
A Case Study in Predictive
Three-Dimensional Topography Simulation

Based on a Level-Set Algorithm

C. Heitzinger,1,2 A. Sheikholeslami,1 J. Fugger,3
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INTRODUCTION AND MOTIVATION

The aim of this work is to study the etching of trenches
in silicon and the generation of voids during the filling
of genuinely three-dimensional trench structures with
silicon dioxide or nitride. The trenches studied are
part of the manufacturing process of power mosfets,
where void-less filling must be achieved. Another area
of applications is capacitance extraction in intercon-
nect structures, where the deliberate inclusion of voids
serves the purpose of reducing overall capacitance [1].
Furthermore, these simulations make it possible to an-
alyze the variations on the feature scale depending on
the position of the single trench on the wafer and in
the reactor.

SIMULATION APPROACH AND RESULTS

In the elsa simulator (Enhanced Level-Set Appli-
cations), the transient movement of the surfaces is
tracked by a level-set algorithm including narrow
banding and a fast marching algorithm for extending
the speed function suitably [2, 3]. The particle tra-
jectories in the simulation domain are tracked via an
iterative radiosity formulation. The dominating reac-
tions paths are based on one main reacting species [4].

Figure 1 shows an isotropic etching process and Fig-
ure 2 shows the result of directional etching using chlo-
rine, where the incoming flux is not perpendicular to
the wafer surface. Figure 3 shows the deposition of
silicon dioxide into a cylindrical trench, where a void
is formed.

Despite the magnitude of computational resources
available today, care must be taken in the choice
of algorithms to achieve sensible times for three-
dimensional simulations. The simulation times for a
603 grid on a Pentium IV computer running at 2.8GHz
are between 2.77s and 47.4s for one step in the simu-
lations shown in the figures. A whole simulation typi-
cally consists of 100 or 200 steps.

CONCLUSION

The developed three-dimensional simulator was used
for optimizing the topography manufacturing steps of
power mosfets for automotive applications. The sim-
ulator was found to be applicable to a wide range of
both etching and deposition problems and to yield pre-
dictive simulations within a reasonable time frame.
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Figure 1

An isotropic etching process.

Figure 2

Directional etching.

Figure 3

Starting from a rectangular trench, a deposition
process results in void formation.
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