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J O U R N A L  A R T I C L E S  B Y  F L U E N T  S O F T W A R E  U S E R S

Figure 1. The 3-D model of initial MOCVD reactor conditions shows the sharp
flow transition required for uniform film growth

New semiconductor equipment development has
traditionally been funded bysemiconductor
manufacturers who needed the new technology to
move their own development forward. Increasingly,
however, equipment manufacturers are being asked
to fund equipment development on their own. At the
same time, the cost to develop equipment has
escalated to meet the demand for improved
uniformities, lower particle counts, and larger wafer
sizes. To reduce the cost of design, fluid flow
simulation has become an increasingly popular tool,
because it allows design engineers to test various
process chamber configurations without having to
build and physically test each one. Understanding
flow patterns inside a processing chamber can lead to
improved uniformities and fewer particles at a lower

development cost. 

Spin Coater Development
One such processing chamber is the bowl of a spin
coater. The air flow distribution in a spin coater
affects both the photoresist thickness uniformity and
the number of particles deposited on the wafer. The
final photoresist thickness depends upon the
evaporation rate of the volatile solvent within the
deposited resist. If the airflow across the wafer is not
uniform, the resulting resist will be of a nonuniform
thickness  radially across the wafer. (The rapid
spinning of the wafer confines nonuniformity to a
radial pattern.) 

During the spin-off process, the wafer is accelerated
to very high speeds that propel excess resist from the
wafer by centripetal forces. This process
generateslarge numbers of resist particles, which, if
not efficiently swept away, will likely wind up on a
wafer at some point in time. Recirculation zones
inside the chamber can cause these particles to be
redeposited on the wafer. Any interruption of airflow
through the bowl will cause the particles to be
deposited on the walls of the chamber, where they
create a hazard for future wafers.

Determining Optimum Flow 
Patterns
To determine the flow pattern inside a spin chamber,
flow measurements can be made at several locations
inside the bowl. Process uniformity and particle
levels are also an indication of flow path. However,
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these methods are not enough to provide a thorough
understanding of the complex patterns within the
chamber. In the past, expensive trial-and-error
methods were used to design these chambers, often
resulting in less than ideal performance of the coating
process. 

Alternatively, computational fluid dynamic (CFD)
modeling software provide significant insight into the
flow patterns in even the most complex spin coating
system. Models go well beyond simple flow
measurements by allowing the design engineer to
change conditions, such as exhaust flow rate, to
determine the operating window of
the coater. More importantly,
models can predict flow patterns in
conceptual chambers. A designer
does not even have to build the
chamber to determine its
effectiveness. The designer can
then optimize the conceptual
chamber before any prototype is
built.

Case Study
X. Zhu and F. Liang at FSI
International felt that CFD could
aid their efforts to optimize spin
chamber design. The first step in
this process was to model an
earlier version of the coater, the FSI Polaris ®
Microlithography Cluster Coat Station. The engineers
began by taking several hot-wire anemometer
readings inside the chamber to gather flow
information. The first measurements were at the top
inlet to the chamber and showed a nonuniform
velocity profile in this region. These data allowed the
engineers to select a pressure boundary condition at
this point instead of a velocity boundary. They then
used a Dwyer manometer to measure the pressure at
the exhaust ports of the chamber. Velocity
calculations based on these pressure measurements
correlated well with the actual measurements by the
hot-wireanemometer. 

Using the measured data as a starting point for
modeling the chamber, the engineers entered this data
into Fluent, a CFD software package from Fluent Inc.

The chamber dimensions came directly from a CAD
file and were entered automatically into the modeling
software. The total amount of time required to set up
the model was about 30 min.

The engineers began with a 2-D model, but quickly
found that 2-dimensional modeling of the
asymmetrical chamber geometry provided unrealistic
results. A 3-D model of the chamber, on the other
hand, provided results that appeared realistic and
indicated a potential problem with the way the coater
was set up. 

Although the airflow coming into
the chamber struck the wafer in
the middle as expected, the
majority of the air circulated


