International Journal of Innovation in Management, Vol. 8, No. 2, pp. 73-80 (2020) 73

Dynamic Dispatching Rule Considering Finite Workforce for
Semiconductor Wafer Fabrication Process

Po-Hsun Chen and Chuang-Chun Chiou”
Department of Industrial Engineering and Enterprise Information, TungHai University, Taiwan
*Corresponding Author: cjchiou@thu.edu.tw

Received 25 February 2020; received in revised form 11 May 2020; accepted 3 June 2020

Abstract
Job dispatching plays an important role in semiconductor wafer fabrication processes, the goal is to de-
crease work-in-process (WIP), have a better yield rate, and to satisfy the due date. Most researches
focus on how line balancing and WIP controlling effect the decision flow while dispatching, however, not
every wafer fab process are fully automated. Factories that required operators to handle materials or
works are considered semi-automated, and the finite workforce may cause materials waiting for operators
to move or to monitor. As a result, a dynamic dispatching rule considering finite workforce is proposed for
semi-automated wafer fab line. A case study is demonstrated by simulation to present the conclusion. The
results show that finite workforce will decrease throughput amount and increase cycle time. By the dy-
namic dispatching proposed in this study, both throughput and cycle time have significant improvements.
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1. Introduction

The manufacturing process of semiconductor
wafers can be separated into two sections, wafer
fabrication (fab) and probing as “Frontend”; as-
sembling and testing as “Backend”. Most re-en-
trant flows happen in the Frontend processes,
where hundreds of procedures are repeated in dif-
ferent layers due to the variety of products. Man-
agers seek to deal with variables under this condi-
tion, variables including: (1) Equipment specific
factors, such as, machine breakdowns, batching
machines, and different setup requirements; (2)
Different kinds of products that lead to unfixed
product mix; (3) Operational factors, such as, dis-
patching rule, work-in-process control, workforce
allocation, and maintenance policy; also (4) Tool
redundancy, tool dedication, re-entry flow, and etc
(Dequeant et al., 2016). Recent researches focus
on different factors to shorten cycle time and meet
the due date. This study focuses on operational
factors, including dispatching, work balancing and
workforce allocation.

A good scheduling system can increase
throughput by reducing work-in-process, prevent-
ing bottleneck starvation and process failures.
Studies have been finding methods to optimize
production flow through scheduling in decades,
sorting from how dispatching rules affect produc-
tion (Li et al., 2004) (Chen et al., 2012) (Bergmann
et al., 2015); how line balancing smooths the re-
entrant flow (Yoon et al., 2018); and recipe ar-
rangements to increase target production quantity
(Park et al., 2013) However, considering not
every wafer fab factories are fully automated, op-
erators need to load, transport, and monitor to

maintain workflow. In a semi-automated fab pro-
duction line, workforce allocation effects how ma-
terials flow in fab lines, insufficient workforce will
cause a bottleneck as machines has to wait for op-
erators to perform the next process.

This study provides a dynamic dispatching
rule considering finite workforce and human-re-
lated parameters. It proofs how workforce effects
dispatching, scheduling, and load balancing. The
first section provides an introduction of wafer fab
production and the problem in semi-automated fa-
cilities; the second section reviews dispatching and
scheduling issues considering different parameters
with different methods; the third section shows the
methodology of this study and provides an actual
case in section four.

2. Literature Review

Dispatching is to decide the priority and order
of the product after they reached a certain process.
The purpose is to control how items flow consider-
ing due date, cycle time, even wip volume in a pro-
duction line. By dispatching, ones that are urgent
to meet the due date have a higher priority while
the others can be queued in the storage. With an
ideal dispatching rule, operators can meet the indi-
cators under different production status.

When a machine is available, a dispatching
rule will prioritize working items in the queue.
Indicators such as cycle time, due date, are con-
cerned during this period of time. Operators or
machines will begin the process under the order.
Common dispatching rule including First-Come
First-Serve (FCFS), Earliest Due Date (EDD),
Shortest Processing Time (SPT), Longest Pro-
cessing Time (LPT), Critical Ratio (CR). In
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Table 1. It shows some common rules for dispatch-
ing and their description

Table 1: Common Dispatching Rule and Descriptions

Dispatching Rule Rule Description
FCFS Jobs entering the queue first will be processed first.
EDD Jobs with earliest due date will have the highest priority.
SPT Jobs taking the shortest operation time will be processed first.
LPT Jobs taking the longest operation time will be processed first.
CR The priority is decided by its current workstation, due date and the remaining process

time.

Researchers have developed different dis-
patching rules since 2000s, most studies focus on
on-time delivery, cycle time, and throughput. Li
et al. (2004) provides a dispatching rule for im-
proving on-time delivery by considering bottle-
neck machines, non-bottleneck machines, and
batching machines. The solution is prior than
other dispatching rules on throughput, cycle time
and on-time delivery. Chen et al. (2012) pro-
posed a dynamic dispatching rule for semiconduc-
tor assembly production line. The study focuses
on batch processors and provides an optimal batch
forming rule. Also, Meiji and Li (2018) construct
a load balancing prediction model, and provide a
decision flow to compute the degree of jobs after
recognizing the characteristics such as: whether the
machine is a batch machine? = Even considering
whether the product is a hot job. These studies
compare their methods with first-in, first out
(FIFO), earliest due date (EDD), critical ratios, and
other common dispatching rules. The solution
shows that adopting a dynamic dispatching rule en-
ables manufacturers to have more controls on ma-
chines, wip, and resources.

Besides constructing an algorithm, or deci-
sion flow, Bergmann et al. (2015) investigate the
suitability of different dispatching rules by data
mining method, then emulate scheduling decisions
with data gathered form production data. The
study demonstrated a scenario with a combination
of data mining methods with effective data trans-
formation for approximation of decision rules.
Cho et al. (2017) presented a dispatching rule to
achieve on-time delivery and throughput for fabs
with dedication constraint. They conduct a simu-
lation experimentation applying the operational
due date to achieve the goal.

Quoting from “Feel the force of flexible man-
power” (2006), the general principle of semi-auto-
matic lines is similar to automatic lines but certain
operations are difficult to be handled automatically,
such as transferring, loading, and preparing.
Considering infinite workforce, operators are
available anytime to control workflow; however, if
workforce is finite, transferring and loading can be
a bottleneck. Thus, manual operations will in-
crease cycle time once the finite workforce cannot
handle that much available working items.

Cheong et al. (2007) provide a way to im-
prove labor productivity by minimizing time wast-
age caused by non-value added activities, such as
monitoring, transportation, inefficient operation.
About 25.7% of daily tasks are non-value added
operations in a 200mm fab, in other words, the hu-
man interventions mentioned above will cause too
much time waste in fabs.

We found that most studies of fab dispatching
rules provide algorithms and decision-making
strategies under different circumstances, somehow,
they consider workforce infinite and most of the
examples are automatic fab production lines. This
study takes an unconventional method considering
both infinite and finite workforce into a dispatch-
ing algorithm which provides priority information
when more than one batch of wafer stay in the
queue and helps operators on dispatching-related
decision making. Eventually, we test the algo-
rithm by constructing a simulation model.

3. Modelling
Wafer fab production processes are done by
layers after layers, which leads to the re-entrant sit-
uation that batching machines can simultaneously
processing on two batches of wafers from different
layers. By the fact, we make following assump-
tions and confirmations:

1. Production information is collected from the
production system, or so called Manufacturing
Execution System. Operation time of each
workstations, wip in queue, and scheduling are
obtained by data collection.

2. Considering only one layer of fab production,
which consists of some important procedures
such as lithography, etching, and even chemical
deposition.

3. Defects and productive maintenance are not
considered since they not only cause break-
down also but also re-entry.

4. Once a process starts, no other work items can
interrupt the current one until it is done.

5. We decrease the kinds of products and combine
the one with similar recipes.

Then we focus on which workstations and pa-
rameters will be considered in the algorithm.
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a. Workstation Selection

We divide the whole layer into two basic
stages, and the recipes consist in the stages are
shown in table 2.

Table 2: Detail Information for Selected Stages

Stages Detail procedures
Photolithography From cleaning, preparing, photoresist application, exposure and developing, to hard bak-
ing.
Etching Procedure A semiconductor process that material is removed from the surface of a wafer, including

wet etching and dry etching.

b. Parameter Notation

Table 3: Parameter Notation for the Algorithms

Parameters Parameters meaning
T; The time that product i is in the production line.
TimeOut;;_q) The time that product i leaves workstation (j — 1)
RT;; Residence time of product i in the queue of workstation j
WIP;(t) The WIP amount of workstation j in time period ¢
PT; The production time of the workstation j.
TWT; Total available working time of workstation j.
a The weight for due-date parameter.
B The weight for workload parameter.
PPT; The predicted production time of product i.
PT;(t) Current production time of product i in time period t.

OPT;; Operator process time of workstation j for product i.

‘We construct two different decision model un-
der two different considerations.

a. Considering infinite workforce

Considering the workforce infinite, the fac-
tors that influence the work flow are how and when
the materials enter a machine. First, we need to
determine whether the machine is a batch produc-
tion machine. Most batch production machine
have long process time, and the batch size is 4-5
times more than a lot. Batch production ma-
chines will interfere the downstream workstations
if the jobs batched cannot feed the available ma-
chines downstream. If the workstation is not a
batch production machine, we will decrease scraps
by avoiding overtime queuing. Most chemical
recipe requires the job to be pushed into the next
stage in a short period of time. We calculate the
queue time by Equation (1). Satisfying this con-
dition can make sure that every lot will be pro-
cessed unless machine break down encounters.
MQTU(t) = Ti - TimeOuti(j_l) <
MaximumQueueTime; 1)

Next we consider whether hot lot exists and
raise its priority to satisfy the urgent need, by equa-
tion (2). If work item 1 is a hot lot, then we set
the HT; value to its residence time, to raise the se-
lection priority value S;;.

0, if i € hotlot
RT,, if i & hot lot (2)

Next, quoting from recent research (Li et al,
2018), we concern the workload of every machine.
If the manufacturing time for WIP in machine j is
nearly close to the maximum working time, then
the upstream machine should decrease its feeding
into machine j. The workload value is calculated
by equation (3). Finally, we calculate the selec-
tion priority by due date, workload and hot lot pa-
rameter by equation (4). The decision flow is
showed in Figure 1,

HTLZ{

WIP ;(£)xPT;
() =—— @)
J TWT; ©
- _ PPT;—PT;(t _ n
Sij O =a DueDate;—ReleaseTime; b P ©+
HT; 4)
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Step2 1 N
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Step3 i Does hot
Confirm the urgency of each lot lot exist?
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Y
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Iy
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next workstation.

Give highest priority to the batch with hot
lot exists in.

Steps l

Determine the priority of each lot

in the queue.

Figure 1: Decision Flow Considering Infinite Workflow

b. Considering finite workforce

How operators are involved in material flow
is shown in figure 2. Basic workflow starts when
materials are released, items enter a queue then
start looping in different machines, finally stocked
in warehouse after all jobs are finished. If we
consider operations such as transporting, preparing,

and feeding, which are operated by man, we must
consider whether an operator is available before
any materials are available for feeding. In other
words, transporting and preparing are separated
from other operations due to the fact that only op-
erators and work items are involved. Since work-
force are involved before any machines, how oper-
ators are allocated should be considered.

‘When materials have been released /
|

Transporting

When an operator is available

|
|

Enters a queue (or buffer)

When a machine is available

Leaves a machine

Transporting

Enters stock

Enters a machine
Start machining

Figure 2: Workflow Considering Operator’s Processes
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Stepl

Step2
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is available or not

Stepd
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Step3

Feed or unload work items to ensure machine
working continuously.

next operation machine.

Step5

Compute the priority
considering preparation
time according to (i

Figure 3: Decision Flow Considering Finite Workforce

After recognizing how operators are involved,
we re-design the decision flow with concerns.
First, when an operator is available, we provide
product information to acknowledge which prod-
uct has the higher priority according to the algo-
rithm and decision flow proposed in the previous
part. Then we consider whether any machine is
available or not. The purpose for this step is to
increase the utilization of every machine by mak-
ing sure that every machine is processing. If any
machine is available, operators should feed new lot
of wafer into the machine for its next procedure;
else the operator should focus on transportation or
preparation considering these actions will take
long period of time. By the conditions above, we
recalculate the selection priority by (i). ~After fin-
ishing any process, the operator will be considered

as available again.
PPTi—PTi(C)+0PTij

4. Case Study

In this section, we will take actual data to
show the difference between each dispatching
rules. For the simulation model, we took five dif-
ferent categories of wafer products and its actual
production schedule to simulate in the process of
the proposed layer. With an average release
amount of wafer 1300 pieces per day, five kinds of
product combination and reasonable due-date, we
simulate the production line in simulation time as
five days. We took FCFS, EDD, and our algo-
rithm to show how different these dispatching rules
affect average cycle time, on-time delivery rate,
and throughput rate.

We set the dispatching rule to every work-
station, including EDD, FIFO and the method we
proposed. The results for infinite workforce are
shown in table 4 and finite in table 5.

HSij (t) = DueDate;—ReleaseTime; - ﬁzrin(t) +
HT; ()
Table 4: Infinite Workforce Simulation Results
Improvement
Dispatching Rule Throughput(Pieces) Cycle Time Throughput(Pieces) Cycle Time
FCFS 6000 828.79 - -
EDD 6000 808.38 - 2.40%
Dynamic Dispatching Rule 6000 801.41 - 3.30%
Table 5: Finite Workforce Simulation Results
Improvement
Dispatching Rule Throughput(Pieces) Cycle Time Throughput(Pieces) Cycle Time
FCFS 5150 1665.49 - -
EDD 5200 1624.19 0.90% 2.50%
Dynamic Dispatching Rule 5250 1602.53 2% 3.70%
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For the simulation results of infinite work-
force, the capacity of each workstation is much
greater than the production schedule. The three
dispatching rules, EDD, FIFO, and dynamic dis-
patching rule, came up with the same throughput
volume, but we can show some improvements
from the cycle time. For the results of finite
workforce, we set three operators for simulation
and consider their operation time. Throughput
volume has decreased about 800 pieces, and the av-
erage cycle time has increased one time greater

than the results that only workstations are involved.

5. Conclusion

This study addressed the problem how opera-
tors or workers will influence work flow perfor-
mance by different dispatching rules in the produc-
tion line. We understand that when an operator is
involved during production, and adjust their work
assignment by considering different rules or prior-
ities. By considering workforce into a dynamic
dispatching rule, we can have a better efficiency
then taking first-come first-serve (FCFS) or Earli-
est Due Date (EDD) methods. For infinite work-
force, it assumes the capacity of each workstation
accommodate the demand, it generates greater
throughput than the real output with a dynamic dis-
patching rules. However, for finite workforce, we
need to provide a practical procedure for operators
to understand their working order and priority.
By taking a semi-automatic fab line as an example,
we investigate a fab line when the operators are in-
volved. Through a dynamic dispatching rule and
decision flow, a certain layer of fab line may de-
crease nearly 3 percent of cycle time.

Regarding the linkages between this research
and the previous study, we understand that Li et al
(2018) provides a dispatching rule with decision
flow considering workload, other research pro-
vides different perspective on different indicators.
Furthermore, we present to provide a compound
rule with the basis of different articles. Besides
considering due date and machine workload, we
also took queue time and workforce as indicators
and conducted comparisons by simulation. Our re-
search is based on Li’s decision flow, re-design a
flow chart considering queue time, production lot
priority, due date, and work balance. Besides, this
research considers how workforce are involved.
We fill the gap for fab lines that are facing trans-
formation from industry 3.0 to 4.0, even before
fully automation.

For the future research, it will be valuable to
expand the production layer to a more complicated
production line, and we are looking forward to find
a more significant result to prove the importance of
dispatching rules considering finite workforce.
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