
Proceedings of the 2007 INFORMS Simulation Society Research Workshop 

 

ABSTRACT 

Semiconductor wafer fabrication facilities (wafer fabs) 
are among the most complex production facilities. A large 
product variety, hundreds of processing steps per product, 
hundreds of machines of different types, and automated 
transport lead to a system complexity which is hard to un-
derstand and hard to handle. For educating planners and 
developing adequate material flow control mechanisms, 
simple models for this complex environment are required. 
We present several scenarios where a very simple model is 
used to mimic the behavior of a complex wafer fab. These 
studies show both the strengths and weaknesses of apply-
ing models with a high level of abstraction compared to the 
real world system. Recently, we found an approach to 
overcome some of the weaknesses 

1 INTRODUCTION 

The main reason for the increased use of simulation in the 
operational planning lies in the size, complexity, and cost 
of nowadays semiconductor fabrication facilities (fabs) 
generated by market and business pressures coupled with 
the hard limits of physics. Traditionally, many operational 
decisions in the industry were made based on prior knowl-
edge, experience, and intuition. This is no longer appropri-
ate. There is a need to build a meaningful model of the fac-
tory and to perform simulation studies to examine its 
operational problems. At the moment, there is no other 
analysis tool available that is capable to support meeting 
production goals while avoiding unnecessary investments 
or other costs. 
Simulation is used in such areas like capacity planning, 
scheduling, bottleneck identification, impact of new prod-
ucts or process flows, layout analysis, equipment model-
ing, factory ramp-up modeling, and operator modeling. 
Typical performance measures are cycle time, throughput, 
inventory levels, equipment usage, and cost. 

In most cases, industrial engineers in the semiconduc-
tor industry work with very detailed simulation models. 
There are scenarios, however, where these large models 
cannot be longer used due to their enormous runtimes. In 
particular, if the behavior of the factory over time has to be 
analyzed or if the fab simulation model outputs (for in-
stance, product cycle times for a given product mix) are 
required as an input for higher-level enterprise perform-
ance models, e.g. supply chain models. In these scenarios, 
simple and fast models are required to make the analysis 
feasible. 

The paper is organized as follows. In the next sections, 
we will outline some modeling approaches and results 
from previous studies (Rose 1998, Rose 1999a, Rose 
1999b, Rose 2000). These results will show that simple 
models have positive effects on understanding certain fab 
phenomena but that for a lot of practical cases the accuracy 
of their predictions is not adequate. Then, we will present 
the improvement approaches where we are currently work-
ing on and provide some first (and promising) results. This 
is ongoing work and at the workshop, we will be able to 
present even more results. 

2 PREDICTING FAB BEHAVIOR OVER TIME 

In numerous studies (e.g., Wein 1988) the long-term 
behavior of the fabrication facilities in terms of mean cycle 
times, average inventory levels, etc. is determined. These 
studies help to find dispatch rules for achieving given re-
quirements such as a certain probability to meet due dates. 
There are fab phenomena, however, that cannot be ex-
plained with such classical simulation approaches because 
only long-term or steady-state performance criteria are 
taken into consideration. One of these phenomena is the 
observation of huge amounts of work in progress (WIP) 
even weeks after a catastrophic failure of the bottleneck 
work center, i.e., all machines of the work center that con-
strains the fab capacity are down for a few days. This par-
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ticular fab behavior was reported by several semiconductor 
fab managers. 

In contrast to classical simulation studies, we need to 
study the evolution of the fab, for instance the WIP over 
time, after the catastrophic event and not the long-term be-
havior of the fab. To this end, we apply simulation tech-
niques that were used to compare the performance of rout-
ing algorithms in communication networks after a node 
breakdown. The major disadvantage of such techniques is 
the fact that instead of tens of simulation runs for classical 
studies, hundreds of them are required for studies of the 
system behavior over time.  

Hence, we first have to develop a simple fab model 
that shows the behavior of a complete fab model with re-
spect to our problem. To carry out the study with the com-
plete fab model is not possible due to the enormous run 
length of hundreds of simulation replications. 
Due to the layered nature of semiconductors, the wafers 
visit sequences of machines several times, i.e. they proceed 
through the fab in cycles. Memory chips may have up to 60 
layers. This cyclic visiting sequence of machines is respon-
sible for a large part of the logistic problems of wafer fabs 
because lots with different due date requirements compete 
for the machines. If due-date based dispatching is applied, 
lots that are closer to their due dates are preferred at the 
cost of waiting time for the other lots. 
To make a simulation study feasible with respect to run-
ning time, we require a fab model that shows the afore-
mentioned behavior, but is considerably less complex in 
terms of the number of machines. Fig. 1 shows the pro-
posed factory model. It consists of a bottleneck work cen-
ter, a delay unit, and a control unit. The bottleneck work 
center determines the fab performance to a large extent 
(Atherton and Atherton 1995) and is therefore modeled in 
detail considering the number of machines, processing 
times, and dispatch rules. The rest of the machines are 
modeled as a delay unit. Each time a lot leaves the bottle-
neck work center it is delayed for a random amount of time 
before it either leaves the fab or it requests a bottleneck 
machine once more. The control unit decides whether the 
required number of layers/cycles have been finished, and 
directs the lots to the fab exit or back to the bottleneck 
work center.  
 

 
Fig 1: Simple Model 

 
With this model we run several experiments, e.g., with 

different delay time distributions, with different dispatch-

ing rules at the bottleneck work center, etc. The details can 
be found in the original paper. 

Fig. 2 shows the inventory (WIP = Work In Progress) 
over time after the breakdown for several dispatching rules 
and shifted exponential delays. 

 

 
Fig. 2: Inventory Over Time After Serious Breakdown 

 
It turns out that this behavior is same as for real wafer 

fabs. The slow start and the considerably larger maximum 
of the inventory level for due-date dependent dispatching 
rule can be explained by the re-entrant material flow in 
combination with priority changes during dispatching ac-
cording to due dates. 

In summary, this simple model provided an explana-
tion for an unexpected fab behavior to the industrial engi-
neers who introduced this problem to us. 

3 PREDICTING CYCLE TIMES 

Due to the success of our first study, we tried to find 
new application scenarios for our simple model. We identi-
fied cycle time distribution prediction as a useful one be-
cause these predictions are needed in a lot of higher level 
enterprise planning approaches. 

We enlarged our model to include delays for the time 
period before entering the bottleneck for the first time and 
the time period after leaving the bottleneck for the last time 
(Fig. 3). 

 

 
Fig 3: Enlarged Fab Model 
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It turned out however, that we were not able to match 
the distribution of the cycle times of the full detail and the 
simple model (Fig. 4). 

 

 
Fig 4. Product Cycle Time Distribution Deviations 
 
The main reason for that lack in modeling capabilities 

lies in the fact that lots can pass each other in the delay 
term. In contrast to the simple model behavior this does 
almost never happen in the real fab or in the full detail 
models. Fig. 5 and 6 show this phenomenon. In Fig. 5, the 
per-layer cycle times of the full model are clearly sepa-
rated. 

 
Fig. 5. Per-layer Cycle Times of the Full Model 

 
In Fig. 6, however, the per-layer cycle time distribu-

tions become broader and broader from layer to layer. 

 
Fig 6. Per-layer Cycle Times of the Simple m 

Model 
 
In addition to this weakness, the simple model can 

only be used for the bottleneck utilization it was calibrated 
for. It is not possible to use this model to generate an esti-
mate for the characteristic curve of the fab, i.e., the cycle 
time over bottleneck utilization curve. In Fig. 7, we use the 
flow factor instead of the cycle time, where the flow factor 
is the cycle time divided by the sum of raw processing 
times. 

 

 
Fig. 7. Comparison of Characteristic Curves 

 
We developed and tested a variety of simple model 

improvements but did not achieve considerable improve-
ments in the accuracy of the predictions. 

4 RECENT IMPROVEMENTS 

In a new study, however, we considered another ap-
proach to increase the model dependency on bottleneck 
utilization changes. The main problem is that the fab utili-
zation is defined by the sum of the busy periods of the bot-
tleneck divided by the total time available for processing, 
i.e. this value can only be determined for a time period of 
reasonable length. As a consequence, we cannot determine 
the current utilization directly. Therefore, we decided to 
use an indirect way to measure the current utilization of the 
fab. From our perspective, the easiest way to do that is to 
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5 SUMMARY AND OUTLOOK determine the current inventory/WIP level. In our case, it is 
sufficient to use the number of lots which can be found in 
the bottleneck work center and the center delay unit. We 
name this value “lots in loop”. 

In recent experiments, we were able to find a very 
simple model that mimics the load dependent behavior of a 
full detail model. The simple model is also capable to 
mimic the inventory trajectory of a real factory. 

To make the model utilization dependent, we replace 
the fixed delay time distributions in the delay units by de-
lay time distributions that are depending on the current in-
ventory level. We perform a very long simulation run with 
the full detail model where we gradually increased the fab 
utilization from 1% to 99% in order to obtain delay time 
measurements for the complete utilization range. The result 
of this experiment is depicted in Fig.8. 

At the moment, we are working on a modification of 
the simple model to solve the cycle distribution problem. 
Our current approach is to replace the center delay unit by 
a single server with load dependent service times. By the 
time of the workshop, we will be able to present first re-
sults. 
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Fig 9. Improved characteristic curve 
 
It turned out, however, that the cycle time distributions 

of the improved simple model are still much broader than 
those of the full detail model. <www.simulation-dresden.com>. 
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