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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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Schematic structure of designed AIN micro
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Table 1. Input values of material properties.

Property Si Si0; 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
ci2 125
Elastic stiffness (GPa) o 120
C33 395
Cq4 118
Ce6 110
e -0.48
Piezoelectric stress constant (C/m?) |es -0.45
en 1.55
Dielectric permittivity (eo) L J
€33 11

Fig. 2. Equivalent model of AIN micro energy harvester.
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Fig. 3. Equivalent circuit of the

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 energy

harvesters with bending modes.

—  frm]

@ 10E-02

:_g 1st mode

:I:l 10E.03 A}l‘( mod:
(=]

<

=1oE04

Q 10E05

£

[+¥]

:‘E’ 10E06

- V

@ 360 Hz 36 kHz
FH1oeerl T ki

[} 1000 2000 3000 4000 5000
500 1500 2500 3500 4500

Frequency [Hz]

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.

B oATE eAYY L SnsdTa Adew
S EE SatATAE A Q@O

REFERENCES

[1] S. P. Beeby, M. J. Tudor, and N. M. White, Meas.
Sci. Technol. 17, R175 (2006).

[2] S. T. Mckinstry and P. Muralt, /. Electroceram. 12,
7 (2004).

[3] K. Tonisch, V. Cimalla, C. Foerster, H. Romanus, O.
Ambacher, and D. Dontsov, Sens. & Actu A 132,
658 (2006).

[4] J. Olivares, E. Iborra, M. Clement, L. Vergara, J.
Sangrador, and A. Sanz-Hervas, Sens. & Actu A
123, 590 (2005).

[5] G. S. Chung and T. W. Lee, J. Kor. Sens. Soc. 13,
462 (2007).

[6] J. B. Lee, J. P. Jung, M. H. Lee, and J. S. Park, 7hin
Solid Films 447, 610 (2004).

[71 M. S. Lee, S. Wu, Z X. Lin, and R. Ro, Jpn J.
Appl. Phys. 46, 6719 (2007).

[8] V. Hariharan and PSS. Srinivasan, J. Sci. Technol 2,
45 (2009).

[9] Z. C. Qiu, H X. Wu, and D. Zhang,
Struct. 47, 836 (2009).

Thin-Walled



