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ABSTRACT

In the 300 mm wafer fab with connected loops track design, the vehicle can travel not just in
one process center but all around the wide fab, and FOUP can be delivered either through stocker or
tool-to-tool directly. Transport strategy development becomes important in this novel facility. In this
dissertation, two issues of transport strategies were explored, and the simulation models abstracted
from two wafer fabs in Taiwan were used to evaluate the transport strategies and attempt to bring
this flexible transport configuration to a beneficial result.

The first issue, Search Range (SR) assignment, is to determine how far the waiting FOUPs
(WFs) or idle vehicles (IVs) should be considered for transport task when dispatching occurs, and
then indirectly limit the distance of vehicle’s empty trip (DVemp) to make the vehicle work
effectively. A two-phase approach with simulation has been developed to assign the Search Range
(SR) for studying this idea. In phase I, the number of WF and IV in the system at the time of
dispatching will affect DVemp. Further, the SR was assigned and evaluated based on the average
and standard deviation of DVemp under different numbers of WF and 1V in phase Il. The results
indicated that the SR significantly affects the performance, and alonger SR used in alight system is
feasible; ashorter SR is applicable for a heavy system.

Second, the transport strategies named as Integrated Dispatching (ID) in Tool and Vehicle
Dispatching Integrated (TVDI) architecture in a fully-automated manufacturing wafer fab were
addressed. At present, there are three transport strategies involved in vehicle dispatching, namely,
avoid blocking, avoid starvation, and accelerate batch preparation. These strategies were
developed to obviate production obstacles and to avoid capacity loss. Consequently, there are five
levels in the decision-making process of TVDI, namely, dispatching request, conditions checking,
candidate selection, dispatching rules, and result execution. Specifically, candidate selection was
classified into five categoriess FOUP-selectstool (FST), FOUP-seects-stocker (FSS),
tool-selects-FOUP (TSF), FOUP-selects-vehicle (FSV), and vehicle-selectssFOUP (VSF). The
proposed transport strategies were further implemented in VSF. The simulation results show that the
differences in the proposed strategies compared with ignoring the issues are statistically significant,
and the performances of the wafer output, cycle time, and waiting time can be improved.

Keywords. Transport strategy, Dispatching, Integrated, AMHS, Simulation
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CHAPTER 1INTRODUCTION

1.1 Motivation

Since increasing the technology of integrated circuit (IC) manufacturing from 0.18 um to 0.13
um, or even smaller than 0.1 um, airborne molecular contaminants (AMC) in the clean room had
negative effects during the process, which eventualy affected the yield. For this reason,
mini-environment manufacturing mentioned in Brain and Abuzeid [8], which emphasises
maintenance of the cleanliness classification, is implemented. Aside from its economic benefits, the
size of the wafer also increases from 200 mm to 300 mm. Also, the fully-automated transport is
implanted because of its ergonomic requirement. Fully-automated manufacturing is consequently
introduced in the 300 mm wafer fab. It brings the greatest challenge of integrating the transport and
the production elements. Moreover, an automated material handling system (AMHS) for delivering
the heavy 300 mm wafers without human involvement is the result of a breakthrough in the new

transport mode (Kaempf [25], Kurosaki et al. [28], Bahri et al. [3]).

Therefore an Automated Material Handling System (AMHS) that moves wafer from one
process equipment to another becomes a critical supporting system for wafer fabrication. The two
major sub-systems for the AMHS are interbay and intrabays. Interbay is responsible for transporting
wafer between different bays and intrabays take charge within bay transport. Generally, the 300 mm
AMHS is implemented as many separate loops, spreading out from a central loop, and is connected
in front of each functional process bay. Both |oops are located overhead to attain zero footprintsin
transport and to minimise the fab footprint (see Figure 1.1). The wafer carrier, or the front-opening
unified pod (FOUP), is a kind of closed carrier with an automated door at the front side. On the
other hand, the vehicle, an overhead hoist transporter (OHT), is capable of carrying one FOUP at a
time and has a hoisting mechanism that automatically loads and unloads one FOUP. Under this
transport configuration, vehicles are not restricted to one designated loop, but are alowed to travel
al around the wide fab. At the same time, the FOUP can be delivered directly through stockers or
tool-to-tool to their destination. Hence, a matrix of transport capabilities can aso be provided (Plata
[49)).
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Figure 1.1 Configuration of a 300 mm wafer fab.

The issues surrounding the 300 mm AMHS can be classified as facility plan and transport
operation. Once the hardware is determined, for maximum value the operation issues follow from
the hardware investment and bring the facilities into full play. However, the previous issues
regarding transport operation have been discussed separately for interbay or intrabay only, or even
both systems, but the focal topic is just considered in respect to the loops. Nevertheless, the tracks
are interlaced in the connected loops and vehicles can travel not just in one process bay, but all
around the wide fab in order to execute direct tool-to-tool delivery. The more novel the facility plan
brings the greatest challenge of integrating the transport and the production elements, particularly at
the operational level, dispatching.

The dispatching is triggered by the production or transport request. The production request is
that FOUP has to be pushed to the downstream tool when it has aready been accomplished as a
process step, or the tool pulls the FOUP for the next task when its capacity is released. Furthermore,
the transport request isinitialled by the production request for transporting the FOUP (either pushed
or pulled) to the designated location. However, these requests might not be executed immediately



due to the limited resources. Thus, the dispatching is raised to check the available capability and to
determine the resource allocation based on the designated rule. Moreover, Tool Dispatching (TD)
involves the determination of which FOUP should be process first, given that many FOUPs are
waiting to be processed. Vehicle Dispatching (VD) involves the determination of which FOUP to
trangport first, given that many FOUPs are waiting to be moved.

Furthermore, owing to the transport system becomes a critical supporting for wafer fab and the
transport strategies adopted will affect the related performance, considering the suitable transport
strategies to adopte in different shop floor situation isimportant. 1t’s the most important objective in

this dissertation.

1.2 Objective

The purpose of this dissertation is to find the appropriate transport strategies for improving the
system performance. The two transport operation issues in 300 mm fab in Taiwan were discussed.
Under the given transport facilities, the transport strategies were developed to enhance each
movement (or transport). That is, all movements of a FOUP are effective and valuable, so by using

the proposed transport strategies.

The first issue named as Search Range (SR) assignment is to “determine how far the FOUP
from the vehicle should be considered for transport when dispatching occurs, and then indirectly
limit the empty travel distance required by vehicle to pick up the FOUP” The range for search,
whether too narrow or wide, will not only increase the time of FOUP to wait for being assigned or
wait for vehicle to pick it up, but affect the utility of vehicle. Hance, an appropriate SR is required

for dispatching. To achieve the objective, some key deliverables are identified as follow:

(1) To define the factor that might affect the range of search.

(2) To anayse the distance trend and distribution of avehicle’s travel distance.
(3) Todevelop and evaluate levels of SR.

(4) To provethat SR isimportant to improve performance.

(5 To suggest apracticable SR for dispatching.

The second issue was named as Integrated Dispatching (ID). As the close interactions between
production and transport in the fully-auto manufacturing environment, the functions of transport are

3



not only to give service to the production requests, like moving FOUP to its downstream tool, but
should carry out some activities to smooth the production. Hence, the strategies regard to obviate
production obstacles or avoid capacity loss is required for production support. To achieve the
objective, some key deliverables are identified as follow:

(1) To define the interaction between production and transport.

(2) To develop the transport strategies.

(3) To provethat transport strategt isimportant to enhance performance.

(4) To suggest the appropriate transport strategy.

1.3 Scope

Figure 1.2 shows that this research is focused on shop floor control especially the transport
behavior. Due to the complicated manufacturing procedure of IC, some constraints have been

applied to address the difficulties experienced during research:

1. The transport operation is focused on transport in wafer fab. The transport of back-end
manufacturing, like wafer packaging and testing, is not considered.
2. Thisresearch is focused on transport operation. Production scheduling, release policy are not

considered, and TD isonly considered in ID issue.
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Figure 1.2 Architecture of production planning

1.4 Framewor k

The flowchart of the research approach is showen on the Figure 1.3. This research is to
integrate of TD and VD to better the transport performance in wafer fab. Most researches are
focused on either TD or VD in shop floor control. However these control strategies have significant
interactions, and should be modified accordingly for the dynamic environment. Therefore, the
appropriate integrated strageties will be suggested through the research approach. The areas of

shadow on the Figure 1.3 represent the works will be done by this research.



R h A h
ESeAreh Approse { I ntegrated Dispatching }

( Tool Dispat‘ching (TD) }

[
Work Center

Vehicle Dispatching (VD)

Egbelu and Tanchoco (1984)
Mahadevan and Narendran (1994)

EOUP Russell and Tanchoco (1984)
(Tool) Initiated Initiated | | |
—— (e g Vehiclelnitiated
(Toal) Initiated Egbelu (1987)
\ 4 . \
{ Search Range (SR) .| rce Demand Driven
{ (Shaetal.2008)  } Driven Occena and Yokota (1991)
Chapter 4 Sabuncuoglu and Hommertzheim (1992)
]
Y Y Y

rated D|

&

(Sha and Yang 2009)

chin

ID]

chapter 5

Performance | ndices

A,

(2) throughput (2) waiting time (3) standard deviation
of delivery time (4) vehicle empty utilisation

(2) wafer out(2) cycle time (3) batch
process prepared time

Figure 1.3 Research approach

The research framework is depicted in Figure 1.4. In order to undertake a thorough inquiry into

transport strategy, a comprehensive literature review is conducted, including the evolution of a

facility plan and consideration of the operational issues

the AGV system might lead to inspiration to solve similar problems. The production literature is

reviewed in order to understand the characteristics and restrictions in these areas, with domain

knowledge acquired from discussion with related staff

defined and the objective is set, the research approach is developed. The tools applied are
eM-Plant™ [17] for simulation model construction, and Design Expert [56] for design of the

experiment and results analysis. Further, the transport strategy is evaluated throughout this research

and practicable strategies are suggested.

in transport. Also, the issues derived from

in the fab. Once the research problem is
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The remainder of this dissertation is organized as follows. Chapter 2 will review the related
literature. Chapter 3 will briefly describe a 300 mm transport system in the wafer fab. The first issue
about SR assignment is addressed in Chapter 4, and the second issue about ID is presented in

Chapter 5. The conclusion and achievement are presented in the final chapter.



CHAPTER 2 LITERATURE REVIEW

The track layout and transport facility in 300mm fab is a breakthrough. Once the hardware is
determined, the operational issues follow which need to be evaluated with the aim of finding the
appropriate strategy for best performance and maximum value from the hardware investment. The
related issues about facility plan and transport operation displayed in Figure 2.1 were reviewed.
Further, due to understand the interactions between transport and production, literatures about

production dispatching were briefly reviewed.

M aterial Handling System
|
[ 1
2.1 Transport Facility Plan 2.2 Transport Operation
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Figure 2.1 Issues reviewed in material handling system
2.1 Transport Facility Plan

2.1.1 Track Design

From the economic and ergonomic requirement, the track layout in wafer fab is developed
from multiple independent loops to overhead connected loops generally. Kaempf [25] illustrated the
different overhead AMHS architectures included interbay and intrabay connected with stocker and
turntable; hybrid loop linking two bays; parking loop and vehicle dismount station; end-of-bay and

within-the-bay stocker. From that facility, the pod can be direct and manual delivered to process



tools. Plata [49] introduced a zero footprints in transport where the interbay system and intrabay
system may be linked to provide a matrix of transport capabilities. Kurosaki et al. [28] compared
the performance of isolated lines and interconnected lines, with the result that the lead time of the
interconnected line was better than the isolated line. Campbell and Ammenheuser [10] showed the
overhead 300mm AMHS with the separated interbay and intrabay loops. But the bay-to-bay
transport must travel via stocker operation. Bahri et al. [3] compared the unified and segregated
AMHS for 300mm fabs, with the results showing that system reliability of the former would be
better and provided shorter delivery times. Lin et al. [36] introduced the connecting transport for
300 mm AMHS, combining an interconnected line with a connected track in front of intrabay.

Further, the wafer delivery time can be reduced under this configuration.

2.1.2 Vehicle Mode

The types of vehicle must be evaluated synchronously while evaluating the track layout. Brain
et al. [9] introduced types of vehicle for different applications. overhead shuttle (OHS) and
overhead hoist transport (OHT) are used to overhead monoraill AMHS; continuous flow transport
(CFT) conveyor is a type of conveyor AMHS; floor based vehicles included automated guided
vehicle (AGV), rail guided vehicle (RGV) and person guided vehicle (PGV). Also, Binder and
Honold [5] indicated that AGV and RGV are set within the process bay, and PGV is utilized to
transport manually. The OHT with a hoist system is used to transport the FOUP between stocker
systems. Paprotny et al. [48] evaluated the alternatives CFT and OHT. Thelr study discovered that
the average delivery time of OHT was half that of CFT, but that the OHT system was more variable

than CFT because its alocation was less certain.

2.1.3 Number of Vehicle Required

The number of vehicles required follows for work out the transport capability, and this is
extended from the same issue in traditional AGV system. Generally, the approach with
mathematical model, analytica model and simulation are used. Maxwell and Muckstadt [43]
defined a mathematical model with a shortest route algorithm to measure the minimum travel time
of empty vehicles for obtaining the minimum vehicle number. But the algorithm did not account for

blocking or congestion in the system. Egbelu [15] proposed four analytical approaches to calculate
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the number of vehicles required in an AGV system. The main idea is to estimates the inexact time
required like the empty travel time and time affected by traffic. Arifin and Egbelu [2] developed an
anaytical model using regression to estimate the number of vehicles required in a facility, and
identified a total of 32 different facility layouts drawn from published papers involving AGVs for
defined significant factors. Further in the wafer fab, Lin et al. [36] addressed a decomposing
approach to determine the minimum number of vehicles for different vehicle types of 300mm
connecting transport AMHS. Wang and Lin [61] used the simulation and response surface method
to determine the vehicle numbersin an intrabay system in photoarea. Lin et al. [40] investigated the
number of vehicles in a double-loop interbay system through simulation, and used response surface

methodology for estimating the optimum vehicle number.

2.2 Transport Operation

2.2.1 Path-finding

Usualy, the path with the shortest distance, which does not consider the time delay in traffic,
is designated for vehicle to travel. However, it might not the shortest time path to the destination.
This issue attempts to determine the travel path according to the time-dependent in environment. In
the wafer fab, Fukunari et al. [18] proposed a dynamic path-finding algorithm with the idea of node
penalty. A node’s type was classified as routing, loading/unloading and charging node, and the
penalty was defined as the node crossing time obtained from historical data and the number of
vehicles in the queue. Further, the path with avoiding congestion was determined using the
shortest-path algorithm. The integer programming used in Liao and Wang [34] determined the path
of shortest delivery time in loop-to-loop AMHS, in which the delivery time for each loop was
estimated by neural network with simulation.

2.2.2 Traffic Management

The issues of traffic management are focused on avoiding the collision, deadlock, block and
conflict problem during transport. Three types to manage traffic for avoid collision in AGVs
introduced by Garry [19] are zone control, forward sensing and combination control. In which zone

control is to segment the path into separate zones, and only one vehicle is permitted in a given zone
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at atime; forward sensing is to use a sensing system onboard the vehicle to detect the presence of a
vehicle in front of it. In combination control, forward sensing may use in long runs while zone
control would be used in the divergence-path and convergence-path area. Further, competing for
causes deadlock or sharing limited resources like limited buffer and guide paths in a system and
then the blocking of material flow and circular wait for each other occurs. Lee and Lin [31]
proposed an agorithm based on Petri Nets to predict and to avoid deadlock in zone-control
uni-directional AGVs. In this study, two phases include deadlock prediction, which is to generate
future states to predict whether a deadlock occurs, and traveling decision, which is to prevent
vehicle forming a circular wait. Furthermore, the tandem AGV's proposed in Bozer and Srinivasan
[6] is developed for “divide and conquer” to better the complex traffic control in traditional AGVs.
The principle is to divide the workstation into several non-overlapping, independent and single
loops with the uni-direction track. The only one vehicle is implemented in each loop so that the
problem of collision, deadlock, block and conflict can be eliminated. However, the cross loop
transport needs to transit through the designed transit station, which exist other issues for studying.
Besides, in the wafer fab, Lin et al. [38] proposed four strategies for controlling the upper and lower
limits of the number of vehiclesin the intrabay to avoid congestion and let vehicles be fully utilized.

The simulation result showed that these strategies significantly improve the performance.

2.2.3 Transport Irategy

The transport strategy is developed under the give facility for improving performance, and the
simulation approach is uaually used to evaluation. The related literatures were abstracted the in
Table 2.1 with the time sequence of publication, and strategies/dispatching rule in literatures were
made a classification and listed in Table 2.2. The review of this topic was classified as three sections:
classification, comparison and evaluavtion. New strategies proposed and compared to the existing
strategies were reviewed in comparison, while the existing strategies evaluated in different

environment or system condition were reviewed in evaluation.

A. Classification of Transport Strategy

Egbelu and Tanchoco [16] classified the Vehicle Dispatching (VD) in AGV as

workcenter-initiated and vehicle-initiated, and multiple rules associate with the classifications were
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presented. Egbelu [15] further classified the vehicle-initialed dispatching into source driven (push)
and demand driven (pull), and the vehicle-initialed rules in Egbelu and Tanchoco [16] were classed
as source driven rules. A new dispatching classification was presented in Le-Anh and de Koster
[30]. The dispatching systems is classified into decentralized and centralized system, and four types
of rules in centralized system included single-attribute, multi-attribute, hierarchical rules and
look-ahead or vehicle reassignment. Also the authors addressed the genera objectives included (a)
minimizing load waiting time (b) maximizing system throughput (c) minimizing queue length and

(d) guaranteeing a certain service level at stations.

B. Comparison of Transport Strategy

A vehicle-initiated rule, modified first come first serve (MFCFS) was proposed in Egbelu and
Tanchoco [16]. In this rule, the saved call (move request) and the time the call was generated were
used for further vehicle assignment, and a department can have only one outstanding saved call for
dispersing the traffic intensity of this department. The result of comparison many
workcenter-initiated and vehicle-initiated rules indicated that the performance was sensitive only to
the vehicle-initiated rule for busy shops, and MFCFS performed better than other rules. A heuristic rule
first encountered first served (FEFS) in simple loop AGV was proposed in Bartholdi and Platzman
[4]. In the simple loop, vehicle circulates a loop continuously, and picks up the first load
encountered whenever it has available space, which will be delivered whenever reaches their
destinations. Rule FEFS compared with first come first served (FCFS), pick up task at the longest
queue (TLQ) and pick up task closest to its destination (TCD) showed that FEFS can reduce waiting

time.

Egbelu [14] proposed a demand driven rule (DEMD) for vehicle to select one part which can
eliminate tool's blocking or avoid low utilization. The simulation for comparison the source driven
rules and DEMD showed that DEMD performed better. The maximum demand rule (MD) inthe JIT
system was proposed in Occena and Yokota [47]. The authors set the threshold values for both
input and output queues, and vehicle executes the transport only when exists a move demand from a
deposit station and a part in the corresponding pick-up station. The result compared MD and DEMD
(Egbelu [14]) showed that MD performed better both on throughput and average inventory. For a
photobay in a 300 mm fab, Lin et al. [35] proposed a hybrid push-pull dispatching strategy using
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the concept of look-ahead (push mechanism) and look-back (pull mechanism) to determine the next
task for vehicle according to the states of upstream and downstream tool. Under this strategy, the
WIP and cycle time can be improved. Also the numbers of input/retrieve in stocker and unnecessary

transport can be decreased.

Sabuncuoglu and Hommertzheim [52] developed a dynamic dispatching algorithm (DDA) for
scheduling both machine and AGV. Four hierarchical logics included in AGV dispatching were
push logic for critical stations, buffer logic for central buffer, pull logic for idle workstations and
push-pull logic for the most appropriate workstation and part, and operation time and expected
waiting time on the next operation were considered in machine dispatching. The result compared
DDA and SPT/LQS, SPT/SDT, MOD/SDT, MOD/LQS indicated that DDA outperformed on mean
flow-time and mean tardiness at varying machine load levels and queue capacity. The rule BID with
the bidding function which developed to avoid outgoing buffer to become blocking and incoming
buffer to become starving, also attempts to reduce the distance of vehicle's empty trip was proposed
in Hwang and Kim [22]. The evaluation of BID with STTF and Mod FCFS showed that BID
outperformed other rules on throughput especially when system loading increased. Multi-attribute
decision rule (MADR) with attribute weights continuously modified using the neural network
approach was proposed in Jeong and Randhawa [23]. The attributes included empty trip distance,
remaining spaces in input and output buffers. The proposed rule was compared with STT/STD,
MRIQ and MROQS, and the result showed that adapting the attribute weights based on system

status can improve the overall performance.

Two vehicle-initiated rules with vehicle reassignment were proposed in Bozer and Yen [7]. In
rule modified shortest travel time first (MOD STTF), the average distance of loaded trip is set as
threshold to determine if the assigned task is committed or else vehicle might be released for others
task. Besides, rule B2D2 let al vehicles place a bid based on its current workload when a
movement request issues, and allowed vehicle to have more than one committed tasks. The rule
MOD STTF and B2D2 were compared with rule STTF and Mod FCFS. The result showed that
reassignment-based rules perform better under different layouts, and B2D2 has the strongest
performance. The comparison of single-attribute and multi-attribute dispatching rules in the
warehouse were addressed in Le-Anh and De Koster [29]. The single-attribute rules included
MODFCFS, STDF, NVF_R, NVF_RC. The vehicle empty travel distance and the load waiting time
were considered in multi-attribute rules. multi-att, multi-mod and combi. The concept of moving
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vehicle reassignment applied in NVF_R, NVF_RC and Combi indicated that vehicle might be
reassigned while the vehicle empty travel distance islonger than a distant threshold. The simulation
result showed that NVF_RC, NVF_R, Combi performed well on minimize the load waiting time,
and MODFCFS, Multi-att, Multi-mod and Combi performed well on minimize the maximum load
waiting time. The general multi-attribute metric (MAM) of vehicle reassignment was proposed in
Kim et al. [26]. In this research, the reassignment is only considered whenever the distance between
the vehicle and the load is shorter than the distance between the vehicle originaly assigned. Further
the empty trip distance and waiting time of load would be taken into account in the metric to
determine the appropriate load. The result of the rule with MAM compared to STD, B2D2 and
NVF_RC showed that reassignment-based rules out performed than STD, and the MAM is the best.

Lin et al. [36] developed the transport strategy by classifying the vehicle into four types,
Type-A, B, C, D to service the respective area in the connecting transport AMHS. Further the
tool-to-tool delivery can be accomplished by three transport methods which are the combination of
vehicle type, including Type-A and B, Type-A and C, Type-A and D. Furthermore, transport
strategy was defined as mixture of three transport methods in Lin et al. [37] and the optimum
mixture percentage wase obtained by response surface methodology. The simulation result
indicated that the transport method Type-A and D performed better on travel time, Type-A and C
performed better on throughput and Type-A and B performed better on utilization. Lin et al. [41]
extended the previous study in Lin et al. [37], vehicle can change its type according to different task
request. In this research, flexible transport strategy leads to shorter empty vehicle trips, and more
efficient dispatching.

The rule preemptive highest priority job first (PHP) to reduce lot cycle times of priority lotsin
a single loop 300 mm AMHS was developed in Wang and Liao [59]. Under PHP, any ongoing
transports which block the OHT dispatched by highest priority job will be pending until job
completes. The simulation result which compared the rule PHP, NPH (highest priority job without
privilege on other OHTs) and NJF showed that PHP can reduce cycle times of priority lots with
acceptable time delay on regular lots. Wang and Liao [60] developed an OHT policy, differentiated
preemptive dispatching (DPD) to enhance the serve of hot lot by reducing the frequently blocking
by normal lots transport. The DPD rule can re-dispatch the nearest empty OHT to the priority lot
and prohibit loading/unloading for a non-priority lot if the operation would block the priority lot.
The simulation result showed that DPD reduces the average delivery time of hot lots by 24.9%.
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De Koster et al. [13] proposed the rules using the pre-arrival information and the time
truncation in distance in the warehouse, production plant and transshipment terminal environment.
Four decision points with the associate rules in multiple-load AGV were identified in Ho and Chien
[21]. The first problem is to determine whether the next task of AGV isto pickup or delivery; the
second is to determine which delivery station the AGV should visit if the next task of AGV is
determined to delivery; the third is to determine which pickup station the AGV should visit if the
next task of AGV is determined to pickup; the forth is to determine which job should be picked up
from the output queue. The best combination rule suggested by simulation for the four problems is
DTF, SD, GOQ, 1D respectively. The Search Range (SR) for dispatching under the connected loop
AMHS was proposed in Sha et al. [54]. The ideais to ignore the waiting FOUPs which are too far
from the vehicle, so that the distance of vehicle’s empty trip and the time for FOUP to wait for
being picked it up can be reduced. The simulation result indicated that longer SR is applicable in a
light system, and in a heavy system the shorter SR is.

C. Evaluation of Transport Srategy

Four vehicle-initiated rules for lift truck dispatching in job shop were evaluated in Russell and
Tanchoco [50], including largest number in queue (LNQ), longest waiting time (LWT), preferred
order by nearest load (POR) and random assignment (RAN). The simulation results showed that the
LNQ was the most stable rule to the length of queue at the pickup stations. Yim and Linn [64]
evaluated the vehicle-initiated rule in push-based AGVs and pull-based AGVs. The proposed
vehicle-initiated rule considered two sections were part selection rule: longest waiting time (LWT),
minimum remaining outgoing queue space (MROQ), and process selection rule: longest
inter-arrival time (LI1T), maximum remaining incoming queue space (MRIQ). Further the decision
sequence in push-based AGV's was part selection then process selection, while in pull-based AGV's
was process selection then part selection. The simulation result compared the push-based with
pull-based dispatching showed that they performed equally well on average output rate. Mahadevan
and Narendran [42] evaluated dispatching rules in multi-vehicle FMS including least utilized
vehicle (LVV), nearest vehicle (NV), first available free vehicle (FAFV), fixed path vehicle
dispatch (FPVD) and modified fixed path vehicle dispatch (MFPVD). The simulation result showed
that NV performs the best, and the cycle time is reduced by 40% in MFPVD that in the FPYD.

Sabuncuoglu [51] evaluated the combination of machine rules and AGV rules under different
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system loading, queue capacity and down time. Machine scheduling rules included SPT, SPT.TOT,
SPT/TOT, LWKR and FCFS; AGV rules including FCFS, LQS, STD and LWKR. Simulation
result showed that SPT-STD out performed others rule on mean flow time in genera, and LQS
responded faster than STD to blocking if queue capacities reduced and down time increased.

Lin et al. [39] outlined dispatching strategies in a double loop interbay with three decision
points. loop selection, cassette-initiated and vehicle-initiated rule. The results showed that the
shortest distance (SD) for loop selection, the nearest vehicle (NV) for cassette-initiated dispatching
and foremost encounter first served (FEFS) for vehicle-initiated dispatching outperformed the
others. Jimenez et al. [24] evaluated the decision problem consists of selecting inner or outer rail for
inter-bay transport and selecting the lifters for inter-floor transport in the interbay with two-floor
layout. The simulation result show that the strategy based on the shortest distance and the fewer
number of waiting lots in the path can minimize average transfer time. Four dispatching decision
points and the associate rules in fab identified in Min and Yih [44] were selection lot by critical
machine: FCFS, SRPT, EDD and CR; selection lot by non-critical machine: FCFS, SRPT, EDD and
CR; selection lot by stocker: FRFS, IBF, LRS, EDD, SRPT and CR and selection lot by vehicle:
FRFS, LRS, EDD, SRPT and CR. The authors dynamically adjusted the rule combination using

competitive neural network and resulted in the superior performance to others method.
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Table 2.1 Literature of transport strategy summary

No Author Appl. Abstract (Strategy) Result Performance Criteria
(1) Dispatching classification
v" Workcenter-initiated
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Table 2.1 Literature of transport strategy summary (cont.)

No Author Appl. Abstract (Strategy) Result Performance Criteria
(1) Vehicle-initiated rule
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Table 2.1 Literature of transport strategy summary (cont.)

No Author Appl. Abstract (Strategy) Result Performance Criteria
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Table 2.1 Literature of transport strategy summary (cont.)

v Multi-attribute:
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(b) Combined dispatching (Combi)
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Table 2.1 Literature of transport strategy summary (cont.)

v/ STDF, B2D2, NVF_RC
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No Author Appl. Abstract (Strategy) Result Performance Criteria
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(2) Srategy Comparison
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(1) Search rangefor vehicle dispatching (a) Throughput
[54] Shaet al. Fab (2) Srategy Comparison * longer SR in light system, (b) Waiting time
(2006) v SR-based dispatching (SR) shorter SR in heavy system (o) Std. delivery time
v' FEFS (d) Vehicle empty utilisation
(1) Vehiclereassignment . . i (8) Queuesize
[26] Kimetal. Fab (2) Srategy Comparison E;ﬁ%gfﬁ;nbg% rules out (b) Lead time
(2007) v' Multi-attribute metric (MAM) dispatching (c) Std. lead time

(d) Vehicle status
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Table 2.2 Dispatching rule summary

No Rule Authors Workcenter Vehicle-initiated Distance- Time-  Queue-related
-initiated Source Demand related related Input Output
® WorkCenter-Initiated Dispatching
1 FARV First available free vehicle Mahadevan and Narendran (1994) V V
2 FPVD Fixed path vehicle dispatch Mahadevan and Narendran (1994) Vv \%
3 RV Farthest vehicle rule Egbelu and Tanchoco (1984) Vv \%
4 LIV Longest idle vehicle rule Egbelu and Tanchoco (1984) Vv V
5 LUV Least utilized vehiclerule Egbelu and Tanchoco (1984) Vv \% Vv
6 MFPVD Modified fixed path vehicle dispatch Mahadevan and Narendran (1994) V \%
7 NV Nearest vehiclerule Egbelu and Tanchoco (1984) Vv \%
8 RV Random vehicle rule Egbelu and Tanchoco (1984) Vv
® Vehicle-Initiated Dispatching
1. Random-Based Dispatching
1 RAN Random assignment Russell and Tanchoco (1984) Vv
2 RW Random work centre Egbelu and Tanchoco (1984) Vv
2. Distance-Based Dispatching
1 CD Pick-up-task-closest-to-its-destination Bartholdi and Platzman (1989) V vV
2 FEFS First encountered first served (loop) Bartholdi and Platzman (1989) \% \%
3 BT Fixed vehicle type dispatching Lin et al. (2003a) Vv \%
4 LLD Load-list dispatching De Koster et al. (2004) V \%
5 LTT/D Longest travel time/distance Egbelu and Tanchoco (1984) V \%
6 MRFVT Mixture fixed vehicle type dispatching Lin et al. (2003b) V \%
7 MVVT Mix virtual vehicle type dispatching Lin et al. (2004) Vv \%
8 NJF Nearest job first Wang and Liao (2003) Vv \%
9 NWF Nearest-workstation-first DeKoster et al. (2004) \Y, \%
10 POR Preferred order by nearest |oad Russell and Tanchoco (1984) V \%
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Table 2.2 Dispatching rule summary (cont.)

Workcenter Vehicle-initiated Distance- Time-  Queuerelated

No Rule Authors -initiated  Source Demand related related Input Output

2. Distance-Based Dispatching (cont.)

11 SDT Shortest distance travelled Sabuncuoglu and Hommertzheim (1992) V vV
12 SR SR-based dispatching Shaet al. (2006) V \%
13 STD Shortest travel time/distance Sabuncuoglu (1998) V \%
14 STT/D Shortest travel time/distance Egbelu and Tanchoco (1984) V \%
15 WLD Work-list dispatching De Koster et al. (2004) Vv \%
3. Time-Based Dispatching
1 CR Critical ratio Min and Yih (2003) \Y, \Y,
2 DPI Dispatching with pre-arrival information  De Koster et al. (2004) Vv Vv
3 EDD Earliest due date Min and Yih (2003) Y Vv
4 FCFS First come first served Bartholdi and Platzman (1989 Y Vv
5 FRFS First request first serve Min and Yih (2003) Vv V
6 LIT Longest inter-arrival time Yim and Linnt (1993) \Y, \Y,
7 LWKR Least work remaining Sabuncuoglu (1998) Vv Vv
8 LWT Longest waiting time Russell and Tanchoco (1984) Vv Vv
9 MFCFS Modified first come first serve Egbelu and Tanchoco (1984) Vv Vv
10 SRPT Shortest remaining process time Min and Yih (2003) Vv Vv
11 STTF Shortest travel time first Bozer and Y en (1996) V V
12 ULSAT Unit load shop arrival time Egbelu and Tanchoco (1984) Vv Vv
4. Hybrid Distance/Time-Based Dispatching
1 CI100FCFS 100 m/FCFS (hybrid rule) De Koster et al. (2004) Vv \% Vv
2 DD Dedicated dispatching (C100FCFS) De Koster et al. (2004) V \% V
3 Mod FCFS Modified first come first serve DeKoster et al. (2004) Vv \% Vv
4 NVFTP Nearest-vehicle-first with time priority De Koster et al. (2004) Vv \% Vv
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Table 2.2 Dispatching rule summary (cont.)

No Rule Authors Workcenter Vehicle-initiated Distance- Time-  Queue-related
-initiated Source Demand related related Input Output
5. Queue Size-Based Dispatching
1 LNQ Largest number in queue Russell and Tanchoco (1984) V \%
2 LQ Pick-up-task-at-the-longest-queue Bartholdi and Platzman (1989) Vv
. Sabuncuoglu and
3 LQS Largest queue size Hommertzheim (1992) v
4 LRS Lowest remaining space in stocker Min and Yih (2003) \Y, \%
5 MOQS Maximum outgoing queue size Egbelu and Tanchoco (1984) V \%
6 MRIQ Maximum remaining incoming queue space Yim and Linnt (1993) \% \%
7 MROQS Minimum remaining outgoing queue space Egbelu and Tanchoco (1984) \% \%
6. Multi-Attribute-Based Dispatching
1 BID Bidding rule H d Kim (1998 \Y \% \% \%
(0,B: simulation test) wang ancis i )
> MADR Multi-attribute decision rule \ 4 Randh 2001 v v v v
(weight: neural) RONg AR asE )
3 Muli Multi-attribute dispatching PN 2005 v v v
ulti-att - eight: pre-defined) AT ey RESET(2005)
4 Multi-mod Modified multi-attribute dispatching Le i hek 2005 v v v
ulti-mo (weight: pre-defined, p:pre-defined) e AT G Deoger (2005)
7. Demand-Based (Pull) Dispatching
Dynamic dispatching algorithm Sabuncuoglu and
1 DDA (levelslogic checking) Hommertzheim (1992) v v v v v v
2 DEMD Demand driven rule Egbelu (1987 \Y \Y, \Y \Y, \Y,
(pull system) goelu (1987)
3 MD Maximum dermand rule O d Y okota (1991 \Y, \Y, \Y \Y, \Y,
(JIT system) ccenaand Y okota ( )
4 PP Hybrid push/pull rule Lin et al. (2006) \% \% \% \% \%
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Table 2.2 Dispatching rule summary (cont.)

No Rule Authors Workcenter Vehicle-initiated Distance- Time-  Queue-related
-initiated Source Demand related related Input Output
8. Reassignment-Based Dispatching
Bidding-based dynamic dispatching
1 B2D2 . Bozer and Y en (1996) \Y, \Y, \%
(current loading)
2 Combi Combined dispatching Le-Anh and De Koster (2005) Vv Vv \% Vv
3 MAM Multi-attribute metric dispatching Kim et al. (2007) Vv \% Vv
4 MOD STTF Modified shortest travel time first Bozer and Y en (1996) V V V
5 NVER  Newestvehiclefirst with vehicle Le-Anh and De Koster (2005) Y, Y, v
re-assignment
6 NVERC Newestvehidefirst with vehicle Le-Anh and De Koster (2005) Y, Y, v
re-assignment and cancellation
9. Priority-Based Dispatching
1 DPD Differentiated preemptive dispatching Wang and Liao (2004) Vv \% Vv
2 NPH Non-preemptive highest priority job first ~ Wang and Liao (2004) \Y, \%
3 PHP Preemptive highest priority job first Wang and Liao (2003) \Y, \%
10. Other |ssues Dispatching
(1) Multi-L ood Vehicle
» (@) Task-Determination
1 DTF Delivery task first Ho and Chien (2006)
2 PTF Pick up task first Ho and Chien (2006)
3 LR Load ratio Ho and Chien (2006)
» (b) Déelivery-Dispatching
1 SD Shortest distance Ho and Chien (2006) Vv \%
2 SRPT Smallest remaining processing time Ho and Chien (2006) \% \%
3 CM Combination (SD+SRPT) Ho and Chien (2006) Vv \% Vv
4 SIQ Smallest input queue Ho and Chien (2006) Vv \%
5 LTIS Longest time in system Ho and Chien (2006) Vv Vv
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Table 2.2 Dispatching rule summary (cont.)

No Rule Authors Workcenter Vehicle-initiated Distance- Time-  Queuerelated
-initiated Source Demand related related Input Output
> (b) Delivery-Dispatching (cont.)
6 LTOV Longest time on vehicle Ho and Chien (2006) \Y, \Y,
7 EDT Earliest due time Ho and Chien (2006) Vv Vv
8 LET Longest elapsed time since last arrival Ho and Chien (2006) Vv Vv
9 SST Smallest slack time Ho and Chien (2006) Vv Vv
10 RDM Random Ho and Chien (2006) \
» (c) Pickup-Dispatching
1 sD Shortest distance Ho and Chien (2006) Vv \%
2 GOQ Greatest output queue Ho and Chien (2006) Vv \%
» (d) L oad-Selection
1 ID | denti cal-destination Ho and Chien (2006) Vv
No Rule Authors Distance-related Loading-related Queue-related Random
(2) Multi-L oop / Lifter Selection
1 FWL Fewest number of waiting lots Jimenez et al. (2002) \%
2 RAN Random Jimenez et al. (2002) \Y,
3 SD Shortest distance Lin et al. (2001) \%
4 WD WIP travel distance Lin et al. (2001) \% \%
5 WN WIP number Lin et al. (2001) \%
6 WR WIP on RTM queue number Linetal. (2001) \% \Y
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2.2.4 Performance Prediction

The prediction model developed for performance is required to provide guidance to
practitioners in selecting a preferable setting based on the changeable environment. The delivery
time forecast for both the priority lot and regular lot in the 300 mm AMHS was proposed by Liao
and Wang [34]. The authors developed a neura network model trained by an OHT loop simulation
model, and the lot delivery time in each loop can be estimated. Further, integer programming was
used to determine the loop path with the shortest delivery time, and the total delivery time can be
obtained by summarising all the delivery times in the loop-to-loop delivery path. Liang and Wang
[33] decomposed the whole 300 mm AMHS into several independent loops and used the simulation
to estimate the delivery time, waiting time, and blocking time of each transport loop by statistical
regression. Then, the loop-to-loop delivery time can be estimated by adding all the forecast delivery
times of loop along the transport path.

2.3 Production Dispatching

The production requests might not be executed immediately due to the limited resources. Thus,
the dispatching is raised to check the available capability and determine the resource allocation
based on the designated purpose. The mechanism of Tool Dispatching (TD) involves the
determination of which wafers to process first, given that many wafers are waiting to be processed.
Tyan et al. [57] used the TOC principles to propose the state-dependent dispatching rule specialy
designed for the bottleneck station. Dabbas and Fowler [12] classified the rules as local or global
policies. The latter include look-behind and look-ahead, making the decision both within and
outside the immediate neighborhood because of the re-entrance characteristics, leading to the
requirement for dispatching to take into account the status elsewhere. Besides, the combination
rules have been developed to use the mixed design to assign the optimal weight based on different
criteria. In addition, some issues are focused on areas where there are particular restrictions, such as
mask change, dedicated tool, and issues in full-batch. A mask is a glass plate with the circuit pattern
specifically designed for asingle layer. The scheduling issue attempts to minimize the mask change
times to reduce the tool’s set-up time; for example, the family-based rules, which group the same

photo mask as a family, was proposed in Chern and Liu [11], or seeks to balance the workload
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between two consecutive exposure operations, like the workload-levelling (LWL) algorithm
proposed in Kim et al. [27]. Tool dedication is due to the high-resolution operations in the critical
photo layer that have to be processed by a particular high-resolution exposure tool for accurate
alignment and to ensure quality. This ams to develop an algorithm to balance the workload of the
dedicated tool, like the evaluation of the flexible assignment policy and dedicated assignment policy
in Akcalt et al. [1], and the line balance (LB) dedication algorithm in Wu et al. [63] to smooth the
flow rate based on multi-segments. Further, the full-batch process combines multiple lots with the
same recipe for cleaning or oxidation deposition, and the related issue is intent upon reducing the
attack on production variance due to the batch collection. Weng and Leachman [62] used the
information about future arrival to develop the minimum cost rate (MCR) heuristic for reducing the
variation in lead times. Kim et al. [27] proposed the back and front queues levelling (BFQL) rule to
avoid starvation of the workstation. The agorithm used the idea of a kanban card (pull approach)
under the time constraint between wet etch and furnace, as proposed in Scholl and Domaschke [53].
However, the effect of material handling was ignored in the above studies due to the simplification

of the modelling.
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CHAPTER 3 TRANSPORT SYSTEM DESCRIPTION

3.1 Transport Facility

Generaly, the 300mm AMHS is implemented as many separate loops and spreading up from a
centre loop. In which the separate loops, intrabay systems take charge within bay transportation,
and the centre loop, interbay system is responsible for transporting wafer between different bays.
All loops are located overhead to attain zero footprints in transport and minimise the fab footprint.
The wafer carrier, or front-opening unified pod (FOUP), is a kind of closed carrier with an
automated door at the front side, and the vehicle, an overhead hoist transporter (OHT), is capable of

carrying one FOUP at atime and has a hoisting mechanism to automatically load/unload one FOUP.

Three kinds of combination of interbay and intrabay were represented in Figure 3.1. In Figure
3.1(a), these two systems were separated loops and the tasks between different bays involved
transferring by stocker. In Figure 3.1(b), these tracks were connected in front of each bay, and the
return track made the within-bay transport more efficient. In Figure 3.1(c), the tracks were
connected in front of each bay by turntable, but this turntable is a kind of resource restriction,
because there might be some vehicles waiting for a turntable to move to interbay or intrabay, or

even wait for a straight move in interbay or return to intrabay. Hence, traffic congestion occurs.

Under above combination layouts, not only can the wafer be delivered without labour for
transport loading, but also that the mishandling, particle contamination and vibration shocks to the
wafers can be reduced. Especially in Figure 3.1(b) and (c), FOUP can be delivered directly
tool-to-tool without transferring by stocker and so decreasing delivery variation. In this research,
the configuration of Figure 3.1(b) is the object of study, and the simplified layout of the object
system isdisplayed in Figure 1.1.
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(a) Separated OHT track (b) Connected OHT track with return track
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(c) Connected OHT track with turn table
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pgrg ﬂ E%p r @ Port (interface) for OHT and tool/stocker

Figure 3.1 Configurations of the 300mm AMHS

The interface for vehicle to input and retrieve FOUP through stocker in the Figure 3.1(b)
configuration is displayed in Figure 3.2. It shows that the transport can be flexibly operated for
handling different transport requirement. For instance, vehicle A will unload one FOUP to stocker A.
It can travel on interbay track to unload that FOUP on port b, or go through intrabay track to unload
on port c. The terminal port and travel path are determined based on the transport strategy.

~— Track direction Interbay track
|
StopPoint - | OHT
a ey A
b i V\
OHT N AV Connected track
]
= c|| E I ntrabay
o
i o i U-turn track
Robot crane | 9
= @
shelf [ [ [ [ N
Stocker A Intrabay track
1
[
interface between OHT J
stocker and track Track direction

Figure 3.2 Interface of OHT and stocker
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3.2 Transport Operation

The four types of the tool-to-tool transport operation between different bays utilising different
facilities are shown in Figure 3.3. The suffix number in OHT refers to the vehicle used in
transporting. Which type of operation would be used is determined based on the transport strategy.
The more times to transfer FOUP through stocker, the more time are required to complete the
tool-to-tool transport. And also, al types, except type 4, involve another complex stocker selection
issue. However, aothought the type 4 transport needs not transfer the FOUP by stocker; the directly
tool-to-tool transport requires detecting the status of both source and destination tools and the
transport will be happened while destination tool requests/pulls the next one FOUP to process from
source tool when it just becomes idle, which likes the JIT (Just in Time) concept. In this research,
only type 4 will be considered in Search Range (SR) assignment issue, while type 3 and type 4 are
considered in Integrated Dispatching (ID) issue for focusing the studies.

intrabay interbay intrabay

_____ L S =i B B L OIS A B W
A V7 S R,
_ .....> ....> .....> ....> .....> .....> 6
3 (T D> (8-> (F ) (8 (7] g
g ->[T)->08 ----------- > (70-> S
(§ —_— S ﬁ_ ..... _)_> T —_ %

)

> ﬁ >
stocker [T J) OHT

------ >typel =-->type2 —--> type3 —>typed

Figure 3.3 Types of the tool-to-tool transport operation
3.3 Dispatching Operation

The dispatching is raised to check the available capability and to determine the resource
allocation based on the designated rule. Moreover, Tool Dispatching (TD) involves the
determination of which FOUP should be process first, given that many FOUPs are waiting to be
processed. Vehicle Dispatching (VD) involves the determination of which FOUP to transport first,
given that many FOUPs are waiting to be moved. The authors classified the dispatching into five
categories, as the FOUP-searches/selects-tool (FST), the FOUP-searches/sel ects-stocker (FSS), the
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tool- searches/selects-FOUP (TSF), the FOUP- searches/selects-vehicle (FSV), and the vehicle-
searches/selects-FOUP (VSF). FST, FSS, and TSF belong to TD, while FSV and VSF are parts of
VD.

(1) FST deals with the selection of a specific tool from a set of available tools to process a FOUP’s
next step.

(2) FSS deds with the selection of a stocker for temporarily storage due to FOUP’s next step tool,

which is blocking, or the selection of an appropriate stocker for batch collection.

(3) TSF deds with the selection of a specific FOUP from a set of waiting FOUP as a tool’s next
task.

(4) FSV deals with the selection of a vehicle from a set of available vehicles to transport a FOUP

which regquests to move.

(5) VSF deals with the selection of a FOUP from a set of waiting FOUP as a vehicle’s next delivery
task when the vehicle just completed atask.

The dispatching operations in this study are foused on FSV and VSF, in which FSV resembles
work-centre-initiated task assignment and VSF resembles vehicle-initiated task assignment in

Egbelu and Tanchoco [16]. The descriptions please see Figure 3.4.

Some definitions of VD are: (1) FSV successfully means that when FSV occurs, the FOUP
finds an appropriate IV and assigns it to transport. On the contrary is FSV unsuccessfully; (2) VSF
successfully means when VSF occurs, the vehicle finds an appropriate WF and assigns it for the
next task. On the contrary is VSF unsuccessfully.  Furthermore, the statuses of vehicles include: (1)
idle, which has no FOUP to transport and waits for assignment; (2) empty, which has assigned by a
FOUP and just moves to pick up that FOUP; (3) loaded, which has assigned by a FOUP and is

executing the transport now.
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(d) FOUP-Searches-Vehicle (FSV) (b) Vehicle-Searches-FOUP (V SF)
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(1) FOUP Fa has finished the process step (1) Vehicle Vb has completed one task

(2) The next step of Fa is scheduled to tool Ta (2) Vb becomes available

(3) Which oneidle vehicle to transport it to Ta ? (3) Which one waiting FOUP for the next task ?
@ Initia-FOUP ) Idie Vehicle (1V) (=9 Initial-vehicle W Waiting FOUP (WF)
> Track direction () Assigned vehicle -e> Track direction W Assigned FOUP

Figure 3.4 Definition of vehicle dispatching operations

3.4 System Problem Descrition

In the literatures, the range of search to find the FOUP or vehicle for serviceisonly in the one
loop where the transport request initial, like Figure 3.5(a), (b) and (c). What the range of search

when dispatching occurs in the environment likes Figure 3.5 (d) is the first issue required to

treatment.
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Figure 3.5 Range of search in vehicle dispatching studies

Further, as the close interactions between production and transport in the fully-auto
manufacturing environment, the functions of transport are not only to give service to the production
requests, like moving FOUP to its downstream tool, but should carry out some activities to smooth
the production for fully-supporting. Thus, it is necessary to identify the interactions between TD
and VD, and to develop a transport strategy that will evaluate a tool’s capability and then adjust the
FOUP’s transport priority when executing VD for better vehicle allocation.

The dispatching behavior and boundry considered in above two problems are shown in Figure

1.3, and the details please see the following sections.



CHAPTER 4 SEARCH RANGE (SR) ASSIGNMENT

4.1 Problem Definition

The dispatching rules used in this study are a combination of the nearest vehicle (NV) for FSV
and the shortest travel distance (STD) for VSF, which were addressed in Egbelu and Tanchoco [16].
The bases of these distance-related rules are to minimize the distance vehicle travel empty, which is
relevant to the characteristic of the problem described in the following. In addition, the distance of a
vehicle’s empty trip is defined as DVemp, which means the distance which the vehicle travels to the
location of the FOUP without load, by which the vehicle is assigned. Please see Figure 4.1.

(a) FOUP-Searches-Vehicle (FSV) (b) Vehicle-Searches-FOUP (V SF)
S..E §..? Ta Vb §..€ Fb :on:
Fa_: i == T
: - .y..o : v . S
Soeecese ceee® e Prenee owdere P ﬁ o vees®
i ) )
W W
i w
N — —, —_— — —
Follows Figure 4.1(a): Follows Figure 4.1(b):
Vehicle Vaisassigned to Fa FOUP Fb isthe next task to Vb
@ oooe From location of empty trip ~ «<---> To location of empty trip @ --->» DVemp

Figure 4.1 Definition of vehicle’s empty trip

The utility time of a vehicle consists of above three elements’ time: idle time, empty time and
loaded time. The idle time is related to the system loading, and the higher loading is, the idle time
might be shorter. The empty time is adjustible to reductions depending on dispatching decisions, and
is considered a key element in increasing the transport time. Figure 4.2 explains the shortened
length of empty time, the transport time of FOUP can be reduced. Hence, to reduce the DVemp is a
method to reduce vehicle’s empty time and than provide the service to others transport requirement.
The loaded time is based on the transport time of a FOUP from the current process tool to its

downstream tool.
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Figure 4.2 Utility time of avehicle

When a vehicle completes atask and triggers V SF to search a waiting FOUP (defined as WF)
for the next task, the SR of VSF is used to “determine how far the WFs from that vehicle will be
considered for transport, and then indirectly limit the DVemp between that vehicle and the assigned
WF” while dispatching successfully. If the SR is set too narrow, the vehicle might find no WF in the
range, while there are actually many waiting to be transported. In addition, if the SR is set too wide
and the vehicle assigns a farther WF successfully, the empty trip of that vehicle will be increased a

significant distance from its location.

The other situation is when a FOUP completes the process step and triggers FSV to search an
idle vehicle (defined as 1V) to transport it to the next process tool or destination. The SR of FSV is
used to “determine how far the IVs from that FOUP will be considered for transport, and then
indirectly limit the DVemp” too. The range for search, whether too narrow or wide, will not only
increase the time of FOUP to wait for being assigned or wait for vehicle to pick it up, but also affect
vehicle utilisation and traffic conditions. For this reason, an applicable SR for dispatching is
required to make vehicle work effectively.

4.2 Two-Phase Approach for SR Assignment

A two-phase approach with simulation is used to develop SR. Phase | is to collect the transport
records for analysizing the trend and distribution of DVemp while Phase 11 isto design levels of SR
based on the phase | result, and then evaluate which level is practicable. The architecture of

approach is displayed in Figure 4. 3, and the details please see the following sections.
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~— (a) Phasel: DVemp's Trend and Distribution Analysis ﬁ r(b) Phasell: SR Assignment and Evaluation
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4.2.1 Phasel: DVemp’s Trend and Distribution Analysis

Some factors might affect the DVemp such as dispatching rules, vehicle travel path and so forth.
In this phase, the effect of “the number of Vs and WFs at the time when dispatching occurs” is the

focus.

A. Records Collection

The records needed to collect include: (@) the number of 1Vs and “DVemp between FOUP and
the assigned IV’ when FSV successfully; (b) the number of WFs and “DVemp between vehicle and

the assigned WF” when VSF successfully. The notations to define the records are listed as follows.

(1) FOUPand vehicle related:
(@ F: FOUR whichinitidsaFSV request.
(b) WF: waiting FOUP, which waits for avehicle to assign.
(c) V: vehicle, whichinitials aV SF request.
(d) 1V: idle vehicle, which waits for an FOUPto assign.

(2) FSV related:
(@ v: the number of 1V when FSV occurs. v=1, 2, ..., nz; hy isthe number of vehicle required
which is pre-cal culated for model.
(b) ky: the accumulated number of FSV requestsunder v. k, =1, 2, ..., k; 1 <v<n,.
(€) Oy (F.1V): the DVeemp between F and assigned 1V under the X" IV, vand k.. x=1, 2, ..., V;
I1<vsn; k=12, ..k
(d) Vdyw = Min [dyyw (FIV)].x=1,2, ...,v; 1 <v<n; k=1, 2, ..., k

(6) Vd.: the average distance of Vdy. 1 <v<ni k =1,2, ..., k.
(f) VS, : the standard variation of Vdyx,. 1 <v<n; k,=1,2, ...,k

(3) VSFrelated:

(@ f: the number of WF when VSF occurs. f =1, 2, ..., ny; n, is the biggest number of WF in
system during the simulation time period, and n, would be larger if system loading is
higher.

(b) mx: the accumulated number of VSFunder f.m¢ =1,2,....m; 1 <f<n,
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(C) dysm (VMWF): the DVemp between V and assigned WF under the y" WF, f and my. y = 1,
2, .., E1<f<nmm =12 ... m
(d) Fotpg = Min [dyns (VWE)].y=1,2, ... f 1<f<ngmy =12, ..,m

(6) Fd::theaveragevaueof Fdiy. 1 <f<nym =1,2,...,m
(f) FSrt:thestandard variation of Fdips. 1 <f<ngm =1,2,..,m.

It has to notice that when v =0 or f = 0, which was FSV or V SF unsuccessfully, no information
needs to be recorded. The following examples illustrate how to collect records. In Figure 4.4, F3 in
T12 triggered a FSV request and the number of records have been collected already is 8 (n0.=8). In
Figure 4.4(a), there are 2 IVs, which are V2 and V3 (v=2; x=1, 2); the Figure 4.4(b) is the case of
v=3 and x=1, 2, 3. If FSV occurs and there is no IV (v=0), then FSV unsuccessfully, as shown in
Figure 4.4(c). In the other situation, if the vehicle triggered a VSF request to search the next

transport task, the search direction is opposite to the direction of FSV.

(@ FSV (v=2)
3 [T24][T23] @ T24
T2 F3 T22 T25 Rule NV no.| k| v | Vdyk
T11 1le T26 ev=2,%x=12
ok : ,x=1,
= (4 ) k=k=3+1=4 | 7|5]|3]| 30
!“.’"“ MAMLEL )“ — b — dl.2,4 (F3’V2)= 25 8 3 .‘- 2 15
[T46]:] <> T_> [T31] |dh2a(F3V3)=40 ]9 | 442 | 257
T aNT4nT36) T | (131 | G224 (FS,VS)=40 =l 9 | 249 2| 29
T45 T42 3 [132] |Vd»4=25 ¥ q
Ta4 T33| | * Successfully Pe‘N,reC(,)r
(b) FSV (v=3)
3 [T14][T23] T24] | Rule: NV no.| ky | v | Vdyw
T1Z F3 «v=3,x=1,2,3
Tl e e k=ks=5+1=6 71513 30
wergent :
=) diss (F3VL)=45 | 8|3 ]i2]| 15
T e v | doss (F3V3)=40 179 | 673 357
146 i | <\ [van|[raeliy | [131] | dass (F3VA)=35 v
> \ S — new record
T42 3 Vd36=35
T4 11z T33| | Successfully
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(c) FSV (v=0)

3 |T14][T23 T24
T Fal< | [T15][12d
111 [ e T21] T26

;> (4} Rule: NV no.| k. | v | Vdy

T g E " V=0
Mi <A1t éf’ T31 7(5|3| 30
T45 2 a)[7as] | [3][T22 813|2| 15
Hraa - « Unsuccessfully

—> Track direction ===s® Search direction FOUP

C D venicedle (Y venideempty) () Vehidle (loaded)

Figure 4.4 Example of transport records collection

B. Distance Trend
Once the transport records were collected, the following data can be obtained.

(a) Vd.: the average distance of Vdy. 1 <v<n; k =1,2, ..., k

(b) VS, : the standard variation of Vd, . 1 <v<n; k,=1, 2, ..., k

(c) Fd::theaveragevaueof Fdiy. I <f<nym =1,2, .., m
(d) FSt:thestandard variation of Fdp. 1 <f<ny;me =1,2, ..., m.

Further, the average and standard deviation of DVemp under different numbers of 1V (v) and

WF (f), which are (1) Vdv and VS, under v, v=1,2,...,n; and (2) Fd+ and FS under f, f = 1,

2, ..., np can be summarised for trend observed. When FSV occurs under different v or when VSF
occurs under different f must lead to different distance required for vehicle to pick up the assigned
FOUP. This distance required implies that dispatching will be successfully when the 1V is “in the
distance” far from the F or the WF is “in the distance” far from the V. This result states that SR
might set as practicabl e distance required under different v and f.
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C. Distance Distribution

To observe the DVemp’s distribution, the distance intervals of DVemp were recorded and the
percentages of the accumulated number of each interval were calculated based on the following
rules. If the DVemp satisfied following distance interval, then record the distribution with “xc”.

Some notations were described as follows.
(1) Therulesto define the distance interval

(@ FSV records
(i) If vdv+(x-0.5)* VS, =DVemp< Vd.+x* VS;;

x=05,1, 15,2 25, 3.
(i) If Vdv+x* VS, =DVemp<Vd. + (x+t0.5)* VS, ;

x=-3,-2.5,-2,-15, -1, -0.5.
(b) VSF records
(i) If Fdr+(x-0.5)* FS =DVemp< Fd  +x* FS;

x=05,1,15 2 25, 3;
(i) If Fd+x* FS =DVemp< Fd 1 + (x+0.5)* FS;

X=-3,-2.5,-2,-15, -1, -0.5.

(2) Percentage of the accumulate distribution in distance interval

(@) ke, % =

( the accumulatenumber of FSV's DVemp fell in thedistanceinterva " xc"

*100%
the total number of FSV request

(b) m, %=

the accumulatenumber of VSF's DVemp fell in thedistanceinterva " xc"
the total number of V SF request

) *100%

The distance distribution of ky, % and my, % under FSV and V SF might bring us an idea that if
SR set under a given distance interval, the expected percentage of dispatching will be successfully.

Hence, under which distance interval will make the performance perform better can further be
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evaluated. According to the empirical rule of normal distribution in probability statistics, the normal
density curves satisfy the property that 68.26%, 95.44% and 99.74% of the observations fall within
1, 2 and 3 standard deviations of the mean respectively. Thus, for a normal distribution, ailmost all

values lie within 3 standard deviations of the mean.

Consequently, the DVemp’s trend and distribution inspired to develop SR. The main ideais to
assign SR under different v and f, and the range of search should be set no longer than 3o (3*VS,

3*FS)of vdv or Fd+.

4.2.2 Phasell: SR Assignment and Evaluation

The SR is developed for different v and f under the different system loading, and separated into
two parts, FOUP-initiated SR (FSR) and vehicle-initiated SR (VSR). Developing the levels of SR

(SR) is based on records from phase | and designed as the average distance of DVemp (\FV , E),

plus the multiple (j) of DVemp’s standard deviation (VS,, FS; ). The SR is defined as follows.

(1) FSRi;v: the SR of FSV (FSR) under MR, and SR} when IV number isv.

Vdy+(j*Vvsy) (m) if j>0

FRijv= . . 4
thetotal track lengthin fab (m) if j=0

(2) VR 1. the SR of VSF (VSR) under MR and SR, when WF number isf.

VeRy = { Fdi+(i*Fsp) (m) if j>0
thetotal track lengthin fab (m) if j=0

wherej = 0 ( SRo: FSRiov, VR o1 ) represents the current way operated in the object real fab
which is the total length of tracks around the fab. It indicates that all the WF or IV will be
considered for dispatching no matter how long the DVemp the vehicle has to travel. The purpose to
set SRy isto set as the baseline model and to test if SR is required in dispatching. Otherwise, j > 0,
implies the limited DVemp. The moving rate (MR) MR, indicates as transport amount is designed to
vary the system loadings i (see Section 4.3.2). Further, the SR will be evaluated through the

following simulation experiment.
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4.3 Simulation Modeling

The performance of SR assignment was evauated by a discrete event simulation model built
using the object-oriented simulation software eM-Plant™ [17], and the data was analyzed using

statistics software Design-Expert™ [56].

4.3.1 Capacity Facilitated

The simplified layout is a reference from Lin et al. [38], which portrays a 300mm wafer fab
from Taiwan, R.O.C. There are atotal of 123 tools and the AMHS includes one interbay and eight
intrabay systems, as depicted in Figure 4.5. Zone control is used to prevent traffic collision (Garry
[19]).

[ET107] [ET209 | [rr210] [TF310) [TF311] [TF410) [TFa11]
ET108 TF309 TE312] [Tra00 TF412
Fraod TF313] | ‘
ET105 TF308 TF408 [Tra3)
ET109 — = [91 [TF307) - TF407
ET104
TF213
TF305
ET204 Tr214] [Tra1g] [ TF404
ET112
ET203 TF417
TF303 [Tra19] [TFa03]
[ET119 TR0z | TF402 [TFa18]
ET101) | | [ET11d [ET201 | | 2 | [TF216 [tE301] L¢ M [TF321] [TF401] TF419
> o {OHT
interbay Sl * intrabay -—
]
DF814 DF801| |DF715 DF701 ‘PHGlz‘ ‘PHGOlHPHSlZ‘ -> ‘pH501‘
DF702
DFE0Z PR \—“ 1‘ ‘PHGOZHPHSll‘ l ‘PHSOZ‘
DFB17; Lo
= — ‘PHGIO‘ ‘PH603‘ ‘PHSlO‘ ‘PHSOS‘
orei1, |
DF705 ‘PHGOQ‘ ‘PH604HPH504 E} PH504‘
DF810 DF805 |DF711 [oered
DE708 ‘PHGOS‘ ‘PH605HPH508‘ 1 PHSOS‘
DF807| |DF709 DF708 ‘PHGO7‘ ‘PHGOGHPHSOA ‘PHSOB‘

—— Track direction

Figure 4.5 Simplified layout of a 300 mm wafer fab

4.3.2 Transport Information

The transport information includes (1) from-to distance; (2) from-to quantity; (3) system
average moving rate (MR) per hour, which is the average arrival rate of al the tools, and (4)

inter-arrival time of each tool, which is the average time interval of transport task requests from
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tools and follows exponentia distribution. These data were calculated from the moving records in

the manufacturing execution system (MES) over two months. Some examples are shown in Table
4.1 and Table 4.2.

Table 4.1 Examples of tools’ average inter-arrival time

MR
(lots/hr)

Tools

ET101 ET102 ET103 ET104 ET105 ET106 ET107 ET108 ET109 ET110

70
105
140

1:02:10 1:02:10 1:02:10 1:02:10 26:08 35:02 3:38:00 3:38:00 3:38:00 4:23:49
41:26 41:26 41:26 41:26 1725 2321 2:25:20 2:25:20 2:25:20 2:55:52
31:05 31:.05 31:05 31.05 1304 1731 1:49 1:49 1:49 2:11

Note: (a) The time isthe mean of exponentia distribution. (b) Time format is hh: mm: ss.

Table 4.2 Examples of from-to moving quantity

From To (Tools)

(Tools) ET201 ET202 ET203 ET204 ET205 ET206 ET207 ET208

ET201 0 4 4 55 55 39.5 39.5 39.5

ET202 5 0 145 0.25 0.25 0.63 0.63 0.63

ET203 5 145 0 0.25 0.25 0.63 0.63 0.63

ET204 15 0 0 0 35 0.5 0.5 0.5

ET205 15 0 0 27 0 0.5 0.5 0.5
255 0.5 0.5 0.75 0.75 0 40 40

ET206

4.3.3 Model Assumption

The following assumptions are made to facilitate the simulation model:

(1) Four ports of each tool.

(2) Inter-arrival time of toolsis an exponential distribution (examples see Table 4.1).

(3) Acceleration and deceleration of vehicle are ignored.

(4) Breakdown and battery recharge of vehicle are not considered.

(5) Idle vehicle (wait for request) travelsin interbay system.

4.3.4 Vehicle Number Required

The number of vehicles required is an important factor, as it indicates the transport capability.

Egbelu [15] introduced the concept of expected value to estimate the number of empty runs, and

then calculated the initial number of AGV required by performing empty and loaded runs. The exact

formulas are:



(1) The number of empty runs from station i to station j is given by gj;.

_ (Expected no.of deliveriestoi)x (Expected no.of pickups from j)
I Expected total no.of pickupsthroughout the system

i l[éf"i]*[éf jkﬂ / {ééfij]

where n is number of stations in the facility; fij is expected number of loaded trips required

between station i and station j during the period.

(2) Thetotal distance traveled from station i to station j is given by Dij.
0503y =| Al ) [+ 1y dpia )
where D'y is empty runs distance; Di is loaded runs distances; «i is node label

corresponding to the delivery station i, i =1, 2, ..., n; B isnode label corresponding to the
pickup station j, j =1, 2, ..., n; d(Bi,a ) isdistance between nodei and nodec ;.

(3) The number of vehiclesrequired is calculated according to

n n n n

N =[S0 v [ I3 6 | () | (60T ~t)
i=1j=1 i=1j=1

where T is length of the period during which the f;; exchanges occur (hours); V is average

vehicle travel speed; t, is mean time to unload a vehicle; t; is mean time to load a vehicle; tis

mean expected lost time by each vehicle during atime period of T due to battery change.

In this study, n = 123; T is two months which is 86,400 minutes; V = 1m/sec; t,=t;= 20 sec; t =
0. From the formulae and the moving data described above, we can obtain N (vehicle’s initial
number) = 4.18; however the number was underestimated because the formulae did not estimate the
time increase caused by traffic problems like congestion, nor the vehicles’ idle time. Therefore,
experiments to evauate what the multiples of N to set as vehicle number in the model were
performed. The experiment evaluated four levels of multiples, as 1.5, 2, 2.5 and 3 for N with the
simulation model described above. The indices are described in Section 4.4.1, except vehicle empty
utilisation was replaced by vehicle utilisation to be fully utilised. The bigger the vehicle utilisation,

the better. The experiment condictions are described in Section 4.4.2.

The result shown in Table 4.3 showed that the fewer number of vehicles leads to higher vehicle
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utilization but longer time-related indices; gaining the shorter time-related indices needed more
vehicles but lower vehicle utilization. Hence the multiple response method to integrate multiple
indices into one is used. For the analysis procedure, please refer to Section 4.4.3 B. The result
showed that if the vehicle number is | N x 2(multiples) |= 9, it would make the system stable and
the indices performed better than other multiples. Hence the vehicle number was set as 9 for the

following experiments.

Table 4.3 Experiment result of vehicle number required
TP stdDT WT  Vutil

MR (lots’hr)  Sequence multiples (lots) ()  (se0) (%) Desirability

1 2 45965.8 408 342 363 0.616 Selected
70 2 2.5 45946.0 378 273 289 0.527

3 3 45988.7 365 317 241 0.197

4 15 45959.3 511 457 492 0.187

1 2 68948.8 532 416 577 0.614 Selected
105 2 25 68737.0 420 288 446 0.296

3 3 68911.3 38.7 224 368 0.216

4 15 68998.3 944 764 79.7 0.128

1 2 91824.9 86.7 65.6 815 0.626 Selected
140 2 25 91644.7 539 375 626 0.495

3 3 91687.3 433 272 505 0.179

4 15 91745.0 243.7 1775 979 0.111

4.4 Simulation Experiment
4.4.1. Performance I ndices

The performance indices are outlined as follows for evaluating the proposed transport strategy

under the simulation conditions described in Section 4.3.
(1) Throughput (TP, lots): the total quantity of transport tasks completed;

(2) Waiting time (WT, sec): the time that FOUP waits for a vehicle to assign, not including the time
of the vehicle’s empty trip to pick it up;

(3) Standard deviation of delivery time (stdDT, sec): standard deviation of delivery time, which is
the time from FOUP requests to move to when that FOUP is loaded on the destination by

vehicle;
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(4) Vehicle empty utilisation (Vemp, %): the utilisation of vehicle for empty trips.

The standard deviation of delivery time is used to obtain expected and stable status, where a
smaller number is better. The lower the vehicle empty utilisation is, the better. These indices are not
only used to evaluate the performance, but also to verify whether or not the system is stable under
different scenarios. If the indices show that the system is unstable under certain scenarios — in other
words these scenarios are not practicable — they will be deleted and not considered in the follow-up

anaysis.

4.4.2. Phase | Experiment

A. Experiment Design

The transport records under different system loading are collected, in which the system loading
isdefined as vehicle’s loading rate in this research. Three levels of system loading MR asMR;, i =1,
2, 3, where MRy, MR;, MR; is 70 lots/hr, 105 lots/hr, 140 lots/hr respectively indicates the vehicle’s
transport amount per hour, and the vehicle's loading rate corresponds to these three levels of MR is
36%, 58%, 82% respectively (shown in Table 4.3). The higher the MR means the higher the
transport requirements, and then brings the higher vehicles loading rate under the fixed vehicle

number environment (N=9).

This experiment was performed by one factor, MR, with three levels. The dispatching
procedure is shown in Figure 4. 3(a), and four indices are measured to verify whether or not the

system is stable.

B. Experiment Results and Discussion

From the indices measured by simulation, the residual analysis of these data satisfied the
model assumptions (normality, independence of error term, constant variance) (Montgomery [45])
and there is no significant difference between the replications at each level of moving rate (MR).
The transport records from one replication were picked out randomly, and the average and standard
deviation of DVemp under different numbers of WF (f) and IV (v) were summarised for observing

the DVemp‘s trend (Figure 4.6). Some discussions are as follows.
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(1) The more IV was, the shorter Vd. and VS, when FSV occurs. See Figure 4.6 (a), (c), (€); the

more WF was, theshorter Fd ¢ and FS: when VSF occurs. See Figure 4.6(b), (d), (f).

(2) F or V may find and assign the nearer IV or WF and make the shorter DVermp if there are more
IVs or WFs; F or V may find and assign the farther 1V or WF and make the longer DVemp if

there are fewer 1Vs and WFs.

(3) The number of IV and WF at the time when dispatching occurs will affect the DVemp.

(a) FSV- MR1: 70 lots/hr (b) VSF- MR1: 70 lotg/hr
100 25% 120 70%
— 0 ~ 100 102 4 60%
£ 80 20% | g o ] Sge
@ 60 15% 2 60 1 40%
4 0,
g 40 35 10% | 5 49 | |# | 200
.g 20 H 5% 3 20 1 10%
0 el ] 0% 0 0%
123456789 1 2 3 4 5 6
Idle vehicle number (v) (n,= 9) Waiting FOUP number (f) (n,= 6)
[CJkv% -e\Vdv -e\VSv C1mf% -o-Fdf - FSf
(c) FSV- MR2: 105 lots'hr (d) VSF- MR2; 105 lots/hr
100 25% 120 50%
'g 80 20% —~ 100 40%
E E g0
o 60 15% o 30%
£ 40 10% | & 0 9
3 g § 40 31 291 20%
'8 20 . 5% '(Dﬁ 20 H ﬂ41 39 37 38 10%
0 0% 0 I I I ﬂ 1Tl 3 0%
123456789 1 2 3 456 7 8 91011
Idle vehicle number (v) (ny=9) Waiting FOUP number (f) (n,=11)
CIkv% -e-Vdv -eVSv CImf% o Fdf - FSf
(e) FSV- MR3: 140 lots/hr (f) VSF- MR3: 140 lots'hr
100 25%| | 120 25%
—~ 80 200%)| | ~100 |10 1 20%
E E 80 9
< 60 15%| | 3 59 1 15%
o o 60 2552 47
E 40 . 10% E 40 1 B9 st 4341 393634 5,3 33 39192; 10%
A 20 3 5% | | & 20 Hﬂ?’5343332323031323131 | 5%
0 0% 0 | I ien o0 1 122,17 0%
123456789 1 3 5 7 9 11 13 15 17
Idle vehicle number (v) (n;=9) Waiting FOUP number (f) (n,=18)
[Clkv% -eVdv -+ VSv CImf% -o-Fdf - FSf
Figure 4.6 DVemp’s trend
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Furthermore, the DVemp’s distribution displayed in Figure 4.7 show that the DVemp’s
distribution gathered between the intervals from -2.5¢ to 3o and amost all the DVlemp of transport

records felled into these intervals.

(a) FSV- MR21:70 lots/hr

distance distribution of DVemp

0%

(b) VSF - MR1:70 lots/hr

distance distribution of DVemnp

40% 120% |[40% 120%
97.2 99.8 98.7 100.0
31.8 31.6 .
30% 90% | |30% /93' L 997 90%
20% 60% | |20% 1 60%
10% 30% | |110% 30%
0% 0%

0%

distance distribution of DVemp

0%

o O
-~ ~
Yo+

+
distance distribution of DVemp

Clkxo% - accumulative k xc% C1m x0% - accumulative m xc%
(c) FSV- MR2:105 lots/hr | (d) VSF - MR2:105 lots/hr .
0, 0,
40% e oo cog 120% [40% s1 1000 120%
30% ' 90% | |30% 90%
20% 60% | |20% 60%
10% 30% | |10% 30%
0% 0%

0%

0%
)

distance distribution of DVemp
Clkxc% - accumulative k xc%

0%

e}
-—
1

distance distribution of DVemp
Cm xc% - accumulative m x6%

Clkxc% - accumulative k xc% C1m xc% - accumulative m xc%
(e) FSV- MR3:140 lotghr (f) VSF - MR3:140 lotghr
40% 072 e 120%,| [40% 978 1004 120%
30% 90% | |30% 90%
20% 60% | |20% 60%
10% 30% | |10% 30%
0% 0%

Figure 4.7 DVemp’s distribution

Consequently, the DVemp’s trend and distribution inspired to develop the SR assignment. The
main ideais that more WFs or 1Vs in the system made the shorter DVemp, so shorter SR is adequate.
Otherwise, fewer Vs or WFs in the system made the longer DVemp, so alonger SR is required and
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has a higher chance to dispatch successfully. Hence we will design an appropriate SR under a

different number of 1V (v) and WF (f), and the SR should be set no longer than 3c of Vdv or

Fd«.

4.4.3. Phase || Experiment

A. Experiment Design

Two factors are designed to evaluate the appropriate SR under a different number of IV (v) and
WF (f), and only the WFs or 1Vs in the assigned range will be considered when dispatching occurs.
The dispatching procedure is shown in Figure 4. 3(b). The factors and levels selected were as

follows.

(@ Factor A: Moving Rate (MR); numeric factor, three levels. Levelsof MR were MR, 1 =1, 2, 3,
where MRy, MR;, MR3 is 70 lots/hr, 105 lots/hr, 140 lots/hr respectively.

(b) Factor B: Search Range (SR); categorical factor, six levels. Levelsof SRwere SR, j = 1, 1.5, 2,
2.5, 3, 0. The SR definition was made as follows, and the levels of SR are shown in Table 4. 4

(1) FSRjv: the SR of FSV under MR and SR; when [V number isv.

vdy+(j*Vsy) (m) if j=1152 253

FRi iy =
Y {608.50 (m) if j=0

(2) VSR the SR of VSF under MR, and SR, when WF number isf.

Fdr+(i*FSf) (m) if j=1152 253

VR, j, f = -
60850 (m) if j=0

Wheev=1,2, ...n; m=9;f=1,2,...,m =611, 18 a i =1, 2, 3 respectively (see
Figure 4.6).
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Table 4. 4 Levels of SR assignment

Fs%iv(m)

i=1 i=2 i=

v i i i
05 1 15 2 25 3 0O (05 1 15 2 25 3 0 05 1 15 2 25 3 0
1 111 131 152 172 193 213 608.5 111 132 152 173 194 214 608.5| 114 135 156 177 198 219 608.5
2 86 104 121 138 155 173 608.5| 86 104 121 139 156 174 608.5 87 105 123 142 160 178 608.5
3 74 90 105 121 136 152 6085 74 90 105 121 137 153 6085 74 90 106 122 138 154 608.5
4 67 82 96 111 125 139 6085 67 81 96 111 126 140 6085 65 80 95 109 124 138 608.5
5 61 75 88 102 115 129 6085 61 74 88 101 115 129 6085 61 74 88 102 115 129 6085
6 57 70 83 95 108 121 6085 56 69 82 95 107 120 6085 56 69 82 95 108 120 608.5
7 54 66 78 90 102 114 6085 53 66 78 90 102 114 6085 52 65 77 89 101 113 6085
8 52 63 75 87 98 110 6085 51 62 74 86 97 109 6085 49 61 73 84 96 108 6085
9 49 60 71 83 94 105 6085 47 58 69 80 92 103 6085 47 58 69 80 91 102 608.5
VR, (M)

i=1 i=2 i=

f i i i
05 1 15 2 25 3 0O (05 1 15 2 25 3 0O |05 1 15 2 25 3 0

1 123 144 165 186 207 228 608.5 122 145 167 189 212 234 608.5| 124 146 169 192 215 238 608.5
2 99 120 141 163 184 205 608.5| 100 121 143 164 185 206 608.5) 100 122 144 165 187 209 608.5
3 81 99 117 136 154 172 608.5 87 108 128 148 168 188 608.5/ 87 108 128 149 169 190 608.5
4 76 94 113 131 149 167 6085| 81 101 121 141 161 181 6085 79 99 118 138 157 176 608.5
5 65 81 97 113 130 146 6085 73 92 112 131 151 170 6085 74 93 112 132 151 170 6085
6 36 46 56 66 76 86 6085 68 86 105 123 141 159 6085 70 88 106 125 143 161 608.5
7 73 91 110 129 147 166 6085 64 82 99 117 134 151 608.5
8 50 64 78 92 106 119 6085 60 77 94 111 128 145 608.5
9 55 71 87 104 120 136 6085 57 74 91 107 124 141 608.5
10 42 54 65 77 89 101 6085 55 71 87 103 120 136 608.5
11 30 32 33 34 36 37 6085 52 69 85 101 117 133 608.5
12 49 64 79 94 109 124 6085
13 47 62 78 94 109 125 6085
14 b5 71 87 103 120 136 608.5
15 49 64 79 95 110 126 6085
16 55 70 86 101 117 132 608.5
17 29 40 51 62 73 84 6085
18 29 38 46 55 63 71 6085

A traditiona statistical experimental design with two-factor full-factorial (Montgomery [45])

was used. The number of scenarios was 3(MR)*6(SR) = 18, and the number of experiments

performed was 18(combination)* 10(replications) = 180. The simulation interval was 30 days, and

warm-up was 2 days.

B. Experiment Result and Discussion

The ANOVA analysis as summarised in Table 4.5 indicates that the MR significantly affects all

indices. Also, the SR and the interaction significantly affect all indices except the TP at 95%

confidence level. The response trend under levels of MR and SR can be observed from the

interaction graphs, as depicted in Figure 4.8.
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Table 4.5 P-valuesin SR phase Il experiment

Factors

H 2
Indices MR SR MR? MR*SR R
TP (lots) < 0.0001* 0.4611 0.0122* 0.2997 0.9999
WT (sec) < 0.0001* < 0.0001* < 0.0001* < 0.0001* 0.9715
stdDT (sec) < 0.0001* < 0.0001* < 0.0001* < 0.0001* 0.9825
Vemp (%) < 0.0001* < 0.0001* < 0.0001* < 0.0001* 0.9996
*=gignificant at 95% confidence level
(@) TP (lots) (unit: 1000) (b) WT (sec)
Interaction Graph Interaction Graph
100 130
A: MR,
85| o 105 |
A: MR,
70 a—a . . | 804
557 AMR, | 9]
40 30 A MR,
SR; SRy 5 SR, SR, 5 SR; SR, SR; SR; 5 SR, SR, = SR; SR,
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Figure 4.8 The Interaction graphs of MR and SR

Further, the Post Hoc Multiple Comparisons was done with the least significant difference
(LSD) method to compare al pairs of the six SR under each of the three MR, as summarised in
Table 4.6. The value is the mean of performance, measured from the 10 replications, and the rank in
the different alphabet means the effects of SR were significant at 95% confidence level. Table 4.6
implied that the shorter SR made for alonger WT because the narrow range decreased the chance
for the vehicle to find the WFs, and then the WFs need more time to wait for being assigned; the
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Vemp would be lower (better) and indicates vehicle work more efficiently while SR is shorter.

However, no SR outperforms the othersin al indices.

Table 4.6 Post Hoc Multiple Comparisonsin SR phase |1 experiment

MR Indices
(lots/hr) SR TP (lots) WT (sec) stdDT (sec) Vemp (%)
rank mean rank mean rank mean rank mean

R, A 46016.6 F 126.461 E 110.121 A 10.141
Ris A 46016.5 E 69.673 D 60.955 C 10.296

70 R, A 46016.8 D 50.376 C 47.398 BC 10.251
K5 A 46016.7 C 42.346 B 43.070 AB 10.216
R, A 46016.4 B 36.860 A 41.220 AB 10.196
Ry A 45965.8 A 34.192 A 40.803 AB 10.203
R, A 68946.5 D 76.295 D 81.238 A 17.167
Ris A 69011.8 C 49.328 C 60.999 B 17.951

105 R, A 68946.9 B 43.230 B 55.840 C 18.116
R5 A 68947.1 A 42.111 A 53.778 D 18.195
R A 68946.7 A 41.930 A 53.278 D 18.182
Ky A 68948.8 A 41.565 A 53.178 Cbh 18.173
KR, A 91687.7 C 82.731 C 100.732 A 25.629
Ris A 91890.4 B 69.161 B 89.929 B 27.789

140 R, A 91687.9 A 66.607 A 87.376 C 28.579
Ry A 91688.5 A 65.974 A 86.772 D 28.849
R, A 91687.6 A 65.944 A 86.638 D 28.886
Ry A 91824.9 A 65.611 A 86.744 D 28.866

Therefore, a multiple response method called desirability (Myers & Montgomery, Stat Ease)
[46, 56] is used to integrate multiple indices into one. The method makes use of an objective
function D(X), called the desirability function.

D (dlxdzx---xdn)i(lﬂ[ dij"

i=1

where n is the number of responses; di is the desirable range for each response, 0=di = 1; and D(X)
is a geometric mean of al transformed responses. The desirability of SR under MR, is shown in

Figure 4.9, and some discussions are as follows.
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(8 A: MR (70 lots/hr) (b) A: MR, (105 lots/hr) (c) A: MR3 (140 lotg/hr)
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Figure 4.9 The desirability of SR for each MR

(1) SRy is not applicable in any system loading. Too narrow a range decreases the chance for
dispatching successfully, and then makes more WT and higher stdDT for FOUP, even if it can
enable lower Vemp; see Figure 4.9 and Table 4.6.

(2) In alight system (fewer WFs) such as MRy, a shorter SR is not appropriate. Responses to the
phase | result in fewer WFs making a longer DVemp. Hence a longer SR such as SR, 5 or SR; or

SRy makes for better performance; see Figure 4.9(a).

(3) In a heavy system (more WFs) such as MR, and MR, the longer SR is not required. Responses
to the phase | result in more WFs making a shorter DVemp. Hence a shorter SR such as SRy 5

makes for better performance; see Figure 4.9(b), (c).

(4) The WFs or Vs far from V or F could be ignored by setting an appropriate SR. For instance,
ignoring 7.5% (4.8% + 2.1% + 0.6%) IVs for FSV and 7.5% (5.3% + 1.9% + 0.3%) WFs for
V SF, of which the DVemp is longer than the interval +1.5¢ under MR3 to improve performance;

see Figure 4.7(e), (f) and Figure 4.9(c).

(5) Theresult of testing if SR is required also can be seen. SRy might be used in alight system such
as MR, because of its simpler control logic and performance is close to the optimal SR;; see
Figure 4.9(a). However, if system loading is increasing to MR, or MRs, SRy is not applicable;
see Figure 4.9(b), ().

Finally, the model equations in terms of coded factors (because there is a category factor) can
be used to predict the response at a interesting point, where code for factor A: MRis-1, 0, 1 at MR,
MR, MR; respectively, and B[1], B[2],..., B[5] is to represent factor B: SR as SR;, Ry 5,..., R
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respectively. The code for factor B: SR is0 or 1. The model equations aso can provide guidance for
practitioners in selecting the preferable setting based on the changeable environment and

performance measures.

(1) TP(lot) =
68958.0 + 22868.2 A - 19.9*B[1] + 69.4* B[2] - 19.7+B[3] - 19.4*B[4] - 20.0* B[5] - 81.6*A? -
32.6*AB[1] + 68.8*AB[2] - 32.6* AB[3] - 32.3* AB[4] - 32.6* AB[5]

(2) WT (sec) =
49.1+ 4.7*A + 35.7%B[1] + 3.3*B[2] - 6.1*B[3] - 9.3*B[4] - 11.2*B[5] + 15.6*A” - 26.5*AB[1]
- 4.9*AB[2] + 3.4*AB[3] + 7.1*AB[4] + 9.9* AB[5]

(3) StdDT (sec) =
59.7 + 16.2*A + 28.5*B[1] + 1.7*B[2] - 5.4*B[3] - 7.7*B[4] - 8.5*B[5] + 13.8*A? - 20.9*AB[1]
- 1.7*AB[2] + 3.8*AB[3] + 5.6*AB[4] + 6.5*AB[5]

(4) Vemp (%) =
17.96% + 8.94%* A - 1.129%*B[1] - 0.08%* B[2] + 0.22%* B[3] + 0.33%* B[4] + 0.33%*B[5] +
1.19%+ A% - 1.20%* AB[1] - 0.20%* AB[2] + 0.22%* AB[3] + 0.38%* AB[4] + 0.40%* AB[5]
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CHAPTER 5 TRANSPORT STRATEGIESIN INTEGRATED

DISPATCHING (ID)

5.1 Problem Definition

The dispatching procedure of the object fab shown in Figure 5.1 illustrates that the transport
priority of the FOUP (defined as a process unit with 25 pieces of wafer in it) is based on the longest
waiting time first, as the source driven dispatching (Egbelu [14]). It might appear that a FOUP is
being moved to atool, but in reality, many FOUPs are ready for process in the tool’s port, which
means that the tool does not need more WIP. The same circumstance occurs if the FOUP is
transported to its downstream tool, however, this FOUP keeps circulating on the vehicle because the
tool is blocked and there are no available ports to load it on. At the same time, other starving tools
remain idle, and the tool’s capacity might be lost because the FOUP requested by the starving tools
is waiting for transport — this FOUP is not the longest waiting. Also, FOUP might not obtain the
highest priority (the longest waiting time) to be moved for gathering in the stocker before the
furnace process. This means that there will be a larger variance time period for batch collection.
Unfortunately, these situations are caused by omitting a tool’s capability when executing Vehicle
Dispatching (VD) and the vehicles transporting the wrong FOUP to the wrong tool. This aso

implies that there is a misallocation of vehicles.

Thus, it is necessary to identify the interactions between Tool Dispatching (TD) and VD, and
to develop a transport strategy that will adjust the FOUP’s transport priority according to “special

properties” for better vehicle allocation.
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Figure 5.1 Dispatching decision-making procedure
5.2 Transport Strategy

The current VD is based on the attribute of FOUP which is to select the longest waiting time
first and then determine the destination, either the tool or stocker. This operation can be therefore

described as source driven dispatching in Egbelu [14]. The transport strategy the author proposed
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considers the demand states of the tool first, like blocking, starving or batch process, and then
selects the appropriate FOUP for that tool. This is described as demand driven dispatching in
Egbelu [14]. Hence, the demand driven transport is proposed in the Integrated Dispatching (ID) in

this research.

5.2.1 Avoid Blocking

To avoid tool blocking, there is a need to detect the states of a tool’s port. This will determine
if thereistool blocking occurrence. Specifically, there are five states of a tool’s port identified in the

study. They are notated as Pa, Pr, Pp, Pn, and Po.
(1) Pa: port available for assignment (avail .-port).

(2) Occupied port:
(@) Pr: the port is reserved by a FOUP on the way to thistool (res.-port).
(b) Pp: the port is occupied by a FOUP which the wafersin it are processing now (proc.-port)
(c) Pn: the port is occupied by a FOUP which is waiting for processing (in-port).

(d) Po: the port is occupied by a FOUP which is waiting to be moved (out-port).

The state of the port changes dynamically and is in only one, of the five states. nPa, nPr, nPp,
nPn, and nPo are the ports numbered Pa, Pr, Pp, Pn, and Po of atool respectively. To determine the
number of available ports, the equation is nPa = nP — nPr — nPp — nPn — nPo, where nP is the total
number of a tool’s port and nPac {0,1, ..., nP}, nPre {0,1, ..., nP}, nPpe{0,1}, nPne{0,1, ..,
nP-1}, nPoe {0,1, ..., nP}. Likewise, blocking occurs if nPa = 0, nPo > 0, and if there is a FOUP
scheduled to be loaded to this tool. The FOUP in Po is considered as a blocking FOUP.

For example, Tool A has four ports in Figure 5.2, and FOUPs f5 and fg are scheduled for
loading to the tool but are stored somewhere. Meanwhile, f, is processed and f; is scheduled for
processing after f,. f3 have finished the step and f4 is being moved to port ¢ by v;. The states of ports
a, b, ¢, and d at thistime are Pn, Pp, Pr, and Po respectively. nPn, nPp, nPr, and nPo are the same,
and have no available port. In this case, blocking occurs because nPa =0, nPo =1 > 0, fs and fs are
gueued to be processed. The f3 is ablocking FOUP, and fs or fg cannot be loaded in the tool until f3

is moved out.
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Tool A (NP =4)

Port states:
porta: Pn

portb: Pp
port c: Pr
port d: Po

Figure 5.2 States of atool’s port

The avoid blocking strategy will enable a higher priority of blocking FOUP to be transported,
which leads to the release of the port’s capacity. Furthermore, the tool’s blocking status is removed

and the production obstacle is obviated.

5.2.2 Avoid Sarvation

The avoid starvation strategy will enable a higher transport priority to the FOUP (named
starved FOUP), which is requested by the most starving tool group, the tool group which has the
Max (UD;). The following notations are used to illustrate:

(2) i: tool group wherei =1, 2, ..., n. n: number of tool groups.
(2) j: tool, wherej =1, 2, ..., ni. n;: number of tools which belong toi, jei.
(3) UP;: planned utilisation of i, which is calculated using the static capacity analysis under the

planned wafer out per month.
(4) UA;;: average actual utilisation of j, j i.

(5) UA;: average actual utilisation of i, whereUA, = %UAi i ,jEl.
=

(6) UD;: average difference utilisation, where UD; = UP; — UA.

The UA;;, UA;, and UD; are calculated every 12 hours (2 shifts/day). This strategy indicates
that in order to reach the planned wafer out, the UA; has to achieve the planned UP;. This also

implies that the tool’s move (the volume of process complete) does not meet the plan, in fact, the
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tool is idle more than the expected time, making many FOUPs pile up somewhere. Thus, if a tool
group has the highest UD;, it is considered as the most starving tool group in the pipeline. Hence,
the starved FOUP is given a higher priority using the avoid starvation strategy, which will in turn

avoid the capacity loss and smooth out the production.

5.2.3 Accelerate Batch Preparation

Moreover, the production cycle of the FOUP consists of three elements, namely, processing,
transporting, and waiting, where waiting time is adjustible to reductions depending on dispatching
decisions. Due to the need to fill a batch of up to six FOUPs in the stocker before the furnace
process, the waiting time for the batch preparation is considered a key element in increasing the
cycle time. Figure 5.3 shows the time for the FOUP to prepare the batch process. It explains the
shortened length of time for period 1 and period 3, i.e. the time the FOUP waits for VD in the tool’s
out-port, the waiting time can be reduced and batch preparation can be accel erated.

lem e O W - process prepared time ———— ————————. >l
start the .
FOUP’s step k finished &
& asks an available vehicle beloaded beunloaded batch has beloaded  be unloaded
( step k+1isbatch process) onvehicle tostocker  formed on vehicle to batch tool
_____ tool’s ..... i »|eoo Stocker’s _____, icle | batch tool
Iq out-port >I<- vehicle 4(- stocker 4 out-port I(- vehicle J (process)
| ; | | | : | | > time
Period 1 - -
‘\ erlod/“\ )‘\ /‘\PerlodZ/‘\PerlodB)\ )‘\ /‘
waitsfor waits for be waitsfor  waitsfor waitsfor be

vehicleto vehicleto transported  batch  vehicleto vehicleto transported
assign  pickup tostocker collection  assign pick up to batch tool
(dispatch) (dispatch)

e——eventpoint  <---> FOUP’slocation X __# time period

Figure 5.3 Time composing of batch process preparation

Likewise, the accelerate batch preparation strategy will enable a higher priority of FOUP
(named batch FOUP), which fulfills the status in both time periods 1 and 3 to be transported. Then,
not only can the variance time period to prepare the batch be decreased, but aso the capacity loss

due to the tool being idle for batch preparation can be reduced.
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5.3 Tool and Vehicle Dispatching Integrated (TVDI) Architecture

5.3.1. Decision-making Procedures

A five-level decision-making procedure is implemented in the Tool and Vehicle Dispatching
Integrated (TVDI) architecture. The first level is the dispatching request, in which the request is
triggered by a production or transport event: (el) when a FOUP has just finished one process; (e2)
when a FOUP is picked up from the tool’s port by a vehicle and the capacity of the tool’s port has
just been released; (€3) when FOUPs required to form a batch are available in the stocker; (e4)
when a movement request from FOUP is initiated by above three events; (€5) when a vehicle
unloads a FOUP at a tool’s port, and the vehicle’s capacity has just been released. The events (el),

(e2) and (e3) are for production and (e4) and (e5) are for transport.

The second level is the resource checking, in which the status and capability of the resources,
either tools or vehicles, will be assessed in order to determine whether the FOUP is to be
transported to the next process, to be stored in the stocker, or to be kept waiting in the tool’s port.
Once the resource is checked, the third level, which is the candidate selection, is executed. For
instance, if a vehicle is determined to transport one FOUP through resource checking, then FOUPs

which have “special property” will be selected as candidates for transport in this level.

Accordingly, the five dispatching operations as the FOUP-selects-tool (FST), the
FOUP-selects-stocker (FSS), the tool-selects-FOUP (TSF), the FOUP-selects-vehicle (FSV), and
the vehicle-selects-FOUP (VSF) described in Section 3.3 are defined in the candidate selection.
FST, FSS, and TSF belong to TD, while FSV and VSF are parts of VD. The VSF operation is the
focal point in this study. The blocking FOUP, starved FOUP, and batch FOUP, which have
“special properties” will be selected as candidates first. This means that they have the higher

transport priority.

The fourth level is the dispatching rules, in which a tool or a vehicle determines the next task
from the candidate, or a FOUP requests a tool or vehicle from the candidate based on the defined
rules. The candidate on this level is obtained from the previous level. Finally, the fifth level is the
result execution, in which the transport, production or storage will be executed after the four

previous levels have been accomplished.
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The detailed interactions between TD and VD are elaborated in Figure 5.4, and in which the
third and fourth levels arelisted in Table 5.1.
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Figure 5.4 Representation of dispatching interactions



Table 5.1 Candidate selection and dispatching rules in decision-making process.

FST |candidate selection

pl |ldentify the candidate tool set from all downstream tool j where tool’snPa > 0

p2 |ldentify the candidate tool set from all downstream tool j where tool’s nPa >= batch size

Rule: the lowest utilization first (LU)

FSS |candidate selection

p3 |ldentify the candidate STK set Y from all STKswhich correspond to tool group i

p4 |ldentify the set Y from all STKswhich correspond to tool group i
Identify the set ye Y where exists hon-available batch (incomplete batch)
If y+ @, candidate STK setisy. Else (y = @), candidate STK setisY

Rule: the lowest WIP level first (LWL)

TSF  |candidate selection

p5 |ldentify the candidate FOUP set from all FOUPs which are non-assigned to tool

p6 |ldentify the candidate FOUPs set from all FOUPs which are available batch and
non-assigned to tool

Rule: thefirst come first service (FCFS)

FSV  |candidate selection

p7 |ldentify the candidate vehicle set from all vehicleswhich areidle

Rule: the nearest vehicle first (NV)

VSF  |candidate selection

p8 Identify the following sets:
(2) set Wfrom FOUPs which are non-assigned to vehicle and queuing for transport;
(2) set be Wfrom FOUPs which are blocking FOUP
(3) set se Wfrom FOUPs which are starvation FOUP
(4) set fe Wfrom FOUPs which are batch FOUP
(5) set x; = {FOUP | (bN9)}, set x, = {FOUP | (bNf)}, set x3 = {FOUP | (sNf)},
set x4 = {FOUP| (bU 9)}, set xs = { FOUP| (bU f)}, set Xs = { FOUP | (sU f)},
set x; = {FOUP | (bNsNf)}, set xg = { FOUP | by sU f)}
Set X9 = {FOUP | (bNs)U (bNHU (sNf)}
Then the candidate FOUP set isidentified under different scenarios (see Section 5.5).

»Scenario 1. A;B.C,

= f=@ =W
b= f£0 setf
sS40 f=@ #ts
f£0 If X3# 0, set xs. Else (Xs= @), set Xs
= f=@ =%tb
f:,'f@ |fX27f®,SetX2.El$(X2=®),SetX5
b0 f=@ fxi#0,setx. Else (x.=9), set X4
s+Q 40 If X7 # @, set X;. Elseif X, # 0 or X, £ @ or X3 # @, Set Xo.

Else (X;= @ & Xo= ), set Xs.

»Scenario 2: A;B1.C,

_ s=0@ et W
b=92 S£D set s
b @ s=0 et b .
s+ @ If X, 70, set x;. Else (x, =), set X4
»Scenario 3: A;B,C;
_ f=0 =W
b=92 f20 setf
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f=@ #tb
b#2 f£0 If X #0, set x. Else (X, = @), set Xs
> Scenario 4: A;B,C,
b=0 et W
b+@ setb
»Scenario 5: A,B,C;
= =W
S=0  {.g suf
s£ 0 f=@ s
f£0 If x3#0, set xs. Else (Xs= @), set Xs
» Scenario 6: A,B,C,
s=0 et W
S+@ sets
» Scenario 7: AB,C,
f=@0 =W
f£0 setf
> Scenario 8: A,B,C,
et W
Rule: the longest waiting time first (LWT)

pl1~p8: path marks from Figure 5.4.

5.3.2. Dispatching I nteractions

Some dispatching interactions remarks are as follows:

(1) (el) and (e3) are the events that push the FOUP into the next process, while (€2) implies that a
tool asks to pull the next task and (€5) indicates that a vehicle requests the next task.

(2) FSV istriggered after a series of production events (el), (€2) or (€3) that request to transport the
specific FOUP to the assigned location.

(3) The blocking status of the current and downstream tool will be detected when (el) occurs.

(4) The available batch in (e2) means FOUPs have formed the batch in the stocker and are ready

for atool to call for processing (TSF).
(5) Theinteractions between the candidate selection:

(5.1) a* following (el) and c* following (e3) indicate that a FOUP has failed to be pushed to
the next process (FST), and waits for a downstream tool to trigger TSF to pull (waits (€2)

occurs).

(5.2) b* following (€2) indicates that a tool has failed to pull the next task (TSF), and waits
for FOUPsto trigger FST to assign (waits (el) occurs).
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(5.3) d* following (e4) from (el), (e2) and (e3) indicates that a FOUP has failed to call for a
vehicle (FSV) and iswaiting for avehicleto trigger VSF to assign (waits (e5) occurs).

(5.4) e* following (€5) indicates that a vehicle has failed to request the next task (VSF), and is
idle until aFOUP triggers FSV to assign (waits (e4) occurs).

(6) Avoid blocking promotes the release of a port’s capacity while avoid starvation enables the

starving tool to be fed as soon as possible.

(7) Accelerate batch preparation attempts to reduce the time required by FOUPs to collect the

batch in the stocker, and then shortening the time period to (e3) occurs.

5.4 Simulation Modeling
5.4.1 Capacity Facilitated

The alocation of a production area and the track design of the material handling of areal fab
in Taiwan are abstracted in Figure 5.5. The capacity plan is based on static capacity analysis with
one process flow, 0.13um logic IC. The capacity plan also assumes that there are 6,000 pieces of
wafer output per month, and keeps the tool utilisation below 90%. Accordingly, the 736 steps
(without manual inspection) with 33 photo layers requires a net time of 352.41 hrs (approximately
14.7 days) to process (For the process flow information, please see Appendix 1). The 72 tool groups

and 141 tools required for the above processing are facilitated and listed in Table 5.2.
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Figure 5.5 Representative layout of a 300 mm wafer fab

Table 5.2 Capacity facilitated.

Production TG number Tool number Critica TG
Area Prod. Insp. No. Prod. Insp. No. No. Util.%
WS 1 0 1 1 0 1 0
TF 15 1 16 30 1 31 1 84.01
ET 14 5 19 34 6 40 5 83.98
DF 9 2 11 13 2 15 1 82.12
PH 6 6 12 15 13 28 2 84.46
IMP 5 0 5 14 0 14 2 86.86
CMP 2 0 2 2 0 2 0
CuU 2 2 4 6 2 8 0
QC 0 2 2 0 2 2 0
Tota 54 18 72 115 26 141 11 84.29

TG: tool group; Prod.: production tools; Insp.: Inspection tools
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The AMHS includes one interbay and ten intrabays, and the types of track such as intrabay
U-turn track, shortcut and bypass are facilitated. The U-turn track is located within the bay handling,
while the shortcut track is located for a short transport distance. The bypassisinstaled for avehicle
to travel straight forward without the obstruction of another vehicle in front, which is assumed to be
loading/unloading with a stocker. Thus, a vehicle travels and turns to the direction of the stocker’s
stopping point if it needs to input/retrieve a FOUP from the stocker. This track reduces traffic
congestion, which might be caused by the delay of executing the loading/unloading process aong
the traffic arteries (interbay).

5.4.2 System Behavior

The following system behavior is described: (1) only one product described above has been
implemented due to process flow confidentiaity; (2) the uniform loading (UL) (Glassey and
Resende [20]) open-loop wafer release policy was adopted (200 pieces/day); (3) batch size of the
furnace processing is six units, and the FOUP has to form the batch in stocker; (4) furnace tools are
embedded with internal storage (twelve units) for batching; (5) four ports of furnace and photo tools,
and three ports for other tools; (6) the direction of a port is bi-directional; (7) FOUP’s movement
request from tool is sequential. That is, the next movement request from atool can be initiated only
when the present FOUP is moved out; (8) the traveling path is based on the shortest distance; (9) the

zone control (Garry [19]) is used to prevent traffic collision.

5.4.3 M odel Assumption

The following assumptions are made: (1) process times are constant, with no set-up time, no
reworking and no yield loss; (2) breakdown of tool and stocker are not considered; (3) acceleration
and deceleration of the vehicle are ignored; (4) breakdown and battery recharge of the vehicle are

not considered.

5.5 Simulation Experiment
5.5.1 Performance I ndices

The performance indices are outlined as follows for evaluating the proposed transport strategy
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under the simulation conditions described in Section 5.4.: (1) wafer out (WO, piecesmonth) — an
average number of wafers output per month; (2) cycle time (CT, hrs) — the average time for the
wafers to enter and then leave the system; (3) batch process prepared time (BPT, hrs) — the average
time for wafers to prepare batch process. That is, the time from “start” to “complete” the batch
preparation in Figure 5.3. A total of 19 steps BPT among process flow (736 steps) will be

summarised.

5.5.2 Experiment Design

Three strategies implemented during the candidate selection, V SF, were evaluated. The factors

and levelswere as follows:
(1) Factor A: blocking; two levels. Levelsare A1 = avoid blocking, A, = ignore blocking.
(2) Factor B: starvation; two levels. Levels are B, = avoid starvation, B, = ignore starvation.

(3) Factor C: batch preparation; two levels. Levels are C; = accelerate batch preparation, C, =
ignore batch preparation.

A three-factor full-factoria with 2° designs was used. The number of scenariosis 2 (A1, A,) X
2 (B1, By) x 2 (Cyq, Cp) =8, in which A;B,C, means that the FOUP is dispatched only through the
traditional VD rule (level 4). In addition, the replication is set at 3 in determining the sum of squares
due to error if the model includes all possible interactions (Montgomery 2001). Hence, the number
of experiments performed is 24 [8 (scenarios) x 3 (replications) = 24]. Also, the simulation run is
determined from the simulation time of four months at 24 hours a day, while the warm-up is set at
two months, which is determined by a pre-simulation in which the stable trend of WIP can be

obtained after two months.

5.5.3 Results and Discussion

The residua analysis of the indices measured by simulation satisfied the model assumptions
(normality, independence of error term, and constant variance). The ANOVA analysis summarised
in Table 5.3 indicates that A, B, C, and their interactions significantly affect the WO, CT, and BPT
at the 95% confidence level, and stresses that addressing blocking, starvation, and batch preparation

are critical to performance.
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Table 5.3 AVOVA for the transport strategies experiment.

(1) Response: WO

Source Sum of Squares DF Mean Square  F-Value Prob>F
Model 96764.3 7 13823.5 46.2 < 0.0001* significant
A 4069.0 1 4069.0 13.6 0.0020*
B 1881.5 1 1881.5 6.3 0.0234*
C 2350.3 1 2350.3 7.8 0.0128*
AB 49277.3 1 49277.3 164.5 < 0.0001*
AC 1100.3 1 1100.3 3.7 0.0733
BC 16933.6 1 16933.6 56.5 < 0.0001*
ABC 21152.3 1 21152.3 70.6 < 0.0001*
Pure Error 4791.7 16 299.5 R-Squared: 0.9528
Cor Total 101556.0 23 Adj R-Squared:0.9322
(2) Response: CT
Source Sum of Squares DF Mean Square  F-Value Prob>F
Modéel 1534.1 7 219.2 41.6 < 0.0001* significant
A 218.9 1 218.9 415 < 0.0001*
B 28.1 1 28.1 5.3 0.0347*
C 227.8 1 227.8 432 < 0.0001*
AB 444.4 1 444.4 84.3 < 0.0001*
AC 393.1 1 393.1 74.6 < 0.0001*
BC 321 1 321 6.1 0.0252*
ABC 189.6 1 189.6 36.0 < 0.0001*
Pure Error 84.3 16 53 R-Squared:0.9479
Cor Total 1618.4 23 Adj R-Sgquared:0.9251
(3) Response: BPT
Source Sum of Squares DF Mean Square F-Vaue Prob>F
Model 3211.1 7 458.7 8128.8 < 0.0001* significant
A 1283.0 1 1283.0 22734.8 < 0.0001*
B 469.2 1 469.2 8314.0 <0.0001*
C 716.0 1 716.0 12687.1 < 0.0001*
AB 362.3 1 362.3 6420.2 < 0.0001*
AC 245.9 1 245.9 4358.2 < 0.0001*
BC 69.7 1 69.7 1234.8 < 0.0001*
ABC 65.0 1 65.0 1152.4 < 0.0001*
Pure Error 0.9 16 0.1 R-Squared:0.9997
Cor Total 3212.0 23 Adj R-Squared:0.9996

*: significant at 95% confidence level

Further, it is necessary to examine any important interaction (Montgomery [45]), as well as the
graphs of the highest-order significant interaction (ABC) to the indices. These data are shown in
Figure 5.6. The slope in Figure 5.6(a) indicates that C, has little effect at A and B, but C; has alarge
effect at A and B. This also implies that C; is important to WO. The better WO would be obtained
when A, B, and C are at A, By, and C;. Analogical discussion points out that the best CT and BPT
would be obtained when A, B, and C are at A1, B, and C; respectively (Figure 5.6(b), Figure 5.6(c)).
In addition, Figure 5.6(c) states that C; keeps the shorter BPT at both A and B, and this result proves

69



theideain Section 5.2.3.
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In addition, the least significant difference (LSD) method was used for the post-hoc multiple
comparisons to compare all pairs of the eight scenarios, as summarised in Table 5.4 The results
show that the differences from the proposed strategies compared to ignoring the issues are
statistically significant, and performances of A;B1C; outperform others. Besides, the percentage of
BPT in the total process prepared time (includes serial and batch process) (BPT%) was aso
summarised. A large proportion of BPT, 49.5%~65.9% indicates that it is necessary to reduce BPT
by dispatching, and through this, will the adverse effects to the downstream of batch process be
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minimised.

Furthermore, a multiple-response method called desirability (Myers and Montgomery [46])
was used to integrate multiple indices into one. The method makes use of an objective function
D(X), caled the desirability function:

i=1

D —(dlxdzx...xdn)i—(ﬁ dij"

where n is the number of responses, D(X) reflects the desirable range for each response (d),
0=d;=1, ageometric mean of all transformed responses. The desirability of each scenario is shown
at theright side of Table 5.4. We can see that A1B1C; isthe optimal transport strategy in response to
the previous interactions analysis.

Table 5.4 LSD and desirability for the transport strategies experiment.
Scenario WO (pieces)  CT (hrs) BPT (hrs)

Order A B C mean rank mean rank mean (BPT%) rank Desirability
1 A, By C, 60042 A 7044 A 51.3 (50.7%) A 0.9275
7 A, B, C, 59458 B 7109 B 553 (533%) C 0.7332
8 A, B, C, 59333 B 7123 BC 598 (55.7%) E 0.6621
6 A, By C, 58667 C 7154 C 588 (535%) D 0.5247
5 A, By C, 58667 C 7206 D 542 (495%) B 0.4808
2 A, By C, 5883 C 7266 EF 753 (615%) G 0.2373
3 A, B, C, 57833 D 7231 DE 746 (624%) F 0.1385
4 A, B, C, 58625 C 7294 F 853 (65.9%) H 0.0476

(1) A: Blocking, B: Starvation, C: Batch Form; (2) mean: average value measured from the
replications; (3) rank: different alphabet means the effects were significant at the 95% confidence
level; (4) BPT%: percentage of BPT in the total time of process prepares.

From the previous section results, the following points have to be emphasi sed:

(1) Consideration of the tool status like blocking, starvation, and batch process in vehicle-initiated
dispatching (VSF) isrequired in order to smooth out production.

(2) Avoid blocking (A;) and avoid starvation (B;) are simultaneously required because the serious
status that a tool’s starvation caused by its blocking has to be obviated. Also, the accelerate
batch preparation (C,) should be combined with A; and B; to reduce the variances in cycle time,

and to improve wafers outpuit.

71



CHAPTER 6 CONCLUSION AND ACHIEVEMENT

Transport strategy development is critical for the 300 mm wafer fab due to the novel transport
facilities, which implies that vehicles can travel not just in one process center but all around the
wide fab, and FOUP can be delivered either through stocker or tool-to-tool directly. The two
transport issues were studied in this dissertation in order to bring the flexible facility a beneficial

result.

The Search Range (SR) assignment is to determine how far the FOUP (or vehicle) from that
vehicle (or FOUP) will be considered for transport, and then indirectly limit the DVemp to make the
vehicle work effectively. A two-phase approach with simulation is used to develop an appropriate
SR. In phase I, the transport records are collected under the number of IV (v) and WF (f) when
dispatching occurs, and then the average and standard variation of DVemp under v and f can be
summarized for observing the DVemp’s trend and distribution. The DVemp’s trend showed that the
number of WF (f) and 1V (v) in the system will affect the DVemp when dispatching successfully.
The DVemp’s distribution showed that DVemp gathered between the intervals from -2.5¢ to 3c of

the average distance of DVemp. Further, phase |1 extends this result to design and evaluate levels of

SR. The SR are designed by average DVemp (Vdv, Fd 1) plus multiples of standard deviation of

DVemp (VS,, FS ) under different numbers of WF (f) and IV (v) in each system loading: MR, and
also to test if SR is required for dispatching (SRy). The simulation results showed that SR affects
performance significantly, and the longer SR like SR; is applicable in a light system such as MRy,
and in a heavy system such as MR, and MR, the shorter SR like SRy 5 is appropriate. That also
means ignoring the WFs or 1Vs far from V or F by assigning an appropriate SR can improve

performance.

Furthermore, the demand driven transport strategies in Integrated Dispatching (ID) is
researched for the fully-auto manufacturing and the challenge transport mode. Three transport
strategies involved in Vehicle Dispatching (VD), namely, the avoid blocking, avoid starvation, and
accelerate batch preparation, were developed and implemented in the Tool and Vehicle Dispatching
Integrated (TVDI) architecture. Accordingly, there are five levels of decision-making in TVDI,
namely, dispatching request, resource checking, candidate selection, dispatching rules, and result

execution. Particularly, candidate selection includes FST, FSS, and TSF which belong to TD, and
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FSV and VSF which belong to VD. A three-factor full-factorial with 2° designs is used to evaluate
the transport strategies. The results show that the factors A: blocking, B: starvation, and C: batch
preparation significantly affect the performance of WO, CT, and BPT. Interaction analysis, LSD
method, and desirability confirm that the combination of A;: avoid blocking, Bi: avoid starvation,
and C;: accelerate batch preparation (A;1B;C,) has the best performance. The results also prove that
the function of transport is not only to provide service to production request but aso to fully

support production like obviating production obstacles and avoiding capacity loss.

Therefore, these topics do not only involve the fully-automated manufacturing characteristic in
the 300mm wafer fab, but also further provides the solution for practitioners involved in dispatching
software development. For practica implementation, MES could maintain a list of prioritized
moves and release the most important move to the AMHS upon request, and the priorities could be
continuously updated by MES based on the changes in production status that the authors proposed.
After determining the appropriate SR and ID strategies, the production characteristic focused on
production areas where there are particular restrictions might be implemed into TD for further

improving the proposed TV DI architecture.
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Appendix A

The Process flow information using in integrated dispatching (ID) study was as follows.

Production functions (area)

Layer  g(t): step number (processtime) Sub.
WS TF ET DF DF* PH IMP CMP CU QC

1 1(0.08) 7(5.45) 13(5.60) 3(1.12) 4(25.34) 14(2.83) 1(0.37) 43(40.78)
2 2(1.25) 10(4.80) 1(6.00) 10(2.00) 1(0.54) 1(1.03) 25(15.63)
3 2(1.10) 8(2.15) 5(2.13) 15(5.37)
4 2(1.10) 7(2.05) 5(1.99) 14(5.14)
5 2(1.10) 7(1.77) 5(1.98) 14(4.84)
6 1(0.94) 4(2.2)2(1.85) 1(5.43) 7(2.05) 6(2.34) 21(14.80)
7 2(1.44) 3(1.20) 1(0.93) 2(11.02) 7(2.31) 15(16.89)
8 1(0.27) 8(5.15) 1(0.93) 13(2.13) 2(0.91) 25(9.38)
9 2(1.10) 7(1.21) 4(2.54) 13(4.85)
10 2(1.10) 4(1.33) 4(2.54) 10(4.97)
1 2(1.10) 7(1.49) 4(2.44) 13(5.03)
12 2(1.10) 4(1.33) 4(2.44) 10(4.87)
13 2(1.10) 7(1.21) 3(1.91) 12(4.22)
14 1(0.27) 8(4.55) 1(0.93) 3(16.33) 11(2.26) 2(1.78) 26(26.10)
15 3(2.10) 7(1.21) 5(4.61) 15(7.91)
16 1(0.50) 3(1.20) 1(0.93) 8(1.54) 4(3.37) 17(7.54)
17 7(4.88) 6(2.45) 12(2.84) 1(0.54) 1(1.03) 27(11.75)
18 11(4.95) 3(2.49) 14(1.67) 1(1.51) 1(0.10) 30(10.72)
19 11(5.00) 3(1.28) 1(4.22) 19(1.95) 4(2.22) 38(14.66)
20 1(0.29) 6(2.91) 10(1.52) 17(4.72)
21 11(5.27) 7(2.60) 1(4.22) 20(2.00) 4(2.21) 43(16.31)
22 1(0.29) 6(2.91) 10(1.52) 17(4.72)
23 11(5.27) 7(2.60) 1(4.22) 20(2.00) 4(2.21) 43(16.31)
24 1(0.29) 6(2.91) 10(1.52) 17(4.72)
25 11(5.00) 7(2.60) 1(4.22) 20(2.00) 4(2.22) 43(16.04)
26 1(0.29) 6(2.91) 10(1.52) 17(4.72)
27 11(5.24) 7(2.60) 1(4.22) 20(2.00) 4(2.21) 43(16.28)
28 1(0.29) 6(2.55) 10(1.52) 17(4.36)
29 12(5.86) 8(3.09) 1(4.22) 17(1.84) 4(2.22) 42(17.22)
30 4(2.16) 8(2.30) 1(4.22) 8(1.21) 21(9.90)
31 5(3.97) 4(1.99) 9(5.96)
32 1(1.07) 9(3.898) 2(1.18) 12(6.12)
33 2(0.57) 2(0.49) 1(5.50) 5(2.87) 2(0.17) 12(9.60)
Sub 1 112 170 9 19 339 56 3 25 2 736
' (0.08) (56.81) (80.15) (6.67) (99.17) (59.99) (32.43) (3.57)(13.38) (0.17) (352.41)
Y 014 1522 231 122 258 4606 761 041 34 027 100
° (0.02) (16.12) (22.74) (1.89) (28.14) (17.02) (9.2) (1.01) (3.8) (0.05) (100)

s. number of process step of each layer under different production functions;

(t): total net process time (by hour) of each layer under different production functions;

DF: serial step in diffusion process,
DF*: batch step in diffusion process.
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