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Cycle-Time Improvements for Photolithography
Process in Semiconductor Manufacturing

Elif Akçalι, Kazunori Nemoto, Member, IEEE, and Reha Uzsoy

Abstract—Cycle-time reduction is of great importance to semi-
conductor manufacturers. Photolithography, being one of the most
repeated processes, is an area where substantial improvements can
be made. We investigate the effects of various process control mech-
anisms for photolithography on the cycle-time at the process and
at the overall fab via a simulation study. Test run policy at the pho-
tolithography station, test run frequency, duration of inspection,
and machine dedication policy for the equipment are the factors we
consider. Equipment down time due to preventive or breakdown
maintenance and rework rates are also taken into account. Par-
allel testing, where test wafer is inspected while the lot is being pro-
cessed, is the best policy in terms of cycle-time performance. Long
inspection time and infrequent, long down times have the most ad-
verse effects, but flexible machine assignment may reduce the im-
pact of down times. Test run frequency is only significant for serial
testing, where processing of the lot is not finished until the failed
test wafer is stripped and reworked.

Index Terms—Cycle time, dispatching, machine dedication, pho-
tolithography, shop-floor control.

I. INTRODUCTION

I N SEMICONDUCTOR manufacturing, thecycle-time, also
known as the turn-around time, is the length of time from

bare silicon wafer start to final test. Cycle-time consists of
queueing time for the equipment, waiting time due to preven-
tive/breakdown maintenance or engineering hold, processing
time, inspection time, and transportation time. Semiconductor
manufacturers strive to reduce the cycle-time by simplifying
the process and design and by improving the production con-
trol mechanisms for effective scheduling, better dispatching,
and improved line balance. Increasing tool availability and
reliability, improving the layout for effective material handling,
and batch size changes to reduce queueing times or to decrease
setups are some other measures that may be taken. With shorter
cycle-times, a manufacturer can fill customer orders more
quickly and be more responsive to the market. Furthermore,
as the cycle-time gets shorter, problems in the process can be
diagnosed quicker, allowing for faster process development
and refinement. Consequently, the firm can improve its yield
more rapidly. Thus, semiconductor manufacturers exercise
strict control over the cycle-time and make continuous efforts
to reduce it to remain competitive.
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Photolithography is usually the bottleneck process with the
most expensive equipment in a wafer fab. Being one of the
processes that is repeated the most during fabrication, any re-
duction in photolithography cycle-time will reduce overall fab
cycle-time. Leachmanet al. [2] state that the leading fabs in the
industry exhibit solid improvement trends in photolithography
equipment productivity over the past decade. This suggests that
photolithography is an area where substantial improvements can
be made in terms of cycle-time reduction.

In this study, we examine the effects of different test run and
machine dedication policies for photolithography on both the
station and fab cycle-times. The following section presents a
description of the photolithography process and a discussion of
the policies we consider in our study. Section III describes the
system under study. Section IV presents the simulation model
used and the performance measures considered. Sections V and
VI discuss the experimental design and the results of the ex-
periments respectively. The final section of the paper summa-
rizes the study, presents the conclusions, and discusses future
research directions.

II. THE PHOTOLITHOGRAPHY PROCESS

During photolithography, the circuit patterns are transferred
onto the wafer. The first photolithography operation is to coat
the wafer with photo-resist. The wafer is then baked to firm the
photo-resist and improve its adhesion to the wafer before it is
sent to an aligner or a stepper for exposure. In the case of a
stepper, areticle, a template containing the pattern for only a
few chips, is placed on the wafer and exposed to ultraviolet (UV)
light. The alignment and exposure process, which constitutes a
step, is repeated until the whole wafer surface is exposed. Each
layer requires a different mask/reticle specifically designed for
that layer’s device characteristics. The wafer is then sent for
developing, where the exposed photo-resist is removed with a
special solvent, after which it goes through the final bake to
ensure that the unexposed photo-resist adheres to the wafer.

The process control practices and dispatching affect the
cycle-time of photolithography (PL). Several authors have
studied cycle-time reduction for PL [6]–[8]. In our study,
we address the same question. Now we discuss the process
control decision we consider and try to develop an intuitive
understanding on how these decisions and equipment properties
affect the cycle-time.

PL is a critical process, since meeting tolerances on the
critical dimensions (line width, spacing, and contact dimen-
sions) and alignment with the previous layers is necessary to
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the operation of the circuit [9]. In order to check conformance
to process specifications, test runs are made regularly. In a test
run, a single wafer from the lot is processed and then inspected.
If the test wafer meets specifications, the stepper is qualified
for the process. If it fails, however, parameters of the stepper
need to be adjusted and test runs are repeated until the stepper
is qualified. The defective layer on the test wafer is removed
by stripping the resist and the wafer is reprocessed during
PL. The inspection and rework strategies have been addressed
previously by Zargar [10], where both queueing models and
simulation are used to study their impact on cycle-time.

Usually a test run is required every time the reticle on the
stepper is changed, and after the processing of a certain number
of lots. Both how the test run is made and how frequently it is
made are important. Unless test wafer inspection and processing
of the lot are performed simultaneously, a test run is longer
than a regular production run. If the test wafer is conforming,
the cycle-time of the lot is increased only by the duration of
the inspection. However, if the test wafer is nonconforming, the
cycle-time of the test lot is increased by the several inspections
conducted and the time it takes to rework the nonconforming
test wafer(s). If the inspection time is long, the increase in the
lead time will be more substantial. The test run frequency also
has an adverse effect on cycle-time. Increasing the number of
test runs means an increased number of disruptions to ongoing
processing, resulting in an increase in the average cycle-time for
lots.

Processing all the layers of a lot on the same stepper assures
better alignment of separate layers. Therefore, it is a common
practice in industry todedicatelots to PL equipment, i.e., to
process all the layers of a given lot by the same stepper. If lots are
dedicated to steppers, even though there may be some idle step-
pers, a lot waits until its stepper becomes available. Hence, the
cycle-time under the dedicated policy is expected to be longer
than under the flexible policy, where a lot can be processed on
any available stepper.

When a test wafer fails to pass either the critical dimension
measurement or the alignment test, the equipment is disquali-
fied for processing and must be adjusted. The stepper disqual-
ification rate is defined as the probability that the test wafers
fail to pass the inspections. This rate is a function of the relia-
bility of the lens or optics as well as how often the reticle on it is
changed. If the reticle is changed too frequently, test wafer fail-
ures are more likely. Higher disqualification has an adverse af-
fect on cycle-time, since more test wafers fail and the cycle-time
for many test lots increase.

The criticality of the process coupled with the high cost of the
PL equipment forces manufacturers to make frequent condition
checks on the equipment. A condition check or an unpredicted
breakdown take the equipment offline and a test run is required
when it comes online again. As the PL equipment is highly uti-
lized, the number of times and the duration that they are offline
may affect the cycle-time adversely.

Over the past 15 years, the wafer diameter has increased to
benefit from economies of scale. However, the increase in wafer
diameter causes more variation in the uniformity of the resist
film thickness adversely affecting the performance of the pho-
tolithography process. Advances in process technology have

also been decreasing device sizes, resulting in tighter tolerances
that require more frequent test runs for process control. The in-
crease in wafer diameter also increases the inspection times.
Under these circumstances, semiconductor manufacturers want
to know what policies best mitigate the adverse affects of these
trends on cycle-time performance. In our study, we study how
test run frequency, inspection time, equipment disqualification
rate, and equipment availability affect the cycle-time under a
given combination of the test run and machine dedication poli-
cies. By doing so, we hope to explore the effects of process con-
trol decisions and other process factors on cycle-time.

III. SYSTEM DESCRIPTION

In this study, a manufacturing line producing a single dy-
namic random access memory (DRAM) product requiring more
than 300 operations with 21 mask layers is considered. The
model developed is a scaled down representation of this line
with 36 operations for nine layers. The process flow is given in
Table I. Some photolithography layers are more critical to the
operation of the device than the others and the process is more
strictly controlled for these layers. In our model, six out of nine
layer are critical and are referred to as fine layers. The test run
policies, machine dedication policies, and the dispatch rules are
in effect for these fine layers only.

A. Test Run Policies

We consider three different test run policies:
1) Policy 1 (P1)—Test Wafer Joins its Lot after Re-

work: When a test run has to be made, a single wafer from the
lot is processed and inspected. If the test wafer passes inspec-
tion, the stepper is qualified to process. Upon the completion
of the rest of the lot, the test wafer joins the lot. If the test
wafer fails the inspection, however, the defective test wafer
is stripped, while the parameters of the stepper are adjusted
and another test run is made. This procedure may be repeated
several times until the stepper is qualified for the process. After
the successful test run, the stepper processes the rest of the lot
and waits to rework the test wafer. After the stripped defective
test wafer is reworked, it is matched with the rest of its lot and
directed into the fab for further processing.

2) Policy 2 (P2)—Test Wafers Form a New Lot for Re-
work: This policy differs from the previous one only in
the treatment of defective test wafers. If the test wafer fails
inspection, it is stripped while the stepper is being adjusted and
qualified for the process. After the successful test run and the
completion of the processing of the remaining wafers in the lot,
it is directed into the fab without waiting for the rework of the
defective test wafer. The reworked test wafers from 6 different
fine layers are stored in separate cassettes in the stripping
area. Once 25 stripped test wafers are collected, this new lot is
redirected to photolithography for rework.

3) Policy 3 (P3)—Test Wafer is Reworked with its Lot:When
a test run has to be made, all wafers in the lot are started for
processing, and the first wafer to come out of the stepper is in-
spected. If this wafer fails the inspection, processing is not in-
terrupted and the entire lot is sent to stripping, while the stepper
is adjusted and another test run is made. This procedure may
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TABLE I
SIMPLIFIED PROCESSFLOW FOR NINE-LAYER DRAM PRODUCT

be repeated several times until the stepper is qualified for pro-
cessing. The defective lot is reworked after stripping.

With P1 and P3, all the wafers of a lot move together during
the entire fabrication process. With these policies, if a defect
is detected at probe test, it can be attributed to the entire lot.
With P2, however, wafers from different lots are combined into
new lots after stripping. When a defect is detected at probe test,
tracing the lot that has the defect might prove to be a difficult
task, unless the inventory is tracked wafer by wafer.

B. Machine Dedication Policies

In the system under consideration, there are two different pre-
vailing policies. Under thededicated assignment policy, a lot is
processed by the same stepper at all layers. In our model, we
have 5 steppers allocated to the critical layers, so every sixth
lot is assigned to the same stepper. The decision as to which
stepper the lot is originally assigned to is cyclic aiming to bal-
ance the workload of steppers. On the other hand, under the

flexible assignment policy, a lot can be processed by any of the
steppers at any layer.

C. Dispatch Rules

A previous study by McGuigan [4] studies simple lot prior-
itization procedures for PL. In our study we consider more so-
phisticated dispatch rules for both flexible and dedicated stepper
assignment policies.

Under the flexible assignment policy, every time a lot enters
the station, the system is checked. If all steppers are busy, the
lot is placed in the main buffer. If there are any idle steppers,
we check whether any of them has the required reticle on it.
If there is an idle stepper with the required reticle on it, the
lot is assigned to that stepper. If there is no idle stepper with
the required reticle on it, then the lot is assigned to one of the
idle steppers and the reticle is changed. Note that this is a very
aggressive dispatch rule, because even if there is a busy stepper
with the required reticle, the lot does not wait until that stepper
is idle but immediately is assigned to a stepper. When a stepper
becomes idle, the system status is checked again. If there is a lot
in the buffer (at any rank in the buffer) that requires the reticle
on the stepper, that lot is assigned to the stepper. If there is no
such lot in the buffer, the first ranked lot in the buffer is assigned
to the stepper and a reticle change is scheduled. If there are no
lots in the buffer, the stepper remains idle.

The dispatch rule under the dedicated assignment policy dif-
fers slightly from that under flexible assignment. When a lot
enters the station, only the status of the stepper to which it has
been assigned is checked. If this stepper is busy, the lot is placed
in the main buffer. If the stepper is idle, the lot is assigned to
it. If the stepper does not have the required reticle on it, a ret-
icle change is also scheduled. When a stepper becomes idle, the
stepper buffer is checked. Among all the lots that are waiting
for the stepper, the lot that requires the reticle on the stepper is
assigned to the stepper. If there is no such lot, the first lot in the
buffer is assigned to the stepper and a reticle change is sched-
uled. If there is no lot waiting for the stepper, the stepper remains
idle.

These dispatching rules process lots in first-in–first-out
(FIFO) order. In many wafer fabs, due date related rules such
as Critical Ratio are used. However, our main focus here is
to examine the effect of dedication and test wafer policies on
the cycle-time performance of the fab. Hence, we use FIFO
to simplify the experimentation, as it eliminates the need for
parameterization and estimates of cycle times from a given
photo operation to the end of the process, as well as the issue
of how due dates are set. A due date-based rule could easily be
implemented in our framework and is unlikely to substantially
alter the cycle time results we focus on.

IV. SIMULATION MODEL

The simulation model has been developed using SIMAN [5]
supported by a Unix C Language insert. The fab is represented
by a network of stations where each process step (PL, ion im-
plantation, etching, film growth, resist stripping, etc.) is mod-
eled as a separate station. The PL process, being the main focus
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Fig. 1. Pictorial representation of a cluster stepper.

of this study, is modeled in detail while the other processes are
modeled at a more abstract level. We assume all processes in
the fab follow a FIFO dispatch rule except for PL. Transporta-
tion times between stations and operators are not modeled. The
input rate is constant at 500 wafer starts per day with a deter-
ministic interarrival time of 72 min.

We assume that any layer can be processed on any stepper
and model the PL station as parallel identical clustered steppers.
A clustered stepper, as illustrated in Fig. 1, consists of two load
locks, where the wafers enter and exit the cluster, and nine
process modules perform pretreatment, coating, preexposure
bake, exposure, postexposure bake, developing, and postbake
operations sequentially. Transfer modules transport the wafers
between the process modules. A clustered stepper processes a
lot in 66 min and the reticle change on the exposure tool takes
from 0.5 to 1 min.

Some of the steppers,fine layer steppers, are dedicated to
the processing of the critical layers. The remaining ones,rough
layersteppers, are dedicated to the processing of the noncritical
layers. There are separate buffers of infinite size for critical and
noncritical layers. There is a single inspection station for each of
the critical dimensions and the alignment measurements are in
series with the fine layer steppers. The preventive maintenance
schedules includes periodic condition checks (down for 6 h once
a month) and lamp changes (down for 1 h once a week). We also
consider unscheduled breakdowns, for which we test two sce-
narios: frequent breakdowns with short repair times versus rare
breakdowns with long repair times limiting the total duration of
unscheduled breakdowns to 2% of the total available time based
on our industrial experience. The distributions for time to fail
and time to repair are assumed to be exponential and gamma,
respectively.

The etching, ion-implantation, metallization, low-pressure
chemical vapor deposition, oxidation, diffusion, annealing, and
resist stripping processes are modeled as stations with parallel
identical servers. Each station has a buffer of infinite size. The
number of servers at each workstation, processing times, and
batch sizes are summarized in Table II.

For model validation, we used the concept of thefactor.
Raw processing time (RPT) is the time it would take to process

one lot assuming no tool breakdowns, no queueing, no rework,
and no waiting. Usually, the cycle-time in a fab should be from

to , i.e., three or six times RPT[3]. In our model, where
the operators, precleaning operations, and transportation are not
modeled, we expect to be on the low side of this range. After
test runs with the base case setting, we obtained an average
cycle-time that is approximately RPT and the stepper
utilization at around 84%. PL remains the true bottleneck of
the system, as we verify the utilization levels to be below 85%
at all nonbottleneck processes.

Our primary performance measures are the average and coef-
ficient of variation of PL cycle-time and overall fab cycle-time.
We also consider the number of test runs required as a surrogate
measure of how much production could be disrupted and how
many rework wafers/lots could be seen in the system.

V. EXPERIMENTATION

We designed our experiments to determine the effects of
process control policies at PL on the average and the coefficient
of variation of the cycle-time of the overall fab as well as the
cycle-time at PL. Three test run policies with two machine
dedication policies subject to two levels of inspection time (A),
two levels of stepper disqualification rate (B), two breakdown
scenarios (C), and two levels of test run frequency (D) are
tested. The levels of the factors are given in Table III. Six
system settings using two machine dedication and three test
run policies are established, and, for each setting, 16 (22 2 2)
scenarios are developed.

The simulation experiments are conducted under steady-state
conditions. The system is started empty and idle and a single run
is made to collect 32 batches of data. A batch is defined as 3600
lots (corresponding to 6 months’ output). The first two batches
of 7200 observations, i.e., output of a year approximately, are
discarded to eliminate the initial bias. The duration of the initial
transient is determined by visual inspection of data series.

Common random numbers are used for the breakdowns of
the steppers for variance reduction [1]. The mean and the preci-
sion of the estimate for the performance measures are calculated
using the method of batch means [1].
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TABLE II
PROCESSINFORMATION FORALL STATIONS

TABLE III
EXPERIMENTAL CONDITIONS FOR THEFACTORS

VI. RESULTS

We analyze our results in two stages. First, we look at the es-
timates of the aforementioned performance measures for the six
system settings subject to two breakdown scenarios. A system
setting is dictated by a combination of the test run and the ma-
chine dedication policies. The factors of inspection time, stepper
disqualification rate, and test run frequency are kept constant
at their lower experimentation levels of 10 min/wafer, 0.5%,
and every 4 lots, respectively. Second, for each of these six set-
tings, we analyze the contribution of the remaining factors to
the variability of cycle-time. The reason for our choice of anal-
ysis method lies in the distinction between controllable and un-
controllable factors of the process. The fab managers have to
make decisions regarding the test run policy, machine dedica-
tion policy, and the frequency of test runs. Therefore, we refer
to these as the controllable factors. The other factors of stepper
disqualification rate, inspection time, and the nature of break-
downs are uncontrollable factors inherent to the process tech-

nology. However, managers must know how much they affect
the cycle-time performance to guide their decisions regarding
new stepper or inspection equipment purchase or management
of maintenance activities to remedy the adverse effects. We also
include the frequency of test runs in ANOVA analysis to observe
if any interaction exists between this and other uncontrollable
factors.

A. Performance Measure Estimates

Table IV tabulates the estimates for the average and the
coefficient of variation of the cycle-time as well as the number
of test runs. The cycle-times are longest when P1 is in effect.
As the steppers remain blocked in order to rework the failed
test wafer, the cycle-times are high. With P2, however, when
the stepper does not have to wait to rework the failed test wafer,
both the mean and the variability of the cycle-time reduce sig-
nificantly. Under P3, when parallel testing is in effect, however,
both the mean and the coefficient of variation of the cycle-time
at PL and the overall fab cycle-time are at their lowest levels.

The flexible machine assignment policy significantly reduces
both the average and the variability of the cycle-time. As any
available stepper can process any lot, the waiting time at the sta-
tion that accounts for a considerable portion of the cycle-time is
reduced. In addition, the flexible policy reduces the adverse ef-
fect of breakdowns, as the online steppers back up any offline
stepper. However, the dedicated machine assignment is favored
for its potential to improve quality by eliminating variability
arising from different steppers. Therefore, the estimated reduc-
tion in cycle-time has to outweigh any losses due to poorer
quality in order for the flexible assignment policy to be adopted.
These quality issues are beyond the scope of this study.

The number of test runs required under different scenarios is
also an important measure. The number of rework wafers/lots
is a ratio of the number of required test runs (i.e., the more
the number of test runs, the higher the number of the rework
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TABLE IV
SUMMARIZED SIMULATION RESULTS

TABLE V
ANOVA TABLES FOR THEMEAN CYCLE-TIME

wafers/lots) specified by the stepper disqualification rate. P1 re-
quires the least number of test runs. When test run policy 2 or 3
is in effect, however, the number of test runs increases signifi-
cantly. Under P1, while the stepper is blocked for the failed test
wafer to come back from stripping to be reworked, other lots
that require the same reticle accumulate in the buffer. Once the
stepper reworks the stripped wafer, it can immediately process
3 (or 7) more lots depending on the required frequency of test
runs. On the other hand, under P2, the duration of a test run is
longer only by the inspection time than that of a regular produc-
tion run, and, under P3, it is the same as a regular production
run. Since lots are aggressively dispatched to idle steppers, not
many lots that require the same reticle accumulate in the buffer.

This approach increases the number of test runs. Finally, under
P3, the photolithography cycle-time is so short that the increase
in cycle-time due to increased WIP by rework lots is offset. The
number of test runs is also higher under the flexible assignment
policy, which is to be expected since flexible assignment policy
allows for more frequent reticle changes thereby increasing the
number of test runs.

Infrequent breakdowns with long repair times increase both
the fab and photolithography cycle-time slightly relative to fre-
quent breakdowns with short repair times. Also, an increase in
coefficient of variation is observed. These observations support
the claim that the system performance suffers more from longer
breakdowns even though they might be rare. The increase is
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TABLE VI
ANOVA TABLES FOR THECOEFFICIENT OFVARIATION OF THE CYCLE-TIME

TABLE VII
ANOVA TABLES FOR THEMEAN CYCLE-TIME AT PHOTOLITHOGRAPHY

more significant under dedicated machine assignment. Break-
downs do not significantly effect on the number of required test
runs.

The frequency of test runs has the most significant adverse
effect under P1. As the number of test runs increase, so does
the amount of time the stepper remains blocked. As a result,
the lead time at PL and overall cycle-times are increased more
significantly. However, it does not seem to have such a signifi-
cant effect under the other test run policies.

B. Analysis of Variance (ANOVA)

Results of an analysis of variance (ANOVA) study for the av-
erage cycle-time are tabulated in Table V. For all test run and

machine dedication policies, the inspection time seems to be
the factor with most significant effect. As P2 requires very fre-
quent test runs, the adverse impact of stepper disqualification
rate on the cycle-time becomes significant for this policy. The
frequency of test runs and its interaction with inspection time are
significant only for P1. As the steppers are blocked for rework
test wafers, the increase in test run frequency, which causes
more lots to spend more time at PL, significantly affects the
cycle-time. An interesting observation from this table is that the
change in machine dedication policy from dedicated to flexible
reduces the adverse effect of breakdowns on the cycle-time. As
other steppers can back up the offline stepper, the processing
rate at the station, consequently the cycle-time, is not signif-
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TABLE VIII
ANOVA TABLES FOR THECOEFFICIENT OFVARIATION OF THE CYCLE-TIME AT PHOTOLITHOGRAPHY

icantly affected. Interestingly, stepper disqualification rate be-
comes significant only under P2. This is due to the fact that
under P1, since the number of test runs required are low, so are
the number of reworked wafers and it does not make any signif-
icant contribution. For P3, the number of test runs required are
high, but the lead time at PL is so low that the increase in number
of reworked lots does not affect cycle-time performance.

The ANOVA table for the coefficient of variation of the
cycle-time is given in Table VI. Adverse affect of breakdowns
on the variability on cycle-time is again reduced or eliminated
when flexible is adopted instead of the dedicated machine as-
signment policy. For P3, as the variability of cycle-time is very
low, none of the factors significantly contribute to its variation,
except for breakdowns under dedicated machine assignment.
Variability of cycle-time under P1 is strongly affected by the
inspection time, the breakdowns, the test run frequency.

Tables VII and VIII depict ANOVA results for the mean and
the coefficient of variation of lead time during PL. The factors
that have been found to be significant for the overall cycle-time
are significant for lead time during PL as well. This result, how-
ever, strongly supports the opinion that any attempt to reduce
the lead time at PL reduces the overall fab cycle-time.

VII. CONCLUSION

In our study, we consider several process control policies and
process factors for the PL process in a DRAM manufacturing
facility and examine their effects on cycle-time performance via
a simulation study. We have shown that P3, where the test wafer
is being inspected while the lot is being processed, performs best
in terms of cycle-time. P2, where the lot is processed after the
test wafer is inspected and the failed wafers are not matched with
their original lots, but are used to form new lots after stripping,
is the second best in terms of performance measure. However, in
case of quality problems, the original lot with the defect might

not be easy to trace. For P1, this is not an issue, since all wafers
move together during the entire fabrication, but this policy has
the worst cycle-time performance.

From these results, it appears that, to mitigate the adverse ef-
fects of test run policies, semiconductor manufacturers could
be compelled to alternate between different test run policies.
Rather than using a single test run policy at all times, a fab might
be compelled to switch between P1 and P3, depending on the in-
ventory level. If the WIP level is high, then P1 may be invoked to
take advantage of its ability to process several lots after a reticle
setup. When WIP levels are low, P3 may be used. However, it is
disputable whether this is the best strategy. When the WIP level
is high, faster processing rates are required to avoid extremely
long cycle-times. By using P1, and increasing the lead time at
PL, the cycle-time performance might be degraded. Therefore,
parallel testing, P3, seems to be the best policy under all circum-
stances.

The inspection time has the most significant effect on
cycle-time performance. Type of breakdowns (i.e., short but
frequent as opposed to long but seldom) is the other most
significant factor, but if a flexible machine assignment policy
can be adopted, its adverse effects may be reduced. Stepper
disqualification rate becomes significant only under P2. Test
run frequency is significant for both P1 and P3.

These results have several implications for all the parties in
the market. The fact that the duration of inspection time sig-
nificantly affects the cycle-time performance puts pressure on
inspection device manufacturers to strive for new equipment de-
signs that reduce inspection time. Furthermore, if quality issues
force device manufacturers to use P1, PL equipment manufac-
turers have to improve the optical accuracy of their equipment
to produce high-quality products that conform to the tight toler-
ance specifications of the new device technologies. Finally, the
semiconductor manufacturers have to refine the manufacturing
process to reduce stepper disqualification rate.
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This study constitutes a benchmark study modeling the
complexities of PL and displays its significance on the overall
system performance. It could be extended to examine whether
there is any value to change between test run policies at
different WIP levels in terms of cycle-time performance. Also,
the flexible assignment policy clearly reduces cycle-time.
However, there is no statistical model in literature that predicts
the yield loss under flexible assignment. Such a model could
provide manufacturers with valuable information. Another
area of interest is how these results generalize to ASIC fabs
with a diverse product mix. We conjecture that as long as the
dedication issue remains, much of these results remains valid,
but this needs to be explored systematically using realistic data.
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