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ABSTRACT

In semiconductor industry, dynamic changes in demand force companies changing the
product mix that makes the production planning being challenging. This project ams at the
environment that product mix changes weekly and presents a production scheduling system to
plan the wafer lot release and throughput. The proposed system is designed on the
make-to-stock basis and comprises two modules. Preliminary analysis module anayzes
throughput and cycle time distributions for different product mixes so as to derive the cycle
time for bidding for each product type. The analysis results are used as the inputs to the
production planning. In production scheduling module, with the considerations of the
achievement of demand forecast, production smoothing, and commitment of due dates of the
released job orders, the job release schedule and completion time table are prepared.
Simulation model of a semiconductor fab is used as the base case to demonstrate the
effectiveness and efficiency of the proposed system.
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1. Introduction

As the competition become much fiercer, semiconductor companies must quickly
respond to customers’ fluctuating demand in order to survive. Dynamic changes in demand
force companies to make changes on the product mix. Product mix changes complicate the
already-complex system. In a semiconductor fab, machines are shared by a huge number of
different products, resulting in a heavy load sharing of precious resources and consequently a
long queue may be present. Product mix level has considerable impact on production
throughput, cycle time, and the capability of meeting due dates. Production throughput,
cycle time, machine utilization, and work in process (WIP) inventory, are highly interrel ated.
(Chou 2000, DUmmler 2000) Under different product mixes, the overall manufacturing
performance of the system aso will be different. Facing the environment with volatile
demand, production planning for make-to-stock wafer fabrication is an even complicated
problem compared to other manufacturing industries.

The planning tool for master production scheduling can be categorized into simulation,
mathematical programming, and the combination of the fore-mentioned. By using
simulation tool, a system can be constructed easily to match with the production activity
control (Liu et al. 1995). However, building and/or running a simulation model is
time-consuming. Linear programming can quickly derive the best production plan based on
capacity constraints, but there are too many assumptions in describing the real phenomenon
(Hackman and Leachman 1989, Chu 1995). For this reason, some researches combined the
simulation and mathematic algorithm for better describing the environment than by separately
adopting one of the two methods (Burman et al. 1986, Thompson and Davis 1990, Hung and
Leachman 1996).

The purpose of this project is to present a production scheduling system that deals with
the product mix changes periodically under the environment with volatile demand. The
proposed system is designed on the make-to-stock basis. Cycle time for bidding are first
determined for each product type with the data collected from the environments of different
product mixes. Wafer release schedule and completion time table are then prepared. Such
planning results can be vauable for preparing available-to-promise information and for
decision-making in demand management system.

2. System Environment

For a make-to-stock environment, such as DRAM chip manufacturing, the primary
goals of production planning are the maximization of throughput and resource utilization
while maintaining production smoothly. The wafer stepper machine is the most expensive
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and key operation in wafer fabrication factories. So, to guarantee the utilization of the
stepper machine in sufficient and effective way is the basic idea for designing a production
scheduling system. In this project, a planned utilization rate is kept in a certain range for the
wafer stepper machine, which is treated as the bottleneck (BN) resource. In addition, to be
consistent with the processing batch size of therma oxidation process so as to raise the
utilization rate of equipment, the batch size of wafer release is six lots where one lot consists
of 25 pieces of wafers.

Practically, in order to achieve a certain degree of stability in the production system, the
first week of the schedule is frozen, which means al but the most critical changes in this
period cannot be made to the production schedule.  Therefore, in the frozen period, if thereis
any shortage resulted from demand fluctuation or forecast error, the shortage will be treated as
back order and be promised for alater time period.

The planning horizon for master production schedule is 12 weeks including a one-week
frozen period. The planning period is one week and the product mix can only be changed by
weekly. Wafer lots are released under a CONWIP release policy. For the wafer lots
already being processed in the plant, first-in-first-out rule is used. The framework for the
proposed system is shown in Figure 1 and the notations used in this project are defined in
Table 1.
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Figure 1. The framework of the proposed system
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The proposed system comprises two modules.
distribution of cycle times is analyzed.

In order to grasp the fluctuation of demand, several

representative product mixes are input to the simulation model to collect cycletimes. All the
collected cycle times are used to calculate the mean and the standard deviation for each
product type. The a percentile cycle time for each product type is then determined as the
bidding cycletime. Those results will be the inputs to the production scheduling module.

In production scheduling module, the release schedule is prepared with the
considerations of demand fulfillment, production smoothing, and protecting due date
commitment of the released job orders. The release schedule and corresponding job order
completion time will be planned in consequence.

TABLE 1. MATHEMATICAL NOTATIONS.

:lindex of product type;

:lindex of layer;

:lindex of product family;

-[index of planning horizon,

-[index of planning week;

:lindex of workstation;

:[the workstation with the maximum difference in average theoretical process

time between product family f and any other family;

fpw

- The first planning week;

bat,

:|batch size setting for workstation K;

cap,

:|planned capacity of workstation k;

CT BBCT

,r

:|cycle time of product type i estimated by BBCT algorithm at simulation run

r,

CT

:|a percentile cycle time for product type i ;

AD.

:|actual demand of product type i at time period t;

DF;,

:|demand forecast for product type i at timeperiod t;

DN;

:|net demand for product type i1 at time period t;

El;

:lending inventory for product type i at planning period t;

Qrfnax,k

:Imaximum affordable quantity for product family f processed on workstation

K;

Q™

:[the production quantity limit for product family f in the system;
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Np: |:|the number of time period needed based on planning cycle time;

PTa9k |'average theoretica process time for product family f processed on
workstation k;

PT |:|theoretical process time processed on workstation k for product type i ;

PT; |:|theoretical process time of the whole process for product type i ;

LPT;, |:[theoretical processtimefor layer | of product type i;

PR; ; |:|planned release amount for product type i intime period t;

S, |:|scheduled receipt for product type i intime period t;

U, [:|planned utilization rate of workstation Kk ;

A" |:|average system hourly arrival rate for product type i intime period t;

7., |:the product mix ratio for product type i intimeperiod t.

3. Preliminary AnalysisM odule

The main work of this module is to calculate the mean cycle time and cycle time spread
under different product mixes. In this module, quantity limit for each product family is first
determined in order to prevent bottleneck shifting and cycle time variance increasing.

Several representative product mixes in the plant are then selected on the basis of the
seasonal demand of each product type For each product mix, cycle times of the job orders
belong to each distinct product type are collected by running a simulation model, which
describes the system environment and operation behavior. Cycle time analysis is performed
for each set of collected cycle times. After that, to have a bidding cycle time for due date
setting, the a percentile cycle time for each product type is determined as the input for
planning lot release schedule. The a percentile cycle time is defined as the longest cycle
timeof a% out of the wafer lots completed during a specific time period.

3.1 Setting quantity limit for product family

Product types of the same product family often have similar manufacturing process.
Releasing a great quantity of products belonging to the same product family at one time
period may cause some specific workstations being overly demanded. This will result in
bottleneck shifting and cycle time variation in shop floor. Therefore, the quantity limit for
each product family f needsto be established before product mix setting.

The quantity limit setting is based on the capacity that can offer to produce the
maximum quantities of the corresponding product family in the system. Two kinds of
capacity constraints must be considered, namely the system constraint and the family
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constraint. The system constraint comes from the capacity of bottleneck while the family
constraint comes from the capacity of the workstation k; , which has the maximum difference
in average theoretical process time between product family f and any other families

d(k, f) = max{ [PT2K - PT29X|0f '] £} (3-1)
ke =max{d(k, )} (3-2)

ek (capy, xU,, xbat, )/PT{ voks (3-3)
QF™®" = (capgy XU gy xbatgy)/ PT{ " (3-4)
Q= =minfoP™*, Q=) (3-5)

3.2 Smulation model description

Cycle times are collected by running a simulation model, which is built with eM-Plant
(Tecnomatix 2000). Actual production data of a wafer plant in Taiwan is used as input data,
including machine, product, and product routes information. In this wafer fab, there are 83
workstations and five product types. Product A and B belong to the family of SDRAM, and
C, D, and E belong to the family of DDR. Each process contains process steps in a range of
276 to 338 operations. For the information of workstations, the distribution of MTBF,
MTTR, MTBPM, and MTTPM for each workstation is known.

For each simulation run r, the product mix is predetermined and fixed. Based on the
achievement of planned bottleneck capacity utilization, the weekly throughput target, o, , is
calculated by dividing the bottleneck capacity by the theoretical process time on bottleneck
according to the given product mix, as shown in Equation (3-6).

O, = (capgy xU gy xbatgy )/ (PT,%" x 75, ) (3-6)

The WIP level for each product type i, L;, isestimated by applying Little's law (Little
1961), L, =A xCT,. The arrival rate, A, and the corresponding cycle time for the specific
product type, CT, requireto be estimated first. Since the CONWIP policy is adopted in the
system, wafer lots are released into the plant only when the equal quantity of wafers are
finished and transferred out. Therefore, the arrival rate for each product type is equivalent to
the corresponding throughput rate.

The block-based cycle time estimation algorithm (BBCT), developed by Chung and
Huang (1999), has a remarkable performance in cycle time estimation under the throughput
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target is given. BBCT algorithm estimates the cycle time by cutting the production process
into several blocks based on the characteristics of material flow. In each block, the load
factor waiting time and batch factor flow time are estimated. Finally, the cycle time of a
product is calculated by summing up all the block cycle times related to the process of the
corresponding product type. To utilize the advantages of quick response and satisfactory
accuracy, BBCT algorithm is applied to estimate the cycle time for each product type in the
preliminary analysis.

3.3 The estimation of a percentile cycletime

The simulation horizon is set to be 24 weeks, in which the first 12 weeks are the
warm-up period. In order to eliminate ssimulation errors, 15 replications with different
random seeds are run.

For each product type under each product mix, the histogram of the cycle time
frequency distribution is plotted to figure out the pattern of the data. The related parameters,
such as average, variance, can be determined.

When estimating cycle time for bidding, we concern not only the effects of product mix
composition but also the meeting of the planned on-time delivery rate under the environment
that product mix changes periodically. In order to tackle the interference in periodical
product mix changes, the a percentile cycletime, CT“, isderived in order to ensure the
achievement of planned on-time delivery rate, a %. All the information derived is saved in
the database and is the input to production scheduling plan.

4. Production Scheduling Module

The objective of production scheduling module is to establish wafer ot release schedule
and the completion timetable under the environment that product mix changes period by
period. On the premise of meeting demand forecast, the initial release schedule is prepared
by backward planning. In order to ensure the feasibility of the release schedule, cycle time
examination of released job orders and workload examination are performed and then to
fine-tune the schedule by forward planning.

4.1 Setting theinitial release schedule by backward planning

The initial release amount is determined by net demands offset cycle time for planning.

The net demand of each product type in one specific time period is calculated by deducing the

wafer lot scheduled receipt and the amount of beginning inventory from demand forecast.

The scheduled receipt is the job orders that have been released earlier and planned to be
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finished in the corresponding time period according to the completion timetable.

To achieve the planned on-time delivery rate, 95%, the 95-percentile cycle time is used
as the cycle time for bidding. Since the job released to the plant at period one will be
finished after the length of cycle time, the first planning week, that can have the demand of
product type i being matched through our wafer release plan equals the cycle time for

bidding away from current date. Thus, the first planning week, fpw, equals max{Np} ,

and we derive the net weekly demand in the planning horizon starting from the first planning
week.

The time unit for cycle time collection in simulation model is in hours while the
planning period is in weeks, therefore, the number of time periods covered for producing
product type i needs to be calculated first. The procedures for deriving the initial release
schedule are as follows.

Step 1. Calculate the number of time periods needed, Np,, according to the length of
95-percentile cycletime, CT.**, for each product type i .

CT 95% .
Np, = ' , for each product type !. (4-1)
24x7

Step 2. Set the initial planning week as t = fpw.

Step 3. Calculate net demand, DN;,, and expected ending inventory, El;,, for each product
type i inthe planning period t.

DN, = max[(DFLt —El; - Sliyt), 0], for each product type i . (4-2)
El,, =max[(El,,, +9,, —AD,,), 0], for each product type i . (4-3)
t=t+1. (4-4)

Step 4. Repeat steps 3 until t > fpw+h.

Step 5. Calculate the planned release amount for product type i at planning period t- Np,,
PR v, » €QUals net demands, DN, , offset by numbers of time period, Np,.

PR\, =DN,,, for each product type i and for time period t= fpw to fpw+h

(4-5)



Step 6. In each planning period, compare the planned release amount of each product family
to the quantity limit for the corresponding product family, Q™. If the planned
release amount is larger than Q™ , we need to fine-tune the planned released quantity
in the successive planning period.

4.2 Planning the wafer release date

The lot release timing is related to the system WIP level under the CONWIP release
mechanism. In the environment of product mix changes, the weekly planned throughput
could also vary because of the need to maintain the bottleneck utilization. When using
Little's Law (Little 1961) to estimate the suitable WIP level for each product i, the system
WIP level may consequently change with the time period because the arrival rate for product
I isassumed to be equivalent to the corresponding throughput rate.

For each time period t, Little's Law (Little 1961), L, =A,xCT?, is applied to
determine the suitable WIP level for each product i, where A, is the average throughput
rate and CT.” is the corresponding a percentile cycle time for the specific product type.
The estimated system WIP level, L, iscalculated by summing up all the estimated values of
L -

To keep production smoothly, the system WIP level requires to be properly distributed to
all layers of each product type such that the fabrication of wafers will not be concentrated on
some specific layers.  When the predetermined system WIP level changes periodicaly, if we
release wafer lots only according to the time when the WIP level is lower than the determined
value, the first layer of each product type could increase or decrease drastically in the
beginning of each time period. Material flow is disturbed in consequence. For solving
such a problem, two boundaries are set in the release policy: with the consideration of system
WIP level and the WIP level of first layer. Under the revised CONWIP policy, a fixed
number of wafer lots, with the product type being determined by the largest accumulated
unreleased quantity, will be released into the plant only when the system WIP level is lower
than the planned system WIP level, L,, and the WIP level of first layer is lower than the
planned WIP level of first layer, L;.
=L, x L;F" , for each layer | and each product type i . (4-6)

where Y LPT,, =PT,.
| ,

4.2.1 The planning of release timing and sequence

Once the system WIP level is lower than L, and the WIP level of first layer is lower
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than the L, under the revised CONWIP policy, six lots of the product type which has the
largest accumulated unreleased quantity is released into the plant. The calculation of
“accumulated unreleased quantity” is based on the planned daily release amount. When the
product type is assigned to releasing, six lots, the release batch size, is deducted from the
corresponding unreleased quantity. On the other hand, if there are remaining quantities not
released to the plant, the unreleased quantities will be accumulated to the next day.

After the release sequence is determined, the rel ease schedule can then be derived.

4.3 Cycle time examination

As product mix level affects the length of cycle time, to protect the commitment due
date of earlier released job orders from the disturbance of new product mix, the cycle times of
those job orders are examined to ensure that their new completion date will not be later than
the date recorded in the compl etion table.

For each earlier released job orders, the layers need to be processed in the following
period with newly plan are first identified. We then estimate the updated layer cycle time
based on the corresponding product mix. So as to estimate the completion time of the job
order by summing up the remaining layer cycle times. If the completion time is later than the
original record, we need to fine-tune the planned released quantity in the successive planning
period.

4.4 Bottleneck workload examination

In wafer fabrication, wafer lots released to the plant at one time spot will induce
workloads in severa time periods. To accomplish the planned bottleneck utilization and to
have a leveling bottleneck workload, bottleneck workload is examined for each planning
period. The circuit layer segmentation concept is adopted to estimate the bottleneck
workload. Restated, the last operation of each layer is processed on the bottleneck. Based
on the information of release date and layer cycle time, the timing and bottleneck capacity
required by each job orders can be easily estimated. Finally, the daily capacity required can
be estimated by summing up the required bottleneck capacity in the corresponding date. If
the bottleneck workload is not satisfied, we aso need to fine-tune the planned released
quantity from the successive planning period.

5. Conclusions

Quick response to customers' fluctuating demand is one of the critical issues for market
competence. This research has presented a planning system, which comprises two modules,
for the make-to-stock environment with volatile demand. With the preliminary analysis, the

guantity limit for product family is set to provide a fast check of the feasibility of the product
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mix. In addition, mean cycle time and cycle time distribution have analyzed for all the
possible different product mix choices so as to decide the cycle time for bidding.

The production scheduling module is to plan a release schedule and completion time
table with the considerations of demand varying, production smoothing and due date
protection for released job orders. The output of this module includes the suitable WIP level,
release amount for each product type, release timetable, and completion time table. Such
information is very helpful in demand management and production control. The example
cases showed that the proposed planning system can effectively solve the product mix setting
problem for the make-to-stock wafer fabrication under demand fluctuating environment.
Future research can stress on the product mix optimization for each planning period under
demand fluctuating make-to-stock environment.
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In semiconductor industry, dynamic changes in demand force
companies changing the product mix that makes the production
planning being challenging. This project aims at the environment that
product mix changes weekly and presents a production scheduling
system to plan the wafer lot release and throughput. The proposed
system is designed on the make-to-stock basis and comprises two
modules. Preliminary analysis module analyzes throughput and cycle
time distributions for different product mixes so as to derive the cycle
time for bidding for each product type. The analysis results are used
as the inputs to the production planning. In production scheduling
module, with the considerations of the achievement of demand
forecast, production smoothing, and commitment of due dates of the
released job orders, the job release schedule and completion time table
are prepared. Simulation model of a semiconductor fab is used as the
base case to demonstrate the effectiveness and efficiency of the
proposed system.
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In preliminary analysis module, the distribution of cycle timesis
analyzed. In order to grasp the fluctuation of demand, several
representative product mixes are input to the simulation model to
collect cycletimes. All the collected cycle times are used to calculate
the mean and the standard deviation for each product type. Those
results will be the inputs to the production scheduling module.

In production scheduling module, the release schedule is prepared with
the considerations of demand fulfillment, production smoothing, and
protecting due date commitment of the released job orders. The
release schedule and corresponding job order completion time will be
planned in consequence.

DRAM
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