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Realization of interface between MEMS process simulation
and finite element software

JIAN Fu-jian, LI Wei-hua

(Key Laboratory of MEMS of the Ministry of Education, Department of Electronic Science
and Engineering , Southeast University, Nanjing 210096, China)

Abstract: The process simulation for Micro-electric-mechanic Systems(MEMS) can be used in predic-
ting the actual structure of a MEMS before processing, which contributes to understand processing
properties,shorten design periods and to reduce production costs. Because the current simulation soft-
ware for MEMS analysis can not be combined with a finite element software, this paper presents a in-
terface named as ANDYD Parametric Design LLanguage(APDL) to link the process simulation software
and the finite element software. By proposed APDL, the results from MEMS process simulation are
imported into the finite element software to establish a model, then it is used to analyze on mechanical,
electrical and thermal parameters. Moreover,the largest circle algorithm is introduced the software to
implement the model reconstruction for the process simulation in the finite element software after a-
nalysis on several kinds of boundary contour extraction methods, which completes an seamless linking
from the process simulation to the finite element analysis(FEA). Experimental results prove that pro-
posed interface design is conductive to the systematization of MEMS CAD technologies.
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1 Introduction

MEMS process simulation aids in under-
standing the accurate structures before actual
fabrication, especially nonideal outlines, such as
contacts, corners, islands, and defects!, The
results of process simulation can show the actual
figures of MEMS devices accurately, which have
been processed. MEMS process simulation in-
cludes lithograph, doping, heat treatment, dep-

osition and etching simulation and so on"

Finite Element Method (FEA) is always

2-3]

used to disperse the object to a finite element,
and solve the model under some boundaries and
load conditions then show the figure of the ob-
ject and plot the stress ideal structure of the
MEMS device. It still can’ t analyze the actual
MEMS process simulation demonstration.

If the results MEMS process simulation can
be imported to FEA software, such as ANSYS,
it will be useful to improve the performance of
MEMS devices. However, it is difficult to ana-
lyze the figure in process simulation by ANSYS
directly.

Therefore, it is necessary to think about
how to import process simulation data with engi-
neering formats such as APDL to integrate with
FEM analysis. This work is also valuable to
MEMS CAD.

This paper briefly discusses the steps to re-
alize the interface, details a method to convert
MEMS process simulation data to APDL for-

mat, and gives an example of this interface.

2  General frameworks from MEMS
process simulation to finite ele-

ment analysis

The most important result of MEMS

process simulation is that we can get the process
parameters and layout information, and then we
understand the accurate and visual three-dimen-
sional geometrical structures. Finally, we use
FEM, such as ANSYS, to analyze the three-di-
mensional structures. MEMS process simulation
shows the effect of parameters, so that the actu-
al fabrication can be optimized and the accuracy
of critical structures and the reliability of devices
can therefore be improved.

The CAD architecture of process simulation

of MEMS™! is shown as Fig. 1.
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Fig. 1 CAD frameworks of process simulation of

MEMS

It indicates two key points from process
simulations to FEA. One is that how to put the
process simulation results into ANSYS via data
exchange method. The other is that how to build
a finite element model in ANSYS. According to

the analysis mentioned above , we present the

MEMS process Data format
simulation exchange
Rebuild geometric Import to
model ANSYS
Mesh the model FEM.
analysis

Fig. 2 General frameworks from MEMS process

simulation to FEA
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general framework from MEMS process simula-
tion to FEA. The procedure described consists
of six steps, which is shown in Fig. 2.

Data format exchange and rebuilding geo-

metric model are the main work in this paper.

3 Method

APDL stands for ANSYS Parametric De-
sign Language, a scripting language that you can
use to automate common tasks or even build
your model in terms of parameters (variables).
APDL also encompasses a wide range of other
features such as repeating a command, macros,
if-then-else branching, do-loops, and scalar,
vector and matrix operations. While APDL is
the foundation for sophisticated features such as
design optimization and adaptive meshing, it al-
so offers many conveniences that you can use in
your day-to-day analysis.

The finite element model can be built in two
ways: one is the method that the meshed ele-
ments are directly defined through nodes, which
also is defined at first; the other is the method
that the element will be created by a sequence of
operation like the creating geometry, meshing
the geometry, etc. For the whole structure
FEA, the first method will be convenient and
easy. In this paper, we adopt the first method to
rebuild the finite element model.

To facilitate programming and upgrading,
we adopt file stream method to exchange data
format in VC++. In other words, we finish the
data format exchange via a program. The output
of process simulation is a text, which includes
coordinates of points and flags of states. To in-
tegrate with FEA, all the coordinates must be
written into APDL file to obtain keypoints via
ANSYS orders K, NPT, X, Y, Z, while K de-
fines a keypoint, NPT means reference number
for keypoint, X, Y, and Z means keypoint loca-
tion in the active coordinate system. To rebuild

geometric model, we pick up boundary key-

points. And then we use the order LSTR, P,
P, to define a straight line irrespective of the co-
ordinate system, where P, means keypoint at the
beginning of line and P, is the ending keypoint.
We can create volumes by areas, which can be
created by lines. Finishing these steps, the geo-
metric model is built. To mesh the model, we
define element type, real constants, and material
attributes. Finally, we load boundary conditions
to solve the model”*’.

The procedure to realize the interface be-

tween MEMS process simulation and ANSYS is

shown in Fig. 3.

| Process simulation resultsl

. File stream

method
I Exchange data format I
I Create all keypoints I
I Pick up boundary keypoints I
I Create lines (areas, volume) I
I Define element type I
(] Young
Input real constants and | | gl) ?g;;gs;
material attributes ratio
density,
|Enter solvers and calculatel ete.
1
I Postprocessor I

Fig. 3 Procedure to realize APDL interface

4 Example

Now we choose a common beam as an ex-
ample to show APDL, in which all the geometry
and topology information is kept well. First of
all, the result of the MEMS process simulation
is given, which is shown in visual software de-
veloped by our lab.

The main steps to realize the interface be-
tween MEMS process simulation and FEA is
shown as followings:

(1) All the data are imported to ANSYS as
keypoints after the data format exchange (file

stream method).
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Fig.4 A beam structure in process simulation
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Fig. 5 Create all keypoints

If the

boundary is a straight line, we just need to pick

(2) Pick up boundary keypoints.

up the beginning and ending keypoints. If the

boundary is a curve, we must pick up all the

keypoints.
1 AREYS
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A BEAM SUBJECTED FORCE

Fig. 6 Pick up boundary keypoints

(3) Use the boundary keypoints to create
lines. Finishing this step, the outline of the
beam is shown in Fig. 7.

(4) Create the area of the beam via lines.
As we can see that the beam shown in ANSYS in
Fig. 8 agrees well with the simulation result

shown in visual software in Fig. 4. After doing
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Fig. 7 Create beam outline
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Fig. 8 Rebuild geometric model

these, the geometric model has been rebuilt.
(5) Use the geometric model to FEA: mesh
the model, and specify force loads at nodes. The

result is shown in Fig. 9.
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Fig. 9 Specify force loads at nodes

From this example, we know that the AP-
DL interface rebuild the geometric model well.
Also, the results can be analyzed by FEA accu-
rately. This makes the seamless link of fabrica-
tion process simulation and structure perform-

ance analysis possible.
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5 Conclusions

This paper investigates the interface be-
tween MEMS process simulation and FEA, and
realized one interface; APDL (ANSYS Paramet-
ric Design Language). The FEA results shown
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