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Development of Finite Element Model for Dynamic Characteristics of MEMS
Piezo Actuator in Consideration of Semiconductor Process
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ABSTRACT

For the purpose of rapid development and superior design quality assurance, sophisticated finite element model for
SOM(Spatial Optical Modulator) piezo actuator of MOEMS device has been developed and evaluated for the accuracy of

dynamics and residual stress analysis. Parametric finite element model is constructed using ANSYS APDL language to increase

the design and analysis performance. Geometric dimensions, mechanical material properties for each thin film layer are input

parameters of FE model and residual stresses in all thin film layers are simulated by thermal expansion method with psedu
process temperature. 6™ mask design samples are manufactured and 1 natural frequency and 10V PZT driving displacement are
measured with LDV. The results of experiment are compared with those of the simulation and validate the good agreement in 1%
natural frequency within 5% error. But large error over 30% occurred in 10V PZT driving displacement because of insufficient

PZT constant d;; measurement technology.
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Figure 1 Schematic of SOM chip and piezo actuator
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Figure 2. Cross section of SOM chip
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(a) Epitaxial process (b) Piezo layer etching
(c) Ribbon formation (d) Al layer sputtering

and structure release
Figure 3. MEMS fabrication process for SOM chip
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Figure 4. Design variables of SOM piezo actuator
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Table 1 Residual stress in each layer
[Unit : x10° N/m?

Layer Experiment Simulation
SiN 100 94.00
Bottom Pt 902 831.2
PZT 283~373 128.8
Top Pt 902 813.50
Sio, -323~-359 -211.6
AL -36~-209 -108.5
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Figure 6. FE model of SOM piezo actuator

Table 2 Material properties of thin film layer

Property | SiSubst| SiN Pt SiO, Al
Density
Kgm3 | 2330 | 3#0 [ 21440 | 2200 [ 2700
E [GPa] 130 | 250 170 75 70
Poission’s |76 | 0278 | 038 | 0278 | 033
Ratio
CTE
[10° K] 26 28 8.8 1.0 232
Thickness 04 | 012 | o4 | o005
[¢m]
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Table 3 Material properties of PZT thin film layer

Density [Kg/m3] 7,500
E [GPa] 71.0
Poission’s Ratio 0.3
CTE [10° /°K] 2.0
Thickness [¢m] 0.5
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Table 4 Major design variables of 6" mask

Major design variables 6" mask
LDPZ(PZT thin film length) [¢m] 20.0
BL(Bridge length) [m] 151
TSiN(SiN thin film thickness) [m] 0.4
WH (Hall width) [zm] 15
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Figure 7. Simulation result of SOM piezo actuator

Table 5 Comparison between the results of simulation

and experiments

1* natural 10V Driving
Result frequency [Hz] displacement[(m]
Experiment” 593.9 (9.80) 305.3 (15.24)
Simulation 615.1 203.2
Error [%)] 3.57 334

" Result of experiment: average (standard deviation)
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