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1 Introduction

Modeling, generation, and adaptation of unstructured eeblased on e.g. simplicies
is of utmost importance for scientific computing, espegiallthe area of Technology
Computer Aided Design (TCAD). Not only does the quality of tlesults depend on
the quality of the mesh, a solution is even impossible, if am@annot be successfully
generated. The simulation of microelectronic devices sagtransistors is an area of
TCAD, which mostly makes use of finite volume schemes forréiszation, due to its
inherently flux preserving nature, which also implies thedamental requirement of
a Delaunay conform mesh. So far most of the Delaunay meshra@realgorithms
utilize convex hulls.

A drawback of these approachesiis the fact, that a conveishnitially constructed
and meshed. The final mesh is contained in this convex hulhasdo be obtained by
recreating the given boundary of the modeled structures Esue may also result in
overhead, due to the construction of convex hull parts, witian be of substantial
size and also have to be meshed just to be removed at the elmel wigsh generation.
This uneccessarily complicates and slows down the wholaubaly mesh generation
process.

Another issue results from a computer’s finite numericaliaacy becoming espe-
cially apparent when performing geometrical tests. Proklevith geometrical predi-
actes can even yield topological inconsistencies. Whpelmgical issues do not suffer
from numerical instability by themselves, they can regufiilure of the whole mesh-
ing algorithm.

Our approach focuses on theoretical results as well asigpabtgEchniques to over-
come the complex treatment of Delaunay conform mesh geaerdhe area of TCAD
is chosen for application, because the successful geoema@tia mesh is of fundamen-
tal importance here. The introduced approach is based orfieecsureatment algorithm
in order to satisfy the constrained Delaunay property ferhhll first. A subsequent
advancing front algorithm is specially adapted to complihtie consistent Delaunay
property and to circumvent colliding fronts.

2 TheMeshing Approach

Our approach splits the description of the Delaunayzatiep s;to a formal and an
algorithmic part. The formal part contains already exgpfimoofs which guarantee the
consistency and the Delaunay conformity. The algorithnact s based on the use



of formal theories with the help of an advancing front alfum. The formal part is
presented first.

Lemma 1. Given a domain D containing the vertices V and the boundath&;V b
€ B there is no vertex ¥ V, which encroaches b, if b is Delaunay.

In the case an encroaching element exists, an orthogonalutmal projection or a
rotation of the encroaching element onto the boundary el¢meapplied [3].

Lemma 2. If b € B is Delaunay, the ¥ V closest to b, which does not encroach b due
to Lemma 1, is used to create a Delaunay volume element [3].

Lemma 3. Let T be the set of volume elements of a tesselation of Bt K T is locally
Delaunay=- T is globally Delauany [3].

In the algorithmic part of our approach, the first step insutkat all boundary ele-
ments conform to the Delaunay property according to Lemnhathe subsequent step
the advancing front algorithm traverses all existing bargelements and creates new
volume elements according to Lemma 3. It has been shownhtsaalgorithm termi-
nates [3]. If no additional vertices are inserted while ambitag the front, the resulting
tesselation is Delaunay according to Lemma 3.

3 Result

Taking our approach results in several very important benefhich simplify mesh
generation tasks. The fact, that the surface is preserwinihe whole volume mesh-
ing process, results in inherent parallelizability of theshing process, which enables
to utilize the full potential of upcoming multi-core CPUswasll as the distribution on
a computing cluster.

Additionally, the advancing front algorithm does not digilish between the actual
mesh generation and adaptation. Therefore, mesh adaptaticbe treated in the same
manner as mesh generation, by simply removing bad elemedta aubsequent local
meshing step. The absense of a convex hull greatly simpiifeese steps and also pre-
vents unnecessary meshing steps of areas which are remttvedeand, because they
are not needed. Only the truly required parts are meshed.

Carefully choosing the programming paradigms and the arogring language for
the implementation results in additional benefits for mdithensional Delaunay mesh
generation. Geometrical issues can be treated by usingiggnegramming and utiliz-
ing numerical libraries, e.g., intervall arithmetic or ekaumerical kernels, e.g. CGAL
[1] or Mauch [2].
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