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Creation of 3D Surface Models From 2D Layouts For BEM Analysis
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    ABSTRACT

In this paper we present a new approach to creation of 3D sur-
face models of MEMS devices from 2D layout masks suitable
for analysis using the Boundary Element Method (BEM) [1]. 

The algorithm is implemented as a part of the commercially
available BEM based multi-physics solver AutoMEMS [2]
and is responsible for automatically generating surface 3D
models from a layout (GDSII or CIF) and a user supplied pro-
cess description. The surface model is then automatically
meshed for numerical analysis with 3D BEM solver. 

Keywords:  3D surface modeling, BEM, boundary element
method

1  INTRODUCTION
The most accurate numerical analysis of complex MEMS
devices can be obtained by solving partial differential equa-
tions describing 3D physical fields. There are several widely
accepted numerical techniques for solving electrical, mechani-
cal and thermal fields, such as Finite Difference Method
(FDM), Finite Element Method (FEM) and Boundary Element
Method (BEM). 

For each of these numerical techniques it is essential to pro-
duce a geometry model that accurately approximates the real
device made in silicon. The geometry model can be produced
by numerically simulating the physics that describes the fabri-
cation process [3][4][5]. Such approaches of process simula-
tion typically require significant computational effort and
yield geometries with very detailed approximation of the real
manufactured device. Because of the very high computational
cost of process simulation and since the generated level of
detail causes additional effort during the numerical analysis,
this technique is typically limited to small portions of the
device. 

The alternative is to describe the effects of the fabrication
steps using a set of geometric operations, thereby emulating
the manufacturing process [6]. Such techniques can produce
geometries very quickly, with resulting geometries in very
good agreement with the actual manufactured device. Unlike
FDM and FEM which require volumetric tessellation, BEM
needs only surface representation of the device, which greatly
reduces the complexity of the geometry generation and the
construction of a computational mesh. 

2  GEOMETRY MODELING TOOLS
There are a number of commercial solid modeling engin
available [7] [8] and we have used some of them to prep
surface meshes for our BEM tools [1]. Geometry generat
with these tools is not computationally feasible for realis
MEMS devices. Further, some of the required functionali
such as ability to model conformal depositions is either mi
ing in these tools or is very difficult to use. We found that t
resulting triangular surface meshes were frequently unne
sarily fine for use with our tool, causing large computation
cost in the field solves without any gain in accuracy of t
solution. 

In most of the cases we observed that creating a surface m
was a task as challenging as solving the field problem.
address these shortcomings we have developed our own
face model generator. Our goal was to provide a fast 
robust geometry generation engine which is fully automa
and needs only minimal user interaction. 

3  GEOMETRY GENERATION
The tool reads the mask layout in CIF or GDSII format a
combines this information with the parameters of the fabric
tion process to produce a mesh suitable for analysis with 
BEM solver. 

. 

Figure 1: Graphical process description. 

In order to generate a 3D model from the mask layout, the u
must supply at least the heights and thicknesses of each m
layer. For models with multiple dielectric interfaces the us
also has to specify the heights and thicknesses of the die
trics and the values of the relative dielectric constants. O
tool supports both planar and conformal deposition of diel
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tric materials. The process parameters can be described in a
file using simple table based format or by using a graphical
editor as shown in Figure 1. 

Generating a proper mesh discretization is essential to obtain-
ing an effective solution using the BEM. A very coarse mesh
may yield inaccurate results, whereas a too fine mesh requires
additional solving time that may not be necessary for a desired
solving accuracy. Generally, it is not possible to produce an
optimal mesh by relying only on the geometry of the device
and without any information about the physics involved in the
problem. A mesh would be considered an optimal if it yields a
solution within desired accuracy goal with minimal computa-
tional cost. 

Our BEM solver employs an error indicator based adaptive
mesh refinement which automatically converges to a good
mesh [9] [10]. Thus we moved the effort of trying to produce
an optimal mesh from the geometry generation stage to the
BEM solver stage. 

The adaptive refinement strategy is performed in several steps.
First, the integrity of the input geometry is tested to ensure a
legal layout. In the next step, an initial mesh is created based
on a set of heuristic rules, to ensure that there are no elements
with large aspect ratios or excessive size. After solving for
field distribution on the initial mesh, the error indicators are
computed on all elements. The elements that contribute most
to the overall error are refined in successive steps until the
solution with the desired accuracy is reached. This approach
greatly simplifies the geometry generation process, because
the task of finding a suitable computational mesh is performed
by the BEM solver. 

Instead of attempting to produce an optimal mesh, our geome-
try generator creates a near minimal mesh, i. e. a mesh con-
taining the minimum number of surface panels required to
describe the device geometry. The initial meshing produces a
set of triangle strips which are then merged into quadrilaterals
whenever possible, thereby further reducing the number of
elements. 

3.1 Layer Operations

In order to allow all processing steps and maintain computa-
tional efficiency in model generation, we moved away from
traditional 3D solid modeling techniques. The new idea in our
algorithm is to exploit the layered structure of the models and
perform the major part of computational work in 2D instead of
3D. 

The layers are read from a CIF or GDSII input file in the order
specified by the process description. In the first step the poly-
gons on all the layers are merged using 2D boolean unions
[11] [12] [13] [14]. This ensures that there are no overlapping
parts of the model and it also reduces the number of surfaces
in the model. This step can be performed very quickly and it
does not require any modifications of the input geometry.

When using commercial 3D solid modeling tools to gener
MEMS geometries, we often found it necessary to reduce
geometrical complexity of our devices, otherwise the mod
would become too complex and require prohibitively long r
times. 

An example of a typical MEMS device is the accelerometer
the Figure 2 courtesy of ADI [15]. When using commerc
solid modeling tools we had to remove the etch holes; with 
algorithm that was not necessary. To merge the 820 polyg
in this example on a 233 MHz Intel/Linux computer takes le
than a second. 

Figure 2: Accelerometer geometry
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Figure 3: Triangular mesh of accelerometer geometry

Figure 4: Mesh repaired using quadrilateral elements

3.2 Inter-Layer Operations

Once all of the layers are cleaned up in 2D, we can extrude
masks in the z direction using the user supplied heights 
thicknesses of the metal layers. The side walls created in 
step are assigned proper materials on both sides. Special
has to be taken if there are multiple dielectric interfaces in 
model. 

Our BEM solver employs the Constrained Boundary Elem
Method (CBEM) [10] and can use general surface meshes
simulations. This enables us to generate the side walls 
layer and its top and bottom surfaces independently of e
other. Note that the vertices of the boundary elements fr
two parts of the mesh do not have to coincide using CBEM.
properly identify the interfaces between neighboring laye
we compare the layers whose top and bottom are touch
according to the process description. 

The areas of intersection between two mask layers do 
require any interface elements if both layers are of the sa
material. In the case of different materials on different laye
these areas can be identified using boolean polygon inter
tion operation and meshed as interfaces. Otherwise, they
removed from the geometry by employing boolean polyg
difference operation [14]. 

The resulting interfaces are meshed into triangle strips and
mesh is shown in Figure 3. The produced mesh is usually
suitable for immediate use by a BEM solver, because of 
very sharp corners and high aspect ratios of the triangles. T
ically, it is not easy to repair such a mesh consisting only
triangular elements. However, by merging the neighboring 
angles into quadrilateral elements, an improved mesh may
created as seen in Figure 4. This model contains only qua
lateral elements that can easily be refined in the solving p
cess. For the example in Figure 2. the entire process
identifying the interfaces and meshing takes 6 seconds o
233 MHz Intel/Linux computer. 

3.3 Modeling Dielectrics

All of the panels produced during the geometry generat
form an interface between exactly two different volumes. 
cases where only one metal and one dielectric are used, t
are only two volumes which can be identify as the “insid
(metal) and the "outside" (dielectric) volumes. In the case
multiple dielectrics each of the dielectric materials is a se
rate volume, and different parts of the geometry may have 
ferent inside and outside volumes. Some parts of the dielec
volumes are identified during the processing of the metal l
ers, and the parts that remain to be modeled are the interf
between different dielectrics. 

In order to model interfaces between dielectrics, we find 
complement of each of the 2D layer masks within a prede
mined bounding polygon on each layer. The resulting polyg
nal structure is meshed and the volumes on both sides o
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interface are identified from the process description. Again,
this meshing step is completely independent of the meshes
produced in earlier steps, even if they share some edges. 

To model conformal dielectrics we create a dielectric volume
around metal layers that emulate a conformal deposition. This
is accomplished by enlarging each of the 2D masks by the
thickness of the conformal dielectric. Similarly to the genera-
tion of the metal layers, the horizontal interfaces are deter-
mined by the polygons resulting from the boolean polygonal
operations and assigning the proper dielectric tags, and the
vertical interfaces are obtained by extrusion. 

4  VALIDATION OF MODELS
The validity of the produced models is verified through the
results of numerical simulations performed by the BEM
engine [9][10]. Although the described approach cannot han-
dle arbitrary geometries, for most of the practical designs it is
sufficiently fast, robust and simple to use, and the focus of
attention can be shifted from creating the model to using the
solver to optimize complex MEMS designs. 
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