﬁ‘ﬂ%daﬁﬂoﬁrﬂn@)@hﬁmroduced to the

manuf acturing systemif the nultiple processing demand tine is |ess than
the aggregating queue tinme constraint. :ﬁ The nethod of claim1, wherein
it is determned that no pr@@yet)=she@if+bs./Fhtroduced to the manufacturing
systemif no product neets the comdtion*WHiere the multiple processing
demand time is less than the aggregating queue tinme constraint. 4. The

met hod of wkdraiQrilis tMOGHBI | sl 1 si ng demand ti me
conpri ses?Ncell‘I cu %ztsi ng a rrlulp"ti ?épeﬁghg o‘?:lglggll I% @gﬁ%ﬁgg{eﬁn@%@%aégﬁ%w?r&l S
wher ei n tiherogesd ofi pbducpr aitesisi.ng demand tinme between two tools a and b
(MPDT(a, b)) is determned by the fornula MPDT(ai, aj) = EQ (al, aj) i
1,0 (a))

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

formula

' =1
AQT (ap.a))= SOT (ap-rra) + % PT )
k=2 k=2

where QT (a,b) is the queue time constraint tolerance between tool g 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
multiple processing demand time is a function of a queue time constraint between the first tool

and a second tool.



19 where 7,,;(a) is the processing rate for product i at tool a, and where
Q (al >a3= >2Q (k) + LI, (k) k=al+l k=a,+l where Q (k) is the work in process
for product i in a queue before tool k and Il (k) is the work in process of
product i at tool k. 5. The nethod of claim1, wherein the aggregating
queue tine is calculated by the fornmulg AQTi(al, aj)= EQIl (ak-1, ak)+

El PT, (ak) k=2 k=2 where QT; (a, b) is e queue tine constraint tolerance
between tool a_and tool b for product i and wherein PT;(a) is the

processi ng ti nehamethggiof glaprp 8, wheygincthe multiple prosessingttisde wsfalsyl fanetion ofwher ei n

t he manuf ~hﬁ% : rd ] f manuf acturing system 7.
The nethd@ﬁ%?%c apﬁyg%ﬁakggg?wh%ﬁgnﬁ%ﬁ§§%%?ﬁ¥ﬁ%8€systen1conprises a tool in
a sem conductor wafer manufacturing system 8. The nethod of claim1,
wherein deternminin ich, if apy,. product can be introduced conprises

det ermi ni mnjf%%{ﬁgﬁh%ézﬁﬁl,al%rgpwh%rﬁmdaﬁnwéﬁp& Brosesg tte & Alsorfypctioonfa
wher ei n t heue BHletdoRlt iﬁr&%&%;tg%f&gg@;@ggﬁwtﬂi fof unction of a queue time

constrai nt between the first secon ool .



20 9. The method of claim8, wherein the nmultiple processing tinme is also
function of a queue tine constraint between the first tool and a third
tool. 10. The method of claim@8, wherein the nmultiple processing tine is
al so function of a queue tinme constraint between the second tool and a
third tool. 21 11. A nethod of nakingéﬁ sem conduct or device, the nethod
conpri si ng: processing t he sem conduct device at a first tool;

cal cul ating a tiple prqcessing demand tjine for the seni conduct or devi ce

at a thi |mel?fzﬂftfan%h%@S%tnﬁe%@tqr.dﬁw@dh%mﬁmoﬁtcom@nemahce for the
sem conduct or l;}gyésg;ﬁ gﬁtgéﬁg& dLA6r 3&9%“9 fﬁ&t?&nd a third tool; di spatchl ng
tool i

the sem conductor deVice to t e secon the multiple processing
demand tine i scalcabing hanultinke moessing demamoiivat f@ithd senfic@rivs®i dgvitds a

sem condL{ﬁ 0ﬁievi ce at the second tool; and processing the sem conductor
devi ce at ?ﬁé hird tool. 12. The nethod of claim 11, further conprising if

the multiple Rfa%ﬁﬁﬁ% @Q;u@ﬁ‘é‘ﬁﬂ%@ chhdiRint kSleBh&ERLP Ehet ﬁﬂcotnﬁﬁ celtielfeen

- constraint holding the sem conductor device until e processi ng
dermand t ithesdcend wobanchathirdteoljueue time constraint. 13. The met hod of claim

Vi at se d )
11, wherein pra‘i’ﬁa%?éﬁ%n%gché Qeemﬁzgmuc%)or%%\%tcg to the sec%%d tooltith the muit%]e 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

QO(lst _tool,2nd - tool)

MPDT (st _tool,2nd _tool) = A(2nd _tool)




tool conprises depositing a | ayer on the sem conductor device in a
deposition chanber. 14. The nethod of claim 13, wherein processing the

sem conductor device at the third tool conprises etching the |ayer. 15.
The met hod of claim 11, wherein calculating a nmultiple processing demand
time conprises calculating a nultiple géocessing dermand time between the
second tool and the third tool, whereifi*the nultiple processing demand
time (MPDT) is determned by the fornmula MPDT(Ilst_tool,2nd tool) =

Q| st _t ooMhorsdelgafopl. Zndoiqal) it brsed op the nymehes of)enaicondyetor devidesttbatiiave s based

th j ' : h d at th
T st -t ool P pybles ST BRICHE! ald N B8O Blocl Ol o MR GRE e ' 5°  2na
tool) is iedppobéstht peocesig farfot e ssmidobdnducdeicede WieGBcdid théle second

tool. 16. The method of claim 11, wherein dispatching the sem conductor
device includes selecting the sem conductor device froma group of

sem condugd or #RVieRSdJR1alh 19, wﬂér%ecﬁﬁjafb@lirgt tht Q&nl}%ﬁ&ﬂﬁ%ﬁd@%lce irfchugF;r g :v i ce

met hod of claim 11, further conprising processing e sem conduc
at a fousddetingthe ssftiemdpetordsdieniorh heregnofsendemidoctorldaiiee agkitinge second
tool but before gﬂh%cessi ng?the sem conductor device at the third tool. 18.

The met holfO8F*SBEAF HeT7eonggel

ei n processing the sem conductor device at a
fourth

17. The method of claim 11, further comprising processing the semiconductor device at
a fourth tool after processing the semiconductor device at the second tool but before

processing the semiconductor device at the third tool.

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.



tool conprises neasuring at | east one characteristic of the sem conductor
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