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constraint, there is a limitation to the number of lots that can be
included in a batch. Usually, a BPM can accommodate six to
eight wafer lots in one batch. The lots in

Abstract—Batch process machines (BPMs) process a number of
jobs simultaneously as a batch. Since the BPMs require long
processing time and increase flow variability, they have great effect on
the system performance. When a BPM completes its task and is ready
to start a new process, a decision should be made whether to start the
process right away or to wait for the upcoming products. This paper
presents real-time control procedure for BPMs, where multiple
product types are available, with the objective of average tardiness
minimization. The proposed procedure takes advantage of due-date
information from current products in queue as well as upcoming
products. The experimental results show that the proposed strategy
give lower average tardiness compared to existing strategies.

a batch is processed together and released at the same time. Due
to the chemical nature of the process, it may be impossible to
process jobs with different recipes together in the same batch.
The lots with the same recipe can be viewed as a product type
and all lots in the same product type have the same processing
time. The wafer lots in different reentrant loops can be
considered as different product types. Batch processing is one
of the major sources of variation in the production flow. Before
batch processing, wafer lots should be in the queue waiting
more lots to arrive to form a large batch. After batch processing,
multiple wafer lots are off-loaded at a time onto machines that
are capable of processing only one lot at a time. This leads to
the formation of long queues in front of these DPMs and to a
non-smooth flow of products. Aside of that, the process time of
a BPM is about five to ten times longer than the DPM. Because
of these properties, the batch operations have a great effect on
system
performance
in
terms
of
throughput,
work-in-process(WIP), cycle time and on-time delivery.
One of the characteristics in wafer fab is high uncertainty due
to a variety of processes involved, long lead time and urgent
orders, to name a few. The uncertainty reduces the performance
of the static scheduling decisions or sometimes makes the
schedules infeasible. Therefore, in most real-world
semiconductor manufacturing systems, the production line is
controlled in realtime by considering current system status.
This paper addresses a real-time control problem of batch
processing machines in semiconductor manufacturing where
parallel BPMs are available for processing multiple product
types, with the objective of tardiness minimization

Index Terms—Batch processing, Real-Time Loading Decision,
Semiconductor Manufacturing, Tardiness Minimization.
I. INTRODUCTION
The semiconductor chips are produced in wafer fabrication
(aka. wafer fab) in which layers and patterns are built up on
wafers for required circuit. The wafers in wafer fab move
through the processes in lots each of which generally consists
of 20~24 individual wafers. As different layers are added to the
wafer surface, wafer lots at different production stages visit
(reenter) the same processing equipment several times. In
addition to the reentrant flow, the wafer fabs have some distinct
characteristics in terms of management perspective including
long lead time (more than one month), complex product flows,
multiple facility involvement, rapidly changing products, and
very large initial investment required. These characteristics
make the production scheduling and control problems more
important and difficult.
The machines in semiconductor wafer fabrication (wafer
fab) may be classified into batch processing machines (BPMs)
and discrete processing machines (DPMs). BPMs process a
number of wafer lots simultaneously as a batch while DPMs
process wafer lots individually. Diffusion and oxidation
processes are performed by the BPMs. The products (wafer
lots) arriving at the BMPs is formed as a batch before being
served by a BPM. Because of the machine or process

II. PROBLEM DESCRIPTION
Realtime control strategies of BPMs may be classified into
two policies, threshold policy and look-ahead policy, according
to the use of knowledge on future arrivals of products. The most
basic control strategy of the threshold policy is the minimum
batch size (MBS) by Neuts [11]. In this control strategy,
processing of a batch is started when the number of products
waiting in the queue becomes greater than or equal to the
predetermined number. There are many studies dedicated to
find the optimal MBS size in many different environments,
from single-product single-machine environment to
multiple-product multiple-machine environment. As this paper
focuses on look-ahead control problems, our discussion on
previous literature will be mostly on look-ahead policies.
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and selects product family with highest urgency. Kim et al. [8]
extend their research by introducing PRALC (Priority
Rule-based Algorithm with Look-Ahead Checks) for multiple
product type multiple BPMs environment. Gupta and
Sivakumar [5] present a control heuristic called look ahead
batching (LAB) for single machine single product type cases.
The decision of LAB is made considering arrival time and due
date of incoming lots. The objective of LAB is to minimize the
average tardiness as well as variation of tardiness. Later, Gupta
et al. [6] improve LAB by considering both tardiness and
earliness. Cerecki and Banerjee [1] present NACH-T, a
multiple-product look-ahead strategy where minimum
tardiness for each product type at each future arrival is
calculated and the effects of a product's tardiness on all the
other product types are considered in control decision making.
Mansoer and Koo [9] presents a new real-time loading strategy,
LBT (Look-ahead batching for Tardiness minimization), for
single product type case where the jobs arriving after decision
making point are also considered. They show their strategy
outperforms the previous models including LAB and NACH-T.
Later, Mansoer and Koo [10] extend their previous work by
considering multiple product types. This paper extends the
works in Mansoer and Koo [9], [10] by considering batch
processing station with parallel BPMs with multiple product
types. (The term, LBTm will be used for this new control
strategy throughout the paper)

Look-ahead strategy in BPM control decisions considers the
near future information such as product arrival and machine
status. Glassey and Weng [4] may be among the first to use
near-future information for realtime BPM control in
semiconductor manufacturing. They present a batching
heuristic called DBH (dynamic batching heuristic) that takes
future lot information into account for the single-machine
single-product type scenario. The policy relies on determining
the length of time or the number of incoming lots the furnace
should wait for in order to minimize average waiting time. A
variation of DBH, called modified DBH (MDBH), is proposed
by Kim et al. [7] where the slack time of lots is considered in
the decision making. Fowler et al. [2] develop a heuristic for
both single-product type and multiple product type case, called
the next arrival control heuristic (NACH), which is a modified
version of DBH. The difference is that NACH considers only
the next arrival lot. The experimental results indicate that
NACH is robust in the sense that it performs well even with
errors in the prediction of next arrival time. Fowler et al. [3]
extend their previous work for multiple batch processing
machines. Weng and Leachman [14] propose a control heuristic
called MCR (minimum cost rate). The difference between
MCR and DBH is the choice of look-ahead horizon. While
DBH uses fixed look-ahead horizon, namely process time,
MCR uses process time plus prior waiting time. A variation of
MCR is dynamic job arrival assignment (DJAH), presented by
van der Zee et al. [12] where the structures of MCR and NACH
are combined. The performance criterion in DJAH is the
minimization of logistic costs per part on a long term. Logistic
costs associated within a job consist of linear waiting costs and
a fixed amount of setup costs. Later, van der Zee et al. [13]
study batch processing system with multiple non-identical
machines, and develop a new strategy called DSH (Dynamic
Scheduling Heuristic) to choose a machine from different types
based on the required processing condition, product
characteristics, and operating cost.
The research works discussed above attempt to improve
system related performance, lead time or waiting time, to
develop their control rules. However, the due-date related
performance has received more attention recently because of
the characteristic of reentrant product flows. In most wafer fabs,
the lithography operation is the bottleneck process so that the
lithography equipment should be utilized in full capacity. In
order to fully utilize the bottleneck machine, all the other
operations including batch machines should feed the products
to the bottleneck machine smoothly to prevent the bottleneck
machine from being idle due to starvation. In most
manufacturing systems, the bottleneck resource has a
predefined production schedule. This gives rise to pseudo due
dates for jobs in the reentrant loop. The late arrival of lots at
subsequent stations may lead to starvation of the system
bottleneck and thus lose output. Tardiness is a common
measure for the due-date related performance. Recently some
researchers deal with the realtime BPM control considering due
date and tardiness. Kim et al. [7] present three batching
decision making strategy on multiple-products environment,
MMBS, MDBH and PUCH. MMBS and MDBH are the
modification of MBS and DBH where slack times are
additionally included in control decision making. PUCH is a
modification of MMBS which gives urgency to each product
http://dx.doi.org/10.15242/IAE.IAE0215212

III. A NEW REAL-TIME CONTROL STRATEGY
This section presents a new realtime control strategy for
parallel BPMs with the objective of tardiness minimization.
Some important characteristics of the system under
consideration are as follows: (1) There are M identical BPM
machines in the system. Each BPM can accommodate a limited
number of wafer lots. (2) It can be estimated when the BPMs
finish their current jobs and become available. (3) The jobs of
different product types cannot be formed as a batch. (4)The
jobs arrive to the BPM station dynamically. The arrival time of
the jobs can be predicted. Each job has its own due date. (5) The
processing time for each product type may be different from
each other. The decision time for this strategy occurs when a
BPM is available or when a wafer lot arrives to the queue.
When a loading decision is to be made, batches of all product
types are temporarily constituted and priorities of the batches
are calculated based on the total tardiness involved, and then
loading time and the jobs to be loaded are selected. A detailed
description for LBTm is given as follows.
Step 1: Determine the look-ahead window.
We only consider the upcoming products arriving within a
look-ahead time window. The look-ahead time window
depends on processing time and machine available time. The
look-ahead time window is then obtained by
(

̅

)

(1)

Where t0 is current time, is average processing time for all
product types, Am* is available time of machine with second
smallest available time after t0.
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The proposed strategy, LBTm, is compared with existing
strategies which deal with tardiness minimization, MMBS,
NACHM and PRALC. MMBS is modified version of MBS in
which due dates are involved in decision making. The logic for
MMBS is when MBS requirement is fulfilled, the product type
with the most products in queue is loaded. If there are ties
between product-types, the one with larger tardiness value is
loaded. Since MMBS performance for the system with different
TIs is dependent on MBS value, the MBS value of two is
determined in this case through preliminary experiments. The
control procedures of NACHM and PRALC are found in
Fowler [3] and Kim [8], respectively. NACHM, which is a
control strategy to minimize lead time, is chosen as the
benchmark strategy in order to observe the performance of such
control strategy in tardiness minimization. Meanwhile, PRALC
is chosen as the benchmark strategy because to our best
knowledge, it is the only strategy which considers tardiness
minimization in multiple product type multiple machine
environment. Fig. 1 shows the average tardiness obtained from
the different control strategies for the base scenario. It is seen
that for the base scenario, LBTm outperforms the other control
strategies from the literature. NACHM gives the worst
performance which shows that the strategy with lead-time
minimization objective does not perform well in tardiness
minimization.

Step 2: At t0, calculate total tardiness for each product type,
then suggest the product type giving minimum tardiness.
Before calculating the total tardiness, set of products of type j
to be loaded at decision time t0, is formed based on earliest due
date rule. Then, the total tardiness is calculated for each product
type. The calculation is adapted from the equation for mean
tardiness metric in Cerecki and Banerjee [1]. The product type
with the smallest tardiness value is selected as a loading
decision alternative at t0,
Step 3: At tn, calculate total tardiness of the product type and
suggest a loading decision
At a particular decision time, tn, a product with a specific
product type arrives to the system. Therefore, instead of
calculating total tardiness value for all possible product types,
the calculation of total tardiness should only be done to that
specific product type. Then, the set of products of the type to be
loaded at decision time tn is formed. The total tardiness is then
calculated by using the same expression in the previous step.
Step 4: Compare all loading decision alternatives and
choose the one which creates the smallest total tardiness as the
loading decision.
In this step, the result obtained from step 2 and step 3 are
compared to find the loading time, tn*. The loading time is
selected by n* = argn min (total travel time at time n). If n* is 0,
then the BPM should start right away by loading a batch with
product type j*. Otherwise, the BPM stays idle to wait until one
next arrival and then runs the LBTm logic again.
IV. EXPERIMENTAL RESULT AND ANALYSIS
In order to evaluate the performance of the proposed model,
LBTm, a series of experiments have been performed. The batch
processing station under consideration has three identical
BPMs with the same specification. Each BPM can process up to
six wafer lots at a time. There are five types of products due to
chemical or mechanical requirements for the diffusion process.
The manufacturing systems are modeled with ARENA
software package and the control logic is written in Visual
Basic Application (VBA). For the experiments, the simulation
runs for 1,200 hours, in which the first 200 hours are treated as
warm-up period. To secure the statistical reliability of the
experiments, the simulation runs 100 times. In the experiments,
at most five upcoming products are considered in decision
making. Each product type may require different processing
time. However, for the base scenario, the processing times for
all the product types are the same as 6 hours. The products
arrive in batch processing station and wait in a temporary queue
buffer before being loaded on a BPM. For the base scenario, the
traffic intensity is 60%. The traffic intensity (TI) is defined by
TI = average processing time/(interarrival time × capacity ×
number of machines)
The inter-arrival time was adjusted in a way to obtain
desirable traffic intensity. To have TI of 60%, the average
inter-arrival time of the products should be 0.555 hours. The
due-date for each product is set based on the arrival time by
using following equation: = arrival time of product j +
(1+UNIF[0,k])*(processing time). Here, due-date value is also
dependent on k, in which k represents the tightness of the
due-date. For the base scenario, we assume that k is 2. (the
effect of varying k will be also examined later.)
http://dx.doi.org/10.15242/IAE.IAE0215212

Fig. 1 Performance Of Control Strategies For Base Scenario

We have examined the effect of the traffic intensities on the
performance of the control strategies. Experiments are
performed with traffic intensities from 40% to 80%. The
experimental results are given in Fig. 2. It is seen that the
performance of LBTm works well consistently over various
traffic intensities. LBTm works especially well in lower and
intermediate traffic intensities. When traffic intensity is very
high like 80%, then the performance of MMBS, PRALC, and
LBTm is very close to each other. This results can be explained
as follows: If the traffic intensity is very high, the machines are
busy. Then, when a machine becomes idle, it is often better to
load the jobs waiting at the queue immediately. In this situation,
the decision logic becomes similar to MMBS strategy no matter
what strategies are applied.
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Fig. 2 Performance Of Control Strategies Over Various Traffic

Intensities
Fig. 4 Average Tardiness On Different Look-Ahead Number

In the base scenario, we assume that the processing times for
all the product types are the same. We also have tested the
performance with different processing times for different
product types. The processing times of the five product types
assume to be 4, 5, 6, 7, and 8 hours, respectively. (Their average
processing time is still 6 hours.) Fig. 3 shows the experimental
results with different processing times. It is seen that even with
the different processing times, LBTm shows stable
performance.

V. CONCLUSION AND FUTURE WORKS
This paper presents a look-ahead control strategy, LBTm, for
batch processing stations with multiple machines in
semiconductor manufacturing for tardiness minimization on
multiple product type environments. LBTm takes advantage of
due-date and arrival time information of upcoming products as
well as current products in queue, and the the availability
information of the machines. Unlike the existing control
policies, even when the number of products in queue is greater
than capacity, loading can be delayed for more urgent products.
In addition, the fixed number of look-ahead in LB Tm reduces
the chance of being affected by the arrival of the next product.
The experimental results show that the new control strategy
provides performance of good quality.
Our work is now ongoing to observe the effect of uncertainty
on the performance of the current model. For example, machine
breakdown and stochastic processing time are to be included in
the simulation experiments. In addition, it will be also
interesting to see the relationship between the performances
measured at the batch processing machines and the whole
system of semiconductor manufacturing. Here, the relationship
of product input control, lot scheduling strategy at the
bottleneck machine, dispatching decisions at the
non-bottleneck machines, and batch loading decisions on batch
processing machines are of special interest.

Fig. 3 Tardiness Over Traffic Intensity In Different Process Time

In the previous section, it is mentioned that the proposed
method takes advantage of a certain look-ahead value, which
determined as five. In this part of the experiment, the
performance of LBTm over different look-ahead values is
observed. Fig. 4 shows the average tardiness value when the
look-ahead number is varied. A declining curve can be seen
from the graph, and at the same time declining rate is
decreasing as the look-ahead number increases. Large
look-ahead number requires more information and increases
the complexity of decision making. Therefore, it is necessary to
select an appropriate look-ahead number. We select the
look-ahead number of five because there are only little
improvements with more than five

http://dx.doi.org/10.15242/IAE.IAE0215212
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