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ABSTRACT

The forecast of process cycle time is difficult in an IC
manufacturing system, especially in an environment with
multiple products and various processes. In this paper, a
simple forecast mechanism is developed to provide the
forecast of product’s cycle time and product’s remaining
process cycle time, and other useful processing information.
The proposed algorithm is based on a dynamic average of
historical process data stored in database to generate run-
time, wait-time and hold-time information, and the results
are further classified in terms of tool group (or tool),
technology and stage-id hierarchically. The product’s
remaining process cycle time can be obtained by looking for
the product’s state from on-line data in database first, and
then utilizing product’s operation flow table and the average
process time given above to calculate it. For calculating
product’s cycle time, it works in a similar way. Since the
run-time, wait-time and hold-time of each lot can be shown
from the proposed algorithm, it is easy to forecast the
operation bottleneck of the lot. This method is proved to
be useful by testing in Fab 3 of TSMC (Taiwan
Semiconductor Manufacturing Company).
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INTRODUCTION

The modern semiconductor foundry business has become
more competitive. In order to sustain superiority, the total
satisfaction of customers is getting more and more important.
To achieve 100% on-time delivery and reduce cycle time of
products are two of the most challenging tasks for the IC fab.
Since Fab 3 of TSMC is a purely foundry fab, the necessity
of improving service level of on-time delivery to customers
arises. Accordingly, a system utilized to promote the
performance of on-time delivery is necessary. However, the
manufacturing process of semiconductor devices is highly
complex, nonlinear, expensive and re-entrant [6,9,13]. The

re-entrant phenomenon is very typical in a IC fab. Namely,
as wafers move from one step to another, they often return to
a given tool. A fab consists of several hundred tools grouped
into dozens of distinct tool groups. It is very difficult work
for engineers to construct such a system described above. In
literature, several algorithms [1-11, 13-15] are proposed for
cycle time estimation.

Ehteshami and et al. [3] commited to delivery dates for a
product by using historical average cycle time and adding
some safety margin. He designed the margin to compensate
for variability in the cycle time and to meet the desired
service level. This is one kind of well-known SLACK policy.
Several issues based on SLACK policy had also been
addressed in [2,5,7]. Adl and et al. [1] proposed hierarchical
modeling and control technique. A low-level tracking policy
was presented and integrated with a high-level state variable
feedback policy. The low-level tracking policy was to track
low-frequency commands generated by the high-level
controller. Such issues had also been addressed in
[4,9,11,13,14]. Raddon and et al. [8] developed a model for
forecasting throughput time. Another approach which has
been addressed by many other researchers is flow model [6,
11,14,15]. Flow models predict the fab’s behavior over a

long-time scale. Sattler [10] wused queueing curve
approximation in a fab to determine productivity
improvements.

In this paper, we construct a simple cycle time estimator,
with least programming effort, which can forecast products’
cycle time, remaining cycle time, and other useful
processing information, such as work-in-process (WIP) and
bottleneck of the operation flow. Dynamic average method
for cycle time estimator is proved to be useful by testing in
Fab3 of TSMC. More detailed description will be introduced
in the subsequent sections.

ESTIMATOR FORMULATION AND ANALYSIS

The main concept of dynamic average method can be
divided into four steps described as follows:



Stepl: Look for three or four key parameters having the
most significant effect on cycle time which are
determined heuristically. The attributes selected are
tool group (or tool), technology and stage-id.

Step2: Construct a cycle time estimator based on dynamic
average method. It dynamically averages historical
process data in a fab to generate run-time, wait-
time and hold-time information, which are
classified in terms of tool group (or tool),
technology and stage-id hierarchically. The results
are kept as references.

Step3: Look for the interested lot’s state from on-line data
in database. Utilize lot’s operation flow table as
well as the reference table obtained in Step2 for
each step. Therefore, the estimation of each step-
time defined as the sum of processing time and
waiting time through a tool can be obtained. As a
result, the remaining cycle time of the lot is
forecasted.

Step4: Adjust the priority of lots by comparing the
difference of the forecasted due date and commit
due date.

A high-volume modern fab consists of abundant tools
grouped into dozens of tool groups. Collections of wafers,
known as lots, move from one tool group to another
undergoing hundreds of steps (or operations) before
completion. Each lot follows a fabrication procedure that
corresponds to the product family to which the lot belongs.
The fabrication procedure of a particular product IC is kept
in a process log (or an operation flow table). The log
completely records the all parameters of each step including
relative tool group, recipe, stage-id and other process
information. Typically, each product family contains 200 to
300 or even more process steps. Thousands of lots belonging
to different products are circulating in the fab at any given
time.

Since step-time is. composed of processing time and
waiting time, it is reasonable to consider them individually.
For an IC fab, there are many parameters that affect both the
processing time and waiting time of lots. They are listed in
Table 1.

Table 1. Associated parameters list

type Parameters
processing  (tool group (or tool), technology, stage-id,
time |recipe, quantity of wafers per lot...etc.
waiting time. |tool group (or tool), technology, stage-id,
priority of lots, quantity of lots in fab, the
behavior of operators. .. etc.

In order to simplify the problem, we attempt to look for
three or four key parameters having the most significant
effect on step-time. These key parameters are determined
heuristically through analysis of the physical meaning by
experienced engineers. The attributes selected are tool group
(or tool), technology and stage-id. Technology of a product
represents its product type, such as memory or logic, and
technology level, such as .35 or .30. A stage-id is a
collection of steps which have similar process, such as
Wafer-start stage, Plug-etchback stage, Wafer-out, etc.

Tool, technology, stage-id are the common parameters

affecting both processing time and waiting time. There are
several hundreds of tools in a fab. The processing time of a
tool is dramatically different from one to another. For
example, the time spent on some processes, such as
diffusion and LPCVD, may be up to several hours. On the
contrary, the time spent on wet etching is only several
minutes. The reason of choosing stage-id as one of key
parameters is similar. The diversity of semiconductor
products causes the variation of step-time. For example, the
time spent on .30 process is longer than .50 process. It is
reasonable to choose technology as another key parameter.

After the key parameters are determined, we construct a
cycle time estimator based on the average method. It
averages historical process data stored in database in the fab
to generate run-time, wait-time and hold-time information
classified by tool group (or tool), technology and stage-id
hierarchically. It is shown in Figure 1.
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Figure 1. The estimator averages historical process data
stored in database in a fab to generate run-time,
wait-time and hold-time information classified by
tool group (or tool), technology and stage-id
hierarchically.

The architecture of dynamic cycle time estimator is shown
in Figure 2.
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Figure 2. The architecture of dynamic cycle time estimator

The data flow is described as follows:

The associated historical data of lots including start time
of steps, end time of steps, technology, stage-id, tool group, -
recipe, priority and other parameters are available in the fab.
First, the data in the database is used to calculate the several-



day averages of run-time, wait-time and hold-time classified
by tool group (or tool), technology and stage-id
hierarchically. The result is kept as a reference table. Second,
we look for the interested lot’s state from on-line data in
database. From the operation flow table, information of each
step can be obtained including which combination of tool
group, technology and stage-id the step belongs to. By
referring each step to the reference table, the forecasted step-
time is acquired. By summing each step-time of the residual
steps of the lot, the remaining cycle time of the lot is
forecasted. The reference look-up table is updated everyday
to dynamically track the change of on-line data.

The estimator provides a preliminary forecast. In order to
achieve on-time delivery, Fab3 uses the Least Slack policy
as a scheduling policy [5,7] accompanied with cycle time
estimator. Suppose each lot i arriving to the fab with a due
date denoted as & (i). The estimated remaining cycle time
of lot i at time t obtained by the estimator is denoted as { (t),
ie.,

£ (t) :=estimated remaining cycle time of lot i at time t )

The quantity 8 (i) - t - £ (t) denotes the relative urgency of
lot 1. However, if an idle tool has to decide which of the two
lots it should serve next, it is reasonable to select the lot 1
which § (i) - t - £ (t) is the smallest; i.e., the most urgent lot.
Fab3 defines the slack s(i) of a lot i as

s)y= 6 -t-&) @

The slack s(i) can tell how much time a lot has been ahead
or behind its commit due date. This has been found helpful
in communication with the management and training of
operators. As the degree of urgency is determined, on-time
delivery performance can be improved by adjusting the
priority of lots. All lots in Fab3 are classified into 5 priority
classes. They are super hot run (SH), hot run (H), rush (R),
normal (N) and slow (S). The SH lots have the highest
priority to be served, while the S lots have the lowest
priority. All lots belong to these five classes.

FORECASTING RESULTS

The average step-time of stage-id and technology for a
specific tool group is calculated based on actual data in Fab
3 from Oct. 23 to Oct. 27 1997. It is shown in Figure 3.
The forecasted lot’s remaining cycle time for a specific lot is
shown in Figure 4. The x-axis is operation number of the lot.
Each step-time and remaining cycle time can be read easily.
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Figure 3. (a) The average step-time of technology, and (b) of
stage-id for a specific tool group calculated based
on actual average data in Fab 3 from Oct. 23 to Oct.
27 1997
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Figure 4. Forecasted lot’s remaining cycle time. The x-axis
is operation number of the lot.

The error of estimated remaining cycle time of 53 lots of a
specific product is shown in Figure 5. The average error is
about 11.5%.
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Figure 5. The error of estimated remaining cycle time of 53
lots of a specific product in Fab3

Generally speaking, the error of the forecasted cycle time
is under 20%.



CONCLUSION

can improve the on-time-delivery performance of a fab with
least programming efforts has been addressed in this paper.
The main feature is its simplicity and easy to understand. It
is proved to be useful by testing in Fab3. In addition, the
forecasted result is more precise than the original Turn Ratio
method. The existent Least Slack policy needs a precise
remaining cycle time estimator, then the correct urgency of
each lot can be obtained. As the remaining cycle time of lots
are forecasted, the Least Slack policy can be applied to
improve the mean and variance of cycle time.

In the future, the estimated data can provide an initial
reference for the on-line learning system such as neural
network learning system. The architecture is shown in

Figure 6. '
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Figure 6. Estimated data can provide an initial reference for
other on-line learning system such as neural network
learning system.
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