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a b s t r a c t

Semiconductor fabrication line runs with several hundreds of steps on several hundreds of equipment in
the type of re-entrant flow process. The hierarchical planning decisions are made in a way that the
production planning are determined on the integrated models at first, and the scheduling operations
are then performed. The most complexity comes from the difficulties of synchronization of the produc-
tion planning and scheduling. An iterative approach to achieve the synchronization is suggested to coor-
dinate the input and output quantity of the production plan when generating a schedule. In the proposed
algorithm, not only the input and output quantity of the production plan but also the production quantity
is utilized as a coordination factor in the scheduling. Furthermore, the manufacturing lead time, the num-
ber of setup events, and the available work-in-process (WIP) level are updated through an iterative pro-
cedure of simulation and optimization for the synchronization of planning and scheduling decision.
Computational experiments show that interaction framework yields good performance in terms of feasi-
bility, demand satisfaction, and the manufacturing lead time. It is shown that a production planning
model can be generated with practical parameters and can be implemented on the scheduling and
dispatching levels.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

This study investigates the integration of production planning
and scheduling for flexible fabrication systems in consideration
of stochastic characteristics such as the moving time and the pro-
cessing time. Wafer fabrication consists of the repeated sequential
processes called a layer: the similar pattern of process steps com-
posed of cleaning, etching, deposition/oxidation, ion implant and
photolithography, where a wafer re-enters each steps several
times. The sequence of steps may differ depending on the different
technology and different device type (Johri, 1993). Semiconductor
wafer fabrication is one of the most complex manufacturing sys-
tems due to reentrancy, a number of processing steps involved,
and the long manufacturing lead times required. Furthermore, it
is generally flexible with uncertainties; a certain type of device
can be operated on one of several resource candidates with non-
identical processing times, with a probabilistic processing time
and moving time. It is still difficult, therefore, to develop an accu-
rate production control decision to be implemented as given.

The most important production control decisions in wafer
fabrication are known release planning, production planning and

scheduling. Decision processes are heavily correlated, hence the
coordination of these decisions should be considered for achieving
the successful production control (Liao, Chang, Pei, & Chang, 1996).
One of the ways to reach at the coordination is to generate a
production planning and scheduling in one decision-making
framework. This paper suggests an iterative approach to integrate
production planning and scheduling in a coordinated manner. Sim-
ulation test is used to check the feasibility of the production plan.

There have been a great deal of studies on the planning and
scheduling of semiconductor fabrication processes. In the litera-
ture, fabrication planning has been modeled in two ways: release
planning and production planning. Release planning is an approach
that serves to determine the input plan of a device in an effort to
improve several performance metrics, such as the cycle time
(Wein, 1988), the utilization of a bottleneck resource (Glassey &
Resende, 1988a, 1988b), or the balance between the WIP and the
throughput (Spearman, Woodruff, & Hopp, 1990). Leachman and
Carmon (1992) suggested the use of ‘‘the step-separated formula-
tion” for the determination of the amount of the input to the man-
ufacturing line using alternative resources, in consideration of the
lead time and capacity per process step. Furthermore, Leachman
(2001) suggested the extended models of the step-separated for-
mulation on a different manufacturing and market environments.
It should be mentioned that these models assume that no
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intermediate accumulation of work-in-process (WIP) is allowed.
Production planning determines the production quantity of
resources in each time period, which also covers release planning
in general. Most production planning models were developed
using linear programming or mixed integer programming (Lee &
Kim, 2002; Lee & Lee, 2003; Habla, Monch, & Driebel, 2007; Kang
& Lee, 2007; Lee, Lee, Yang, & Ignisio, 2008; Ponsignon & Mönch,
2012). In these models, some details at the operational level are
assumed fixed, which may result in a gap between the production
planning and scheduling, hence a difficulty in implementation. For
example, the lead time is a well-known parameter depending on
the workload of the resource, which is referred to as load-
dependent lead time (LDLT). Asmundsson, Rardin, and Uzsoy
(2006) suggested a production planning model using LDLT. It uti-
lized a concave clearing function that shows the relationship
between the available WIP level and the workload. Different dis-
patching rules and a clearing function are tested through the
experiment, and it is found that the dispatching rule that seeks
agreement between the plan and the schedule yield the best per-
formance. Their model shows the superiority of reflecting the lead
time compared to the other models (Kacar, Irdem, & Uzsoy, 2012);
however, it cannot be applied to a flexible manufacturing system
such as a semiconductor fabrication line.

On the other hand, scheduling upon fabrication also has
received a great deal of attention in areas such as dispatching
and shift scheduling. Dispatching is a decision-making process that
is used to determine which job should be done next depending on
idle resources by creating priority ratings of jobs. Several dispatch-
ing rules have been suggested for semiconductor wafer fabrication
with several objectives. These include cycle time reduction (Wein,
1988; Lu, Ramaswamy, & Kumar, 1994), demand satisfaction (Kim,
Kim, Lim, & Jun, 1998; Kim, Kim, Choi, & Kim, 2001; Kim, Shim,
Choi, & Hwang, 2003; Rose, 2003), profit maximization (Hsieh &
Hou, 2006; Pierce & Yurtsever, 2000), and rules pertaining to mul-
tiple objectives (Hsieh, Chen, & Chang, 2001; Lee, Park, & Kim,
2002; Lee, Jiang, & Liu, 2009). These dispatching rules determine
the short-term scheduling decision, while the shift scheduling
models work for the relatively long-term scheduling decision. Shift
scheduling determines simultaneously the production volume and
its sequence in each time shift under a device change setup. Kim,
Yea, and Kim (2002) suggested a mixed integer programming
model for the shift scheduling of steppers, where a rolling horizon
framework is employed due to the complexity of the problem. Lee
and Kim (2011) proposed a rule-based scheduling algorithm using
a proper WIP.

In summary, production planning for fabrication has been mod-
eled as a decision-making framework to allocate demand require-
ments depending on resource capacity, which is usually focused on
the optimal uses of resources over a medium-term horizon. It has
the strength of allowing overall decisions for medium-term or
long-term periods; however, several details at the operational level
may not be considered. In the scheduling procedure, jobs are to be
sequenced for processing on each resource over a short-term time
horizon considering the arrival time, the processing time, and the
setup. In contrast to planning, scheduling level has to include the
decisions in details at the operational level; however, the scope
of decision-making at the global level is not precise enough to
accomplish optimality. Therefore, the interconnection between
two decision processes has a major effect on the quality of fabrica-
tion management, as they can complement each other with regard
to their different strengths and weaknesses.

The integration of planning and scheduling for fabrication has
been studied in hierarchical or iterative structures, as summarized
in Table 1. From a hierarchical approach, production planning has
generally played a role at the higher level decisions, while schedul-
ing is carried out at a lower level. Adl, Rodriguez, and Tsakalis

(1996) suggested a hierarchical model for semiconductor fabrica-
tion in which a linear flow model is utilized for decisions at higher
level, while a tracking controller is for lower level decisions.
Vargas-Villamil, Rivera, and Kempf (2003) proposed a three-layer
hierarchical approach; an adaptive layer, an optimization layer,
and a direct control layer. The adaptive layer provides parameters
of production planning, while the optimization layer works for pro-
duction planning. At the bottom layer, a distributed control policy
is implemented on discrete-event simulation to pursue the target
of the optimization layer, with performance measure such as the
utilization of the bottleneck resource.

A critical issue pertaining to these approaches is how imple-
mentable the plan is at the scheduling level, which is referred to
the feasibility of the production plan. For example, when the feasi-
bility of the production plan is high, the information gaps between
the plan and the schedule areminorwith a higher probability to ful-
fill the plan at the operation level. Otherwise, the plan and the
schedule generated based on it may have great differences in their
values, which implies that the plan ismeaningless for scheduling. In
an iterative approach, when the differences in the values between
the plan and its schedule are large, the plan is regenerated, absorb-
ing the scheduling results to improve the feasibility of the plan such
that the gaps between them can be reduced. Hung and Leachman
(1996) suggested an iterative framework employing linear pro-
gramming and simulation for release planning as part of the semi-
conductor fabrication process. The optimization stage of their
model creates a release schedule with a given lead time, and the
simulation is performed to estimate the lead time with the input
plan issued by the optimization. Kim and Kim (2001) also proposed
an iterative framework similar to that proposed by Hung and
Leachman (1996) for release planning, where one of the remarkable
differences is the addition of utilization data to the feedback param-
eter from the simulation to the optimization process. These two
models focus on capturing LDLT in release planning, while Bang
and Kim (2010) suggested an iterative production planning model
that sought to create an efficient product group, in which the
devices in the same product group use the same type of mask. In
the model proposed by Bang and Kim (2010), the release schedule
and the output plan resulting from the planning stage are employed
as dispatch target such that the release schedule is converted to the
input time of the wafers and the output plan is transformed to the
due date of the wafers. Moreover, in their model, the simulation
model with dispatching rules proposed by Kim et al. (2001), ES/
RW2 and MDBH, is run to evaluate feasibility of the plan and to
obtain data that is harnessed for regrouping the product type. These
approaches exploit First In First Out (FIFO) rule or Earliest Due
Dates (EDD) rule incorporating only the release and output sched-
ule in the production plan when a schedule is made, and they do
not use the production quantity that shows resource utilization
for processing a certain type of device in a specific time period. This
makes it difficult to apply these models to a flexible manufacturing
systemwith non-identical processing times. For example, when the
FIFO rule is used at the dispatching level of the iterative model, the
selection of the wafer that is going to be operated on a specific idle
resource is determined based on the input time and not on produc-
tivity. Thus, when the input time of a specific wafer occurs earlier
than that in otherwafers, the specific devicewould be selected even
if its productivity is worse than the others. This example is also
applicable in regard to the EDD rule. If resources in a specific group
have identical processing times, it is not important to consider their
productivity at the dispatching level. However, in other occasions,
productivity should be considered. One of theways adopted to han-
dle this issue is to determine a wafer to be operated on an idle
resource, based on the production quantity issued by the optimiza-
tion model. This requires a new dispatching rule to generate prior-
ity based on the production quantity.
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