Designing Plezoelectric Micro-
actuators Using COMSOL
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Introduction

ds; — piezoelectric coupling (~ 3|ds,|)
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Piezoelectric MEMS Design Parameters

— Design Parameter Coupling
* Physical Boundary Conditions
* Electrode Width
e Electrode Separation (Pitch)

 Number of Electrodes
— Separate or Design Parameter Coupling

Voltage Polarity




JAMES WORTH
BAGLEY
COLLELE OF ENCINEERING

Numerical Modeling
Interdigitated Actuator Pre-Processing

Thickness (um) | Young’s Modulus | Poisson’s Ratio Density (kg/m3)
(GPa)

° Geometry o PZT-5H 126 795841 0 0 0
126 84,1 O 0 0
— Diameter = 700 um Stiffness Matrix — 117 2;3 3 g CPa
. sym 23.0 0O
e Assumptions 23.0
— 2D axi-symmetric model with _ _
symmetric boundary Piezoelectric o 0 o0 00 17
conditions Coupling ¢ = (0 0 0 017 0} e
-6,5-6,523.30 0 0

Constants

1.503 0O 0

Permittivity e=[ 0 1503 0]x10_8 g
Constants o 0 13
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Numerical Modeling

Interdigitated Actuator Pre-Processing

 dg, — piezoelectric coupling (~ 3|dg]) — Applied Voltage = 140 VDC (500mA) on
R=0 Alternating Electrodes
i GND +140 V GND +140 V GND +140 V
> [ M ]
e}
‘% PZT = 125 MPa —
Q ﬁ
g G SiO2 = -147 MPa
=
> | Notional view showing only materials with known residual stresses

Spin Coated & Annealed Processing for PZT and ZrO,
» Low temperature deposition of SIO,
e Processing stack-up tolerance ~ 0.6 — 0.9um
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Design Parameters
Deflection vs. PZT Thickness

lum PZT 6um
electrode width
& 5um pitch
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Design Parameters
Deflection vs. Center Disk Diameter

Center Disk Diameter
(Even Number Electrodes)

120 160 200

—— Odd Number Electrodes
——— Even Number Electrodes

Deflection (microns)

90 100 140 180 220 260 280

Center Disk Diameter
(Odd Number Electrodes)




Electrode Boundary Position
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Design Parameters
Deflection vs. Electrode Position/Boundary

Conditions
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Deflection (um)
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PZT Thickness (um)
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Electrode Width

Deflection vs. Electrode Spacing
2 Micron PZT 5 Micron Electrode Width

Electrode Spacing (Even Electrodes)

7.2
g 7 _ )
g 6.8 Deflection vs. Electrode Spacing
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Electrode Spacing (Odd Electrodes)




Design Parameters
Electrode Separation Simulation

Electrode Spacing (Even Electrodes)
2 125 14 145 165 17 175 195 20
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Electrode Polarization (1lum PZT)

Positive 140 V Potential

70 um Center Disk

5 um Electrode Width
5 um Electrode Spacing
1 um PZT

Ground Electrodes on Clamped End
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Parametric Analysis




Design Optimization
Parametric Models - Deflection vs. PZT Thickness
(lum electrode width, 9 um electrode pitch)
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—0.25 micron PZT
——0.5 micron PZT
0.75 micron PZT
1.0 micron PZT
———1.25 micron PZT
=———1.5 micron PZT
——1.75 micron PZT
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Parametric Models - Deflection vs. PZT Thickness
(0.25um PZT, varying electrode width and pitch)
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Experimentation — Static Deflection
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Camera scan of
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Experimentation Static Deflection

Bl Z4Yg0 Microscope Application
10X Mirau B Zy30 Surface Map
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Deflection vs. Polarity of
Experimental Diaphragms

ctuator -4-
Actuator 2 Lot 4-4-1 3.49 2.52
Actuator 1 Lot 4-4-2 3.20 2.55

Actuator 4 Lot 4-4-2 2.85 2.79
Actuator 4 Lot 4-4-3 2.93 2.90
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650 mm Diaphragm w/ 90 mm Center Disk

T Ncounmeormeise)

8max_exp180V = 7.98 pHm
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650 mm Diaphragm w/ 150 mm CentelliEiaash

8max_exp180V = 7.17 pum




650 mm Diaphragm w/ 210 mm Center Disk

*

8max_exp14OV =1.45 pnm
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Conclusion

nowed the efte OT design parame
coupling/combinations on deflection

e Experiments verified the decreasing deflection trend with
respect to center disk diameter

 [nitial verification of the effect of even number of
electrodes on deflection (closed circuit)

 |dentified the difference in deflection with respect to
polarity

e Combined numerical models with given experimental data
for design optimization beginnings
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