Using the Six Sigma DMAIC Methodology to Improve Wafer Fab
Productivity
In today’s economy and highly competitive market companies are seeking to maximize their asset utilization. For those Fabs that still operate in the US it is essential that asset utilization is maximized to generate the best possible cost and to take advantage of increased capacity to capture market share. Intersil is a
global leader in the design and manufacture of high-performance, analog, semiconductor solutions featuring flat panel displays, optical storage (CD and DVD recordable) and power management.
As a result of consolidation of operations and significantly increased production requirements, Intersil’s
main Fab was facing bottlenecks in supply versus demand. Intersil enlisted Tefen USA first to support
identifying the Fab bottleneck, and then to develop a comprehensive roadmap for capacity and cycle time
improvements. A team composed of Tefen USA and Intersil members conducted a short assessment to confirm that the Photo area was the bottleneck, and then initiated an aggressive and focused cross-functional
improvement team. The improvement team combined their extensive experience in semiconductor manufacturing with the DMAIC methodology to systematically Define, Measure, Analyze, Improve, and Control
the Photo performance. In the next six months after the initial assessment photo cycle time dropped by
60%, while Photo and overall Fab production increased to record levels (a 40% increase). In the following article, we will highlight how we used the Six-Sigma DMAIC approach and other tools to eliminate the
bottleneck, and ultimately to control and sustain the change.
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Intersil was aware of several of the problems and
had several projects underway to address some of
the issues. But, their capacity planning forecasted
a shortfall between the capacity increases expected
from current projects and the capacity they needed
to meet ramp plans. As a result, they determined
that they may benefit from
external resources with the
proper expertise. At this
point, Tefen was engaged to
help them focus on the right
problems, and then aggressively develop and implement solutions.
The first step in the DMAIC
methodology it to “Define”
the scope and focus of the
project. You don’t want to
try to boil the ocean, so you
need to scope the project
such that you can achieve

In the Fall of 2002 it became clear to Intersil
that they did not have the production capacity to meet their market demand. They were
forecasting a need to increase the number
of wafer starts per week 37%. The required

results in an acceptable time
span. The definition process started with a short
on-site assessment of the fab operations. Based
on Intersil’s current capacity data and performance indicators it became clear that the Photo
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that the Photo areas needed to be addressed as a
whole (i.e., starting with Coat, then to Expose,
to Develop, to Measure). Intersil already had
tool installation projects underway that should
net 15%-20% additional capacity. Therefore,
Tefen was challenged with finding an additional
20%-25% capacity to enable Intersil to meet its
demand targets.
Another pivotal decision made at this early
stage of the project, was the creation of a Steering Committee. For any project of this scope to
be successful, there must be clear support and
quick decisions by management and stake holders. From the outset of the project, Intersil and
Tefen organized a weekly meeting to review
progress, activities, plans, schedules, and problems. The Steering Committee was composed
of high-level management and engineering leaders, who were capable of assessing the project
activities, progress, and direction, and making
all needed decisions. This Steering Committee
was essential to the timely implementation of
solutions throughout the project.
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Even if a client has automated data
collection and analysis (which was
the case at Intersil), it is important
to validate the data prior to using it,
understand how the data is collected,
and how the performance indicators are
generated. To this end, Tefen performed an extensive observation study
(referred to as an MOS, which stands
for Multi-Observation Study). In this
case, Tefen performed an abbreviated MOS, which entailed sampling
of the equipment and personnel states
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to ensure the operational changes are sustained.
The impetus for dividing our resources into several, cross-functional focus teams was primarily
to partition the vast amount of
work that needed to be done in
analyzing the operations and
to allow for parallel implementation of improvements and
solutions. Ideally, changes and
improvements would be made
in a controlled manner, with
key performance indicators to
monitor the magnitude of the

tool performance under varying operating

effects. However, due to the market demand and
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capacity constraints, time was of the essence, and
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nance and vendors to design and implement
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sues outlined in Figure 6 will all affect the perfor-
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changes, the capacity loss at shift change

1. Creation of several new KPI’s to track both

for the Exposure tools averaged about 8%

detailed tool and area performance and high-level
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KPI’s to track the overall Photo area performance

Soon after implementing the first three work

with respect to output and cycle time.

methods improvements, the capacity loss
decreased to about 3%, the week-to-week

2. A cross-functional Training Team to incorpo-

variation decreased significantly, and the
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and SOP’s for use by the Intersil Training Depart-

Once improvement and implementation
activity is underway, consideration must be

ment and the Operations management teams. Our
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meaning. For example, at the most basic level the

In our case, the execution of this phase of

operators and area supervisors need to know very

daily performance chart (see Fig. 8)
that provided real-time feedback to
the user on the output of each work
zone by team/shift.
Another step up in generalization is
to create a historical performance
chart that provides information
regarding the trends in performance.
This type of KPI Another step up in
generalization provides that invaluspecifically and in real-time how an area or

able view of whether or not im-

tool is performing to gauge if daily output

provement is taking place, and if improvement is

targets will be met. This required level of

being sustained. For example, Fig. 9 illustrates the

information necessitated the building of a

improvement in cycle time performance (dotted

lines) in a set of Coat tools after the imple-

level KPI’s, like Fig.10 (lines indicates output),

mentation of improvements. This chart is a

were critical to monitoring this improvement in

good illustration for everyone of how well

capacity, and to ensuring that the Fab performance

this cycle-time improvement is being main-

is sustained at a high level of productivity.

tained week to week, given that output has
been consistent or increased at the same time
that cycle time is being reduced. Monitoring
performance at the highest level was done
with KPI’s that tracked the entire area output
and performance. The “bottom line”, so to
speak, was to improve area capacity 40%.
Through a combination of output increases
and cycle-time reduction, overall capacity
was shown to exceed this target. The high-

Actual Photo area output increased 35% and was
sustained at this level. Simultaneously with this
increase in output, actual cycle time was reduced
over 60% (see Fig. 10). This reduction in cycle
time was maintained at this low level. Given that
capacity can be used for output or for cycle time,
increases in capacity will not always be indicated
by output measurements alone. Likewise, cycle
time measurements will not always indicate im-

provement in capacity, if output is increas-

eter, where “x” is the time one unit spends in the

ing. As a result, Poisson based performance

system. The performance curve in Figure 11 com-

curves were used to estimate increases in ca-

bines the improvements in output and cycle time

pacity resulting from cycle time reductions.

to estimate a total capacity improvement of 47%,

Performance curves are informative KPI’s,

thereby exceeding the original targets.

because output or utilization can be graphed
together with cycle time to indicate overall
capacity. Graphing output and cycle time
together in a performance curve can indicate
how capacity increases are being utilized,
i.e. for output, or for cycle time, or for some
combination of both.
Using a Poisson system, an operating curve
based on cycle time and equipment (i.e.,
server) utilization can be created. Cycle
time was normalized to an X-factor param-

In summation, the Six-Sigma DMAIC approach is
a proven and effective method for understanding
problems and creating improvement to an operation. As with any tool, there are many ways to use
it and apply it successfully.
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