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Abstrac: This paper considers

control/dummy (C/D) wafers level problem
in the wafer fabrication furnace area, where
C/D wafers are employed for monitoring
particle content, measuring film thickness,
examining refraction indices, filling blank
wafer loading space, and precluding heat
radiation from interfering the process. The
objective of the problem is to determine the
minimum work-in-process (WIP) level of
C/D wafers, while maintaining the same level
of production throughput. In this paper, we
propose a C/D wafers baich (CDWB)
algorithm to estimate the optimal WIP level
of C/D wafers for each grade. Two
circumstances are investigated and analyzed,
with one considering PUR process cycle time
and the other considering both the PUR
process cycle time and the lacking rate of
C/D wafers. Experiments with simulation

well in estimating the optimal WIP level of

C/D wefers.

Keywords  Furnace area, control wafer,
dummy wafer, work-in-process, cycle
time.

1. Introduction

Control or dummy (C/D) wafers are
employed for monitoring the machine
parameters including a series of precision
parameters of the production processes in
semiconductor wafer fabrication, and for
maintaining manufacturing conditions. C/D
wafers are used not only to control the
machine manufacturing capability, but aso to
increase the process yield. This paper
considers C/D wafers problem at a preset
WIP level for each grade, where C/D wafers
in each grade are repeatedly used in the same
process without downgrading. Any
shortage of C/D wafers may stop the machine
operations, thus affect the process yield and
production planning. To avoid such
situation, a large number of C/D wafers is
usually prepared for use; and as a result, the
WIP level of C/D wafers often increases
unnecessarily. In order to simplify the
complexity of the environment, we shall
restrict the investigation on C/D wafersin the
furnace area of wafer fabrication without
considering interactions with other areas. In
most wafer fabrication factories, the WIP
level of C/D wafers is currently set to
30%-50% of that for normal products, with
30% being the benchmark. An increase of
this preset C/D wafers level would result in
an increase in holding cost but with a



decrease in shortage cost; therefore, a
trade-off decision must be made. Common
decisions in current industrial practice often
result in maintaining each C/D wafers grade
at its maximum service level. How to
determine the optima WIP level of C/D
wafers for each grade is an important
problem, which is essential to performance
measure for the model.

2. An Overview of C/D Wafers

In wafer fabrication furnace ares,
control wafers are utilized for monitoring and
measuring the particle content, examining
refraction indices, and inspecting the
thickness of the membrane cumulated on
normal wafer products in the oxidization
process. Dummy wafers are used for filling
the blank wafer loading, and precluding heat
radiation interfering the process. The use of
C/D wafers can assure that the manufacturing
process in the furnace area satisfying the
required manufacturing specifications. C/D
wafers are repeatedly used until their
immaculacy and thickness do not conform to
the process requirements. For C/D wafers
not conforming to the process requirements,
we assume that they are discarded without
downgrading. To avoid pollution to the
factory machines due to misuse of C/D
wafers, managers often apply the C/D wafer
grading rule to different machine demand
according to the requirement of processing
circumstances, such as the required
immaculacy degree.

3. Estimating C/D Wafers WIP
L evel

This paper develops C/D wafers batch
(CDWB) dgorithm to edtimate an
appropriate WIP level for each grade of C/D
wafers. The proposed algorithm can be
divided into three phases: (1) calculating C/D
wafers depletion rate, (2) determining
workstation utilization, and (3) estimating
cycle time of PUR process. First, the
depletion rate for each grade of C/D wafers
depends on the product mix ratio of normal
products and the utilization of workstation
for C/ID wafers. The depletion time is
caculated by multiplying the number of
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machines available, planning period, and the
utilization of workstation.  Second, the
number of machines available is separated
into the number for producing normal wafers
and the number for producing C/D wafers
according to the product mix between normal
wafers and C/D wafers. The utilization of
workstation is calculated by dividing arrival
rate by service rate and number of machines
available. Finaly, the cycle time for each
grade of C/D wafers is caculated by adding
up the batch waiting time, load waiting time
and the PUR process time of each grade of
C/D wafers. The WIP level for each grade
of C/D wafers is calculated by multiplying
the depletion rate, cycle time of C/D wafers
and a safety index. The estimation
procedures for the three phases will be
described in the next section and are depicted
inFigure 1
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Figure 1. Flow process of the CDWB
algorithm




Estimating WIP of C/D Wafers for each
Grade

This paper does not consider downgrading
interaction among different grades of C/D
wafers.  Inthe following, we propose an
algorithm to estimate the WIP level for each
grade. The C/D wafers batch (CDWB)
algorithm for asingle loop system may be
described as follows:

Sep 1. Estimate the depletion rate, S, for
each C/D wafers grade on each
machine in the furnace area under the
planned production throughput target
and product mix ratio.

Sep 2. Calculate the number of machines

available for producing normal wafers.

( Nomina number )

C,=8F MR MITAW o oktarin
A MTBE-MTTR MTBPY+MTTPY :

Sep 3. Calculate the number of machines
reserved for producing C/D wafers.

- P
Cr. =—=
“d
Calculate the number of machines
available for producing normal
products under the impact of C/D
wafers. ( Real number)

Sep 4.

C.=Cyp- Cr,

Sepb5. Evaluate the utilizationrate ( p x) of
workstation k. If the value is greater
than one, then modify the throughput
target or increase the number of
machines to solve the problem, go to

stepl. Otherwise, go to step 6.

Sep 6. Estimate the theoretical process time

of workstation k( PUR,).

Estimate the load waiting time of
workstation k.

Sep7.

L 1

le  m

TQ, =

Sep 8. Estimate the batch waiting time of

workstation k.
18, = B

k
Sep 9. Estimate the PUR process cycle time
of C/D wafersfor grade /.

PURT, = & (PUR«+ TQ, + TB,)

K ipyg
Sep 10. Estimate the WIP leve of C/D
wafersfor grade /.

VIPU= 65~ PURT, (1+a)j

4. Experimental Designs and

Simulation Results

In order to justify the applicability and
evaluate the accuracy of the proposed C/D
wafers batch algorithm, we investigate two
real-world examples to study the effects of
different WIP level on the system, and to
search for efficient C/D wafers managing
strategies.  We compare our estimated
parameters with the result from the
smulation model built by SIMPLE™
simulation programming software
(TeconmaTix TecHNoLoies Ltd. (1999)). Two
experiments aim to determine the WIP level
of C/D wafers for each grade while meeting
the system throughput target.

Basic Input Information : To verify the
effect of this model, actual data are taken from a

wafer fabrication factory located on the
Science-Based Industrial Park in  Hsinchu,
Taiwan.

(1) Planning period. The planning period is
28 days.

(2) Releasing mechanism. Based on Little's
formula (Hiller, 2001), we estimate total
WIP level with the given throughput
target and the estimated cycle time.
Wafer lots are released under fixed-WIP
policy for the simulation model.



Monthly output target is 630 lots, and the
most suitable WIP level for the system is
270 lots. The release batch size is six
lots.

(3) Dispatching rule. The dispatching ruleis
FIFO.

(4) Machine data for C/D wafers. In the
furnace process, there are 7 workstations
that require C/D wafers. The depletion
of C/D wafers is related to the amount of
products processed. The depletion of
C/D wafers for the corresponding

5. Conclusions

Simulations have been carried out on a
furnace area to study C/D wafers WIP level.
The simulation results indicated that the
proposed single loop CDWB agorithm
provided a near optimal WIP level for C/D
wafers. Its performance is fairly close to
that from the simulation and it takes a very
short time to calculate. In real production
environment, production planner can use the
proposed algorithm as the basis for routine
control and management of the C/D wafers.
From the results obtained in the two
experiments, the CDWB  agorithm

performed quite well on WIP level estimation.

The absolute value for the maximum
discrepancy in estimating the throughput is
0.02. The overall absolute value for the
maximum discrepancy in estimating the
utilization is no greater than 0.03, the lacking
rate is less than 0.10, and the cycle time of
products is about 0.09. The results showed
that the proposed agorithm has high
accuracy in estimation. Further, the
proposed algorithm takes only about 30
seconds CPU time for an experiment and
thus outperforms other simulation packages
in terms of responsiveness.  With this
advantage, production planners can deal with
the problem of C/D wafers WIP level
determination in a very short time. This
investigation has taken a step in the direction
of defining single loop system for C/D wafers
in the furnace area wafer fabrication. It is
possible, of course, that considering
downgrading and diverse cost may produce

different results.  Future research could
include other manufacturing phases in wafer
fabrication such as in photolithography, CVD,
thin film, etching, and ion implantation in
order to construct a model of minimum cost
in avariety of phases.
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