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Introduction

Finite element method is widely used to analyze,
simulate, optimize and design of electronic devices and
their systems. Lots of modern CAD, CAM, CAE programs
are based on this method. Fig. 1 summarizes the process of
finite element analysis.
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Fig. 1. Process of finite element analysis

Although numerical application of finite element
method is easy and straightforward and it produces
accurate results, several problems have been identified, e.g.
when modeling electronic devices or systems of complex
structure. The following important problems should be
noted: long computation time and large amount of memory
required to store intermediate computational data.

With rapid development of the field of electronics
various software packages based on finite element analysis
have been created, which are typically used to model and
simulate processes taking place in electronic devices and
their systems. It should be noted that more and more finite
element analysis software brands are being created or
ported to operating system “Apple Mac OS X”, especially
after company “Apple” started manufacturing personal
computers compatible with “Intel” processors. Also more
software is being created with capability of supporting two
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most popular operating systems, i.e. “Microsoft Windows
77 and “Apple Mac OS X”. The following finite element
analysis software packages can be noted: COMSOL
(COMSOL, Inc.), MATLAB Partial Differential Equation
Toolbox (The MathWorks, Inc.), FLexPDE (PDE
Solutions, Inc.). These programs differ in peculiarities of
geometrical model creation, finite element mesh
generation, methods of solution of differential equation
systems and result analysis functionality. Also the required
computational resources are different. The performance of
the mentioned software packages also depends on the
amount of computer resources reserved to the operating
system and on the efficiency of utilization of available
computational resources. This fact is especially relevant
during prolonged spatial (3D) modeling which may take up
to several hours or even longer.

It is also known that the precision of mathematical
description of the simulated geometrical model depends on
the size and shape of finite elements. Therefore it is
important to select finite elements of most suitable shape
and size in the respective areas of the overall model. The
number of finite elements and in turn the number of finite
element mesh nodes determines how long the formation of
differential equation system, its solution and all the
modeling will last [1]. There are also other factors
influencing the modeling performance, and we
accomplished an experiment during which we investigated
the performance of the selected finite element software in
“Windows 7” and “Mac OS X” operating systems.

The model in the analysis of performance

To analyze the finite element meshing performance the
spatial model constructed in the COMSOL software
environment [2-4] was used. The model of the simulated
device is provided in Fig. 2. The model represents a
section of the circuit board consisting of transistor and
solder tracks connected to the terminals of the transistor

[4].
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Fig. 2. Geometrical model of the electronic circuit segment [4]
used to analyze the modeling performance
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Fig. 3. The algorithm for the analysis of modeling performance
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Through-hole technology is used to attach the the
transistor to the PCB. All the mentioned parts form an
integral electrical system. Since our aim is to analyze only
the finite element mesh creation and solver performances,
we do not provide the detailed discussion regarding the rest
parameters of the model. The modeling algorithm is given
in Fig. 3.

The performance of the finite element mesh creation
was analyzed using two computers of different
configuration. The specification of the first computer
system: mainboard Apple 661-5038 Logic Board,
processor Intel Core 2 Duo T9550 (2,66 GHz), hard disk
drive Seagate ST9320421ASG; the second specification:
mainboard Apple 661-4960 Logic Board, processor Intel
Core 2 Duo P8600 (2,4 GHz), hard disk drive Seagate
ST3250620AS. Both computer systems used the random
access memory of type 2 x 2 GB PC3-8500 DDR3
SDRAM (1066 MHz). In this experiment the operating
systems “Mac OS X Snow Leopard” and “Microsoft
Windows 7” were used.

Research of the finite element mesh creation
performance

The most typical problem which has to be solved or at
least answered approximately is related to the density of
the finite element mesh. This parameter is directly related
to the modeling precision and duration. Usually we seek a
balance between these characteristics and, since there are
no universal recommendations every modeling situation is
more or less unique. In some cases a denser mesh is more
preferable, since smaller size of finite elements generally
leads to smaller errors of modeling results. However
decrease in size of finite elements leads to increase of
modeling duration, therefore excess time resources or
increased amount of computational power may be required
in such case. Therefore a question regarding a balance
between the size of finite elements used to mesh the
geometrical model and available resources (amount of
computational power and/or time) has to be clarified,
especially in cases of large and elaborate models.

Notably geometrical features of the model can also
have a critical importance regarding the end results of the
modeling. For example, the geometrical model may consist
of the volumes of regular geometrical shapes or contrarily.
This aspect is important when selecting free (unstructured)
mesh or mapped (structured) mesh types. Mapped meshing
requires that the modeling area or a part of it would consist
of regularly shaped volumes. In general free meshing is
compatible with different types of finite elements, as
opposed to the mapped meshing, however, in many cases it
can be associated with more intense computational load.

Fig. 4. Tetrahedral finite element. Letters indicate nodes



In our research we used a Free Tetrahedral feature to
create an unstructured mesh consisting of tetrahedral finite
elements [2, 3]. This software feature provides us with the
possibility to control the number, size, and distribution of
elements by using Size and Distribution features. In order
to generate the finite element mesh the tetrahedral finite
elements were used (Fig. 4.).

In general case the shape functions for tetrahedron
element are defined as [5]:
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here u;, v;, w; — the displacement of the finite element nodes
LJ K L M,N,O,P, Q, R (Fig. 4) along directions of axes
X, ¥, z; ¢; — scalar field parameter (e.g. electrical potential)
at the nodes of the finite element, where i denotes the node
index; L;, L,, L3 and L, — normalized coordinates, the
magnitude of which ranges from 0 at the top of the element
and 1 at the opposite wall of the tetrahedral finite element.

Fig. 5. Mesh containing 12425 tetrahedral finite elements

The generated finite element mesh is shown in Fig. 5.
After performing the analysis of finite element mesh
creation duration it can be seen that COMSOL software
meshes the volume of the model faster when using “Mac
OS X Snow Leopard”, compared to “Windows 7”.

The absolute difference between meshing durations
increases with the increase of the number of finite elements
in the analyzed mesh (Fig. 6).

Analysis of solution performance of differential
equation system

For the analysis of the solution performance of
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differential equation system in each iteration the same
spatial geometrical model (Fig. 2) and algorithm (Fig. 3)
was used. To perform the analysis the stationary solver [2,
3] was used. This solver is typically used when modeling
steady-state problems which do not include any time-based
calculations (e.g. transient processes, etc.). This solver is
also suitable to perform a steady-state optimizations of the
finite element model parameters.
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Fig. 6. Durations of finite element mesh generation using
microprocessors T9550 and P8600

The obtained distribution of the simulated thermal field
is provided in Fig. 7. After performing the analysis of
solution duration of differential equation system it can be
seen that when using COMSOL the problem is solved
faster in “Mac OS X Snow Leopard” environment than in
“Windows 7”. The absolute difference between meshing
durations increases with the increase of the number of
finite elements in the analyzed mesh (Fig. 8).
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Fig. 7. Representation of the modeling results



approximately 20 min., the difference of meshing duration
was 322 seconds for processor T9550 and 379 seconds for
1800 1 processor P8600.

1600 After completing the analysis of solution of differential
equation system it was determined that the problem is
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which the finite element analysis software performs the
computations during the modeling of electronic devices
and their systems does not have the substantial impact on
the modeling performance. It is significantly more
practical to select and create an optimal geometrical model
0 L and to select and optimal density of finite element mesh,
which has a substantive influence on the solution duration
of differential equation system and basically determines
the duration of entire modeling.
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