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ABSTRACT

We present an extended quadires-octrec mesh
generation method which is well suited for
semiconductor process and device simulation.
The method can handle complicated geometries
and moving boundaries. In order to describe
boundaries and trace boundary movement, we
apply the level set method in combination with a
local wansformation of the grid. The grid is
modified only in the vicinity of the boundary,
which keeps the computational work involved in
the grid generation low, and avoids interpolation
of solutions in most of the structure. Topological
changes in the structure are easily handled, and
the mesh quality and demsity are maintained
thronghout a simulation.

INTRODUCTION

The generation and adaption of the
computational gnd is a crucial part of the
numerical simulation procedure. The quality of
the grid determines the accuracy of the numerical
solution, and the number of mesh points directly
dictates the calculation speed. For 3D problems
in partcular, an efficient mesh generation
algorithm which generates a high quality grid
with as few mesh points as possible, is very
desirable in order io keep the calculation times
tow. General qualities of a good mesh algorithm
are the capability to resolve complicated
geomewies and to refine and un-refine the grid
without severely distorting the elements.

The simulation of semiconductor processes and
devices imposes several special requirements on
the grid. The abrupt variations and layers that
occur in the solution require that the mesh
density can vary abruptly. Ferthermore, these
layers are often planar, and hence the refinement
strategy should allow for anisotropic refinement.
In fact, since alt semiconductor devices start out
from a flat wafer, many of these layers in the
solutions are parallel to the original wafer
surface.

The mesh requirements for semiconductor
simulation favor the quadtree-octree mesh
generation method [1], in which the mesh is
created by  successive  subdivision of
rectangles/bricks. These types of meshes allow
for a very easy and mamwral anisotropic
refinement and vn-refinement, and any type of
searches in the mesh are fast and algorithmically
easy. Quadiree-octree mesh generation methods
have been applied successfully to fixed grid
problems in 3D device simulation [2] and
diffusion simulation [3]. Despite these successful
applications to the semiconductor simulation
area, several problems remain to be solved.

When applying the octree method to non-planar
geometries the basic algorithm must be extended.
In the modified quadtree-octree method [1] this
is done by the inroduction of new nodes at the
intersection points of the geometrical boundary
with the quadtres-octree elements. The
mtersected eclements are then tessellated into
triangles/tetrahedra respecting the geometrical
boundary. Variants of this method have later
been applied to the simulation of semiconductors
[2](3]. The method appears to have some
nbherent shortcomings, though, as was pointed
out in [4].

Moving boundary problems, e.g. oxidation and
silicidation, pose additional problems for the
mesh geperation. For 2D problems moving
boundaries have traditionally been handied by
the swing algorithm, and 3D extensions to this
algorithm have been presented [5]. However, for
problems which do need a boundary conforming
bulk mesh {(oxidation, silicidation) the string
algorithin requires the mesh to be wnstructured,
which prevents (or severely complicates) un-
refinement and an-isotropic refinement. In
addition the problem of “collapsing elements”
(de-looping) i the string algorithm is
considerably harder in 3D than in 2D.
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