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Ingy A. El-Khouly

INVESTIGATION OF WIP MANAGEMENT FOR CONTROL OF
SEMICONDUCTOR MANUFACTURING SEGMENTS

ABSTRACT

The process of wafer fabrication is arguably the most technologically complex
stage in semiconductor manufacturing. This manufacturing environment has a
number of unusual features. Probably re-entrancy of lots and unbalanced
production facilities are two of the most important and unique features of
semiconductor wafer fabrication facilities (fabs) that necessitate lot flow control
and effective scheduling. Flow control is achieved by a lot release control strategy
which specifies when new lots are to be released into the fab. This work starts with
analysing the effect of controlling lot releases on a set of performance metrics.
Most popular push and pull control strategies were first used to control lot
releases in the Intel Five Machine Six Step Minifab. Then a representative segment
of an existing wafer fabrication facility operating with the latest technologies used
in the semiconductor manufacturing, which captures the challenges involved in
scheduling these complex manufacturing systems. Afterwards, based on review of
literature and a classification of lot release control strategies, different lot release
control strategies were selected and tested to evaluate and compare their effect on
the performance metrics. These tests were conducted using simulation models that
have been developed for both the Minifab and the representative segment. Results
of the simulation study has shown that pull lot release control strategies can
achieve same throughput rate with lower cycle times and work-in-process (WIP)
levels compared to traditional push systems. However, further analysis of arrivals
variability and WIP distribution has shown that the performance metrics can be
further improved by reducing the variability of arrivals; this is done by modifying
the CONWIP to control the release of lots into the model and reduce the
interarrival variability (ICONWIP). Moreover, further analysis showed that

application of these strategies lead to unbalanced distribution of WIP across the
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segment. To address this, a Looped CONWIP (LCONWIP)strategy which balances
this load by looking the WIP in each re-entrant loop, was developed. This improves
the performance while maintaining a balanced load across the line. The results of
the simulation have shown that ICONWIP outperforms both LCONWIP and the
traditional CONWIP at reducing the WIP levels and cycle times.
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1 INTRODUCTION

Semiconductor manufacturing is facing an increasing worldwide competition and
is a rapidly growing industry. It has been demonstrated that the number of
transistors on integrated circuits doubles approximately every 2 years.
Consequently new technologies appear that lead to a rapid obsolescence of
products, an increasing pressure on the cost of wafers due to worldwide

competition, and high customer requirements in terms of quality [1].

A significant feature of semiconductor wafer fabrication is the re-entrant flow of
wafers; where, a wafer revisits the same machines several times to produce
different layers. This is because the different wafer layers require a similar
fabrication process and also due to the fact that in semiconductor wafer fabrication
the machines used in the production line are extremely expensive and comprise

70% of the total cost of the fabrication facility [2].

Semiconductor wafer fabrication is considered to be one of the most difficult
manufacturing environments to control [3]. Millions of dollars are tied up in capital

equipment, therefore equipment utilisation is of great importance [4, 5].

Objectives like throughput rate, cycle time, WIP, and utilisation must be improved
to push the technological development and secure the existence of semiconductor
manufacturers in a rapid growing global market especially in the frontend of the
semiconductor manufacturing processes, which is the wafer fabrication.
Consequently, reducing inventories, decreasing cycle time, and improving the
utilisation of resources are very important issues in this industry [6]. Thus, any
reductions in cycle time can cause substantial productivity improvements and
eventually lead to a capacity increase at no investment cost. Therefore, cycle time
improvements become strategic targets for companies that want to maintain

competitive advantages [7].

Since it is preferable that wafers are always available to be processed; in general,
wafers are pushed into the production line rather than released dependent on the

state of the production facility. Hence, wafers end up spending most of the time in



queues waiting for machines to become available, and consequently high
equipment utilisation is maintained. Pushing wafers also results in high levels of

work-in-process inventory (WIP) and long cycle times.

However, the selection, implementation and management of the appropriate
manufacturing control system can play an important role towards meeting the
rapidly changing market needs and to pay off the prohibitively expensive

investment [3, 8].

Literature focuses on two approaches: high utilisation of expensive equipment and
reduction of cycle times. The end results of the approach that focuses on the
utilisation is high levels of WIP, long and variable cycle times due to waiting for an
available machine in long queues at stations, poor due date performance, and
considerable expediting to get the right products from the fab, in spite of
maintaining high utilisation of equipment [4]. It should be noted that this approach
is commonly applied in most of the semiconductor wafer fabrication facilities to

make the maximum use of the expensive equipment.

The other approach focuses on reducing the cycle times, which is considered as a
key performance criterion, since reducing cycle time can decrease WIP for any
given level of throughput rate, and improve the fab’s ability to respond to market

fluctuations [9].

In this work, both approaches are applied to the Intel Five-Machine Six Step Mini-
Fab (Minifab) that is selected as a test bed because it captures some of the
challenges involved in the re-entrant semiconductor wafer fabrication facilities.
Experiments and analysis of CONWIP simulation results of the Minifab show that
there is high variability in the arrival of lots. As a result, a new lot release control
strategy (named ICONWIP) is proposed which regulates the arrivals to the Minifab
and reduces its variability of arrivals. Results of simulation experiments and
analysis of the ICONWIP strategy have shown that cycle times and WIP levels can
be reduced while still achieving the same target throughput level. It was also
noticed that by setting deterministic inter-arrival times of lots introduction for
push strategy better performance is attained when compared to CONWIP, further

analysis has shown that is due to the fact that the only stochastic inputs to the
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Minifab are the inter-arrival times and emergency breakdowns at one station only,

yet; ICONWIP outperforms the other strategies.

Consequently, it is decided to test the applicability of the proposed ICONWIP
strategy on larger models that include a greater number of machines, more
processing steps and, exhibits complexity and variability characteristics more

typical of real fabs.

Therefore, a representative segment based on an existing wafer fabrication
facility 1 operating with the latest technologies used in semiconductor
manufacturing has been selected and defined with the assistance of the Irish
Centre for Manufacturing Research “ICMR”, which works with a number of fabs
and research institutes in Ireland and Europe to address the significant challenges
involved in operating and controlling fabs. The Segment captures most of the
challenges involved in real fabs such as high re-entrancy, complex batching and
sampling, variable breakdowns...etc. Simulation results of the Segment have shown
that ICONWIP outperforms CONWIP (which is in turn better than a push strategy)
by reducing the WIP levels and cycle times.

When applying CONWIP to the Segment, it was apparent that WIP can be totally
held at one or more stations due to the lengthy breakdowns. This wasn’t evident in
the Minifab; however, this occurred in the Segment due to the larger number of
machines, the greater number of processes, high re-entrancy, and higher
variability of time to failure and time to repair of stations. This unbalanced WIP
distribution across the Segment is another issue that is addressed in this work.
Different lot release control strategies that are based on a classification presented

in this work were tested using simulation; namely:

= Checking the effect of using another lot release control strategy existing in

literature, this strategy is from the bottleneck station control class (DBR).

= Testing the impact of combining a strategy from the multi-station control

class (CONWIP) and the bottleneck station control class (DBR).

1Referred to as the Segment throughout the remaining text.
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= Assessing the performance of the Segment using a modified CONWIP lot
release control strategy termed Looped CONWIP (LCONWIP), which is a

strategy from the variation and hybrid strategies class.

1.1 AIM AND OBJECTIVES OF THE WORK

1.1.1 Aim of the Work

The aim of this work is to improve the performance of a representative segment of
an existing wafer fabrication facility operating with the latest technologies used in
the semiconductor manufacturing by applying new lot release control strategies
resulting from either combining or modifying lot release control strategies existing

in literature.
1.1.2 Objectives of the Work

The objectives of this work include the following:

= Proposing a representative segment of an existing wafer fabrication facility
