J. KIEEME
Vol. 23, No. 5, pp. 424-428, May 2010
DOI: 10.4313/JKEM.2010.23.5.424

424

AIN &M ZISE 010|322 x| SHAE MA % 24

oA, Hyu'e

P eddstE AV AR RA 2 FGR

Design and Analysis of AIN Piezoelectric Micro Energy Harvester
Based on Vibration

Byung-Chul Lee' and Gwiy-Sang Chung*
! School of Electrical Engineering, University of Ulsan, Ulsan 680-749, Korea

(Received March 30, 2010; Revised April 9, 2010; Accepted April 20, 2010)

Abstract: This paper describes the design and analysis of AIN piezoelectric micro energy harvester. The
harvester was designed to convert ambient vibration energy to electrical power as a AIN piezoelectric
material compatible with CMOS (complementary metal oxide semiconductor) process. To cut off the leakage
current, AIN was used as the insulating layer. Also, Mo was used for the excellent c-axis crystal growth as
the bottom electrode. The AIN harvester which it has the low operating frequency was designed by using the
ANSYS FEA (finite element analysis). From the simulation results, the resonance frequency of designed
model is about 360 Hz and analyzed the bending mode, displacement and expectation output.
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Fig. 1. Schematic structure of designed AIN micro
energy harvester.
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Table 1. Input values of material properties.

Property Si Si02 Mo
Young's modulus (GPa) |170 90 329
Poison's ratio 0.34 0.165 0.31
Density (kg/m”®) 2330 2200 10200
Sputtered AIN films
Density (kg/m®) P 3512
ci 345
ciz 125
Elastic stiffness (GPa) = 0
c: 39
Cad 118
Cés 110
e -0.48
Piezoelectric stress constant (C/m’) [en -0.45
€13 1.55
Dielectric permittivity (o) i 2
£33 11

y (1) 1

Fig. 2. Equivalent model of AIN micro energy harvester.
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Fig. 3. Equivalent circuit of the AIN micro energy
harvester.
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Fig. 4. Optimal modal of designed AIN micro energy
harvester.
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Fig. 5. Strain distributions of AIN micro
harvesters with bending modes.
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Fig. 6. Displacements of AIN micro energy harvesters
with frequency range.
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Fig. 7. Output voltage variations of AIN micro energy
harvester with frequency.
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Fig. 8. Output voltage variations of AIN micro energy
harvester with accelerations.
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Fig. 9. Output voltage and power variations of AIN
micro energy harvester with load resistance changes.
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