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ABSTRACT

Presented in this paper iglspatching rule for engineering ldiy a wafer FAB The proposed rule uses
the concept of reservatioto ensuregreatercapacity for theengineering lots. Although eeservation
based rulevas previously proposed by one of the authors, it has remdifféziilt to ensurehe necessary
capacity forthe engineering lots because of variations inpihecessing time foeach step of the process.
In this paper, we enhanced the previously propasiedo reflectthe factthat batch tools oftecausebot-
tlenecls because of their long processing timé& developed a FAB model usitige Measurement and
Improvement of Manufacturing Capacityl(MAC ) dataset 6, and performed simulations with Mo2Art
The simulation resultslearly showthe advantages of the enhatreservation based dispatching rule
overthe previouwersion of the rule and that it is vitalidentify an appropriate reservation range.

1 INTRODUCTION

As the life cycle of electronics products are reduced in the continuously changing marketplace)-semico
ductor manufacturers have tried to develop new-phiygucts in the most cost effective manner possible
(Park et al 2013Jia and Mason 2009). To survive and prosper in the maeeniconductomdustry, it is
necessary to perform consistent engineerasgarctas well as production. Engineering performance is
mainly estimated on cycle time, because it is important to process rapidly engineering lots famfaster i
plementation of product improvements and more rapid deployment of new productsnarkietahead

of one’s competitors@Ghung and Huang 2002; Crist and Uzsoy 20B&cause of the importance of en-
gineering work, there have been various studies considiénigt (high priority lot, low volume product)
that requires a short cycle time famn to engineering lotin 2011, Rezaei et al. proposed a release and
dispatching policythat consider high priority lotslt integrates the theory of constraint (TOC) and the
workload control (WLC) to improve the performance (Rezaei et al. 201.212,Zhou and Rose found
that achievinga WIP balance fohigh volume productsegativelyaffecs the ontime delivery of low
volume productsTo solve thigproblem, they proposed a dispatching ffoleachievingthe ontime deliv-

ery of low volume produstas well as the WIP (wofin process) balance of high volume produ@hou

and Rose 2012). In 2014, Chung et al. proposesservation based dispatching rule for thetiore de-
livery of high priority orders. Here, thegervation means the provisiondbahtion of capacityo support

a guarantee of tool capacity required to produigh priority orders (Chung et al 2014). The proposed
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reservation based dispatching rule considershile priority lots being processed in previous tools as
well as the wainhg lots in the queue. Once a tool is reserved, then it has to wait until the arrivalef the r
served high priority lotAlthough there have been various dispatching ridesontime delivery, still
FABs have great difficulties to achieve-tme delivery To overcome thedanitations, it is necessary to
carefully observe the attribig®f the process whereby semiconductors are fabricated on a Wheer.
number of steps can be range of 300 to 600 steps, depending on the pidaupiscessing times can
vary depending on the step being performegarticular, thebatch processing steps performed wa-

fer FAB takes as long as 10mhile the other steps in the process take only 1- to 2 hours (Sarin et al. 2011
Malapert et al 2012 which possibly leads to the creation ofamg queue. Thereforéf the engineering

lots are notproperlymanaged, then it mighesult in long cycle times (the sum of processing times and
waiting times) of engineering lot8ixby and Burda 2008).

* P :Production lot
* E :Engineering lot

Toolt Tool t-1 Tool t
(Idle) (Processing E;) (Idle)
(e 0 [>
i3
Immediate processing reservation

(a) Conventional dispatching (b) Reservation based dispatching
Tool t-k Tool t-1 Tool t
(Processing P.) (Processing P,) (1dle)

Queve )

reservation

(¢) Extended reservation based dispatching

Figure 1. Conventional dispatching, reservation based dispatching rdmthed reservation basedseli
patching.

The objective of this paper is to minimize thele timefor engineering lots with the ame deliv-
ery of productiondts. In this paperthe previougeservation based dispatching rhkes been enhanced.
Figure 1 showshe difference amonghe conventional dispatching ruléhe previousreservation based
dispatching ruleand the enhancedservation based dispatching rufée assumed tha&tool t becomes
available, and lot As waiting in Queue t (the queue of Tool t). As shown in Figure 1(a), a conventional
dispatching rule priofites only thosdots waitingin the queue of Tool tn the situatiorshown inFigure
1(a) Tool t immediately processes lof, Because there is only one () in the queue. To guarantee the
capacityrequiredfor engineering lots, the reservation based dispatching rule condideengineering
lots being processead previous tools as well as the waiting lots in the queue of Tool t, as shown in Fig-
ure 1(b). If Tool t is arranged to a batch step, then it is necessary to considaegsddeation range. By
consideing the propeties of thebatch work, the enhancedservation based dispatching rabncontrol
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therange of reservation faheengineering lotsThelonger a processing time thewider a range of res-
ervation is. Tlrefore for a batch steghe reservation range is wider than that for the other steps.

To perform the simulation, theommercial software MOZART developed by VMS solutions was
employed. The remainder of this paper is organized as follows. Section 2 describes thederdsanea-
tion based dispatching rul8ection3 presents experimental results for the MIMACG6 dataset from Meas-
urement and Improvement of Manufacturing Capacities (MIMAC). Finally, concluding remarks are pre-
sented in Section 4.

2 ENHANCED RESERVATION BASED DISPATCHING RULE

This section explains the enhadceservation based dispatching rtilat is designetb minimize the g-
cle timefor engineering lotsTo make areservationit is necessary to estimate thmival time of those
engineeringots that havenot yet arrived, whenever a tool becomes fréke important issue here is how
to calculate the arrival time tifie engineeringpts. In an environment in which thets arrive dynamical-
ly over time, it is very difficult to calculate future lot arrival time. To overcomegtoblem, it is necg
sary to carefully observe the attributasa problem involvingan engineering lotfThere is an important
attribute which distinguish this problem from a general future lot arrival information problem: Erginee
ing lotsare given priority over productidots at all steps. Tik attributegives rise to th@ossibility of es-
timatingthe accuracyof thearrival time ofanengineerindot. As mentioned above, this paper employed
theconcept of reservation to guaranteecapacity for engineerinigts. To minimizethe waiting time for
engineeringots, it is necessary to reserve engineelig at all stepsConsidering the property, we com-
putethe earliest arrival time aothe engineering lotsFigure 2 shows an exampletbh& computation of the
earliest arwal time. Engineering lot Hs being processeid step k2, andthen movedo the queue of
TG, at time t. TG, consists of Fand T,. When E enters the queue of TGT; is still processingprodic-
tion lot B. To minimizethe waiting time of g, T, prefeentially processes; over T;. As mentioned
above, the proposed dispatching rule usegsoncept of reservation féhe engineering lots. Although,P
is waiting for processing in the queue of ;J {6 can be more desirable fog & have higher priority than
P,. If E; is reserved to Jfor the period ofs-t, at time §, then T, has to wait until the arrival of,EThen,
E; canarrive in the queue of TGt time t, and the earliest arrival time of  time . We calculated the
earliesttime that & is able to move into thqueue of TG In other words, lte computed arrival time
means the earliest arrival time.
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Figure 2: Computation of dast arrival time for engineering lots

Theoverall scheme of the proposed dispatching rule consists aftages: 1) The computation of the
reservation range; and Zhe reservationof the engineering lothat can arrive the earlie®efore ex-
plaining the proposed dispatching rutes necessary to define several terms as follows.

o Tp: the toolthat performs dispatching at current time.
e R-ot : thelot for reservation.
e Pdot : thelot for immediate processing

For the first step, it is necessary to apily operation due date (ODD) rule for production hoest-

ing in the queue. The ODD rule can be used to achieve ttimerdelivery, and it is deulated in the fol-
lowing way : ODD = Due date —meaining RPT*flow factor where RPT is the raw processing time of the
lot, and flow factor (FF) is defined as the tdrggcle times divided by the raw processing tirReT).
We compute the expected finish tifee the lot that hathe highest priority byapplying theODD rule.
To determine the engineering lot for reservatibe, poposed dispatching rule uses the time esserva-
tion range. Thengineering lot to beeservedhas to arrivén the queue of a toghefore the expectedrfi
ish time of the loselected by the ODD rule.

As mentioned earlier, the proposed rule also considers thienerdelivery for production lots. So,
we have to consider anfluence from the special handling for engineering lots. The presenceief eng
neeing lots negativelaffectstheflow of the prodution lots, since engineering lots alwaysve a higher
priority than production lots at all steps. To achieve th&érae-delivery of production lots, it is necessary
to limit therange of reservation. Thus, we have to consider the maxim@senvation rargas well as the
processing time of production lot for immediate processing. Figure 3 shows the methodesmileng
candidates for reservation.istassumed that;Mas the highest priority by ODD rule. As shown in Figure
3, B, B, and k& can arrivein the queue of Thefore the expected finish time of. Plowever, we have to
considetthe limitations of thereservation rangdf the reservation range is limited-tbstep, gis excep
ed from candidates for reservation, sindalis outside theeservation range.
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Figure 3: Determination of reservation range and candidate latssienvation

In the second step, the proposed dispatching rule reserves wiediotan arrivemost quickly in the
queue of D. The method for computinthe arrivd time of theengineering It is already mentioned in
the earlier. Considering the dime delivery of production lots, we will say thae best tool for reseav
tion is the one which satisfies the following two conditions;

¢ Minimizing the waiting time othe R-lot, and
¢ Minimizing the idle time caused by reservation.

Based on the two stages, the overall dispatching rule can be descritodidws.
e Reservation based Dispatching Rule
Step 1) Het = Find the engineering lot reserved in the queueyaf T
Step 2) If (Plot is not nul) {
Tp starts processing oflBt at current time
Return ;
}
Step 3 Compute the reservation range considering the maximum reservation range
Step4) R-lot = Find the engineering ldhat can arrivéhe most quickly among engineer-
ing lots withinthe specified reservation range ;
Step 9 C-step = current step of-Rt; T-step = target step of-Rt;
Step 6) Repeat {
C-step = a next step of-&ep;
Reserve Rot for the best tool among tools deployed fost€p;
If(C-step is equal to Btep) Break;
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3 SIMULATION RESULT AND PERFORMANCE ANALYSIS

To construct a wafer FAB model, we employed dataset from Measurements and Improvement-of Man
facturing Capacities (MIMAC) that consists of seviatasets. Each datasenntainsthe following infa-
mation: product, process (flow), operator, and tool. In this paper, we usediataset that presents the
small wafer FAB. The small FAB produces npmducts having different process, and consists of 93 tool
groups. Each tool group may have multiple tools, fiotn 10. It is necessary to refer to the MIMAE F
nal Report for the explanation details (Fowler and Robinson 1995). Sind&it%&C dataset does not
reflect the nature of modern FAB, we constructed a FAB model by modifyindVMC dataset 6. The
constructed FAB model does not incorporate @pgrator information, since modern FABs are automated
andcontrolledby computersSince a tool groumustcontainsat leastwo homogeneoutools, it is ne-
essary to increase the number of toolang tool group with only one tool. Finalle reduced the exces-
sively lage batch size. These changesreperformedto enable the application of the nature of modern
FAB. However this results in a decrease the photolithography tool utilization. To solwhis problem,
the setup time and processing tisnaf some batch stepvere properly changed. We modified the FAB
model with the help of related engineers

For the experimentation of the proposed dispatching rule, we employ the Menine (Ko et al
2013). MozArf forward simulation engine based on discrete event simulation (DEVS) mimics tlae oper
tion of an actual factoryit especially focuses on loading and unloading eventsfaarehch tool, igen-
erates doading history step movementand WIP trendsTheresuls can be interfaced withlagacy line
or anarea scheduler, PM scheduler,dispatcher. MozArt LSEenables the planner to test various sce-
narios, for instance, product mix, PM schedule changg@oidiedication modification. It also enables
the detedbn of bottleneck steps or machine groups by analyzing the WIP and movement trends.

The flow factor forproduction lots is determineas 2.0. Engineering Ietare released regularlyith
the number of engineering lots set at 10Pthe numbeof production los. The FAB model was simuta
ed for nine months. Because the first six months constitute a-u@period, tis period is excludeffom
the results. To show the effectiveness of the level of reservation experiments for comparing four
different reservation rangegereconductedFigure 4 showghe simulation results.
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Figure 4: Average cycle time and tme delivery percentagfor differentreservation ranges.

We take into account percentage of tardy and average cycle time as major performance reasures.
compare thenfluence bythe reservation depth, simulation experimewese performed forsevenmax-
mum values ofeservation range, which range fr@to 6in steys of 1. Figure 4 showshe performance
measuregor the maximum reservation rangd&$e maximum range of reservation is zero means that the
rule forces engineering lots to be processed first withoutresyvations.If there are multiple enginee
ing lots, the FIFO (Firstin FirstOut) rule may be applied tselectthe oneto be processedVhen the
maximum reservation range is less than 3, the proposed dispatching rule achievetsntieedefivery of
the poduction lots. However, there is a differenoghe ontime delivery percentage of the production
lots betweerthe three case$Vhen the maximum reservation rangd isr 2,the cycle timefor the eng-
neering lots is reduced from 14.7 days to 13.9 days. Whemakanum reservation range is 3 or 4, the
proposed rule cannattainthe due datéor all the production lots. However, it still acceptable, sincs2a
tardiness level (the rate tdrdy lots)for a production lot is acceptabile practice Accordng to the e-
sults of ourexperimers, the wider the maximum reservaticange is, the shorter cycle time of engineer-
ing lots is. Althoughwe can perform dispatching by applyiagvider reservation range to minimize the
cycle time ofan engineering lot, iis not desirabldo expand theeservation range, becaudeing so
causeghe ontime delivery percentage die production los to decrease from 96% to 85%herefore,
thisis not acceptable to apply for real FAB. The simulation experiments shoantbptical reservation
range can be found. Moreoyde proposed dispatching rule guarantees the minimum cycle timei-of eng
neering lots with the on-time delivery of production lots.
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4 SUMMARY

To survivein the modern manufacturing industry, it is necessary to perform consistent engineering r
searchas well as production. Engineering lots are required to minimize cycle time for faster implementa-
tion of product improvements and more rapid deployment of preducts to markefThe objective of
this paper is to achieve the minimum cycle time of engineering lots asswgiogtime delivery of po-
duction lots.The previous reservation based dispatching rule supportsizing cycle time ofenginee-
ing lots by considering the engineerihgts being processed in previous tools as well as the waiting lots in
the queueHowever, it is still very difficult to achieve the minimum cycle timedogineering lots, since
the rule does not consider the nature of th® AA wafer FAB,the processing times can vary depending
on the step being performdd. particular, batch processing stastake as long as 1 completeas
comparedwith 1 to 2 hours forthe other processing stepSherefore,if the engineerindots are not
properly managed, thahmight result in long cycle times of engineering ldis.this study,in order to
overcome the limitationof the previous rulet wasenhancedThe enhanced reservation based dispatch-
ing rule determines thenge of reservation fdhe engineering lots, whenever a tool becomes available.
We determind thereservation range by calculatittge processing timéor the production lot having the
highest priority by ODD rule. As the processing time of a lot besdimeger, the reservation range be-
comes widerThe ruleis capable of reserving one of the engineering lots witléneservation range, and
canguaranteghe requiredool capacity fothe engineering lots. However, it mdgad tosignificant ta-
diness 6the production lots. Tamvercomethis problem, we defined the maximuralue of the reserva-
tion range, and it is possible to control teeel ofthereservations.

To simulate the proposed dispatching rule, we useddhenercial software MOZART developed
by VMS solutions and the FAB model constructed by using MIMAC dataset 6. The FAB model is modi-
fied to reflect the natures of the real modern FAB. The simulation resultsctamadvantages of the
enhaned reservation based dispatching rule over previous reservation based dispatcharg rilat it
is important to identify an appropriateservation range.
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