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Energy Harvesting for Bio MEMS using Piezoelectric Materials

Jung Woo Sohn" and Seung Bok Choi”

ABSTRACT

In this work, a theoretical investigation on the energy harvesting is undertaken using one of potential smart
materials; piezoclectric material. The energy equations for both square and circular types of the piezoelectric material are
derived, and the energy generated from two commercially available products: PZT (Lead/Zirconium/Titanium:
Pb(Z1,Ti)O;) and PVDF (polyvinylidene fluoride) are investigated in terms of the thickness and area. In addition, a finite
element analysis (FEA) is undertaken to obtain the generated energy due to the uniform pressure applied on the surface
of the piezoelectric materials. A comparative work between the theory and the FEA is made followed by the brief

discussion on the usage of the harvested energy for Bio MEMS.
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Fig. 1 The force-charge relationship of the rectangular
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Table 1 Properties of piezoelectric materials'> '®

Parameter | Symbol PZT5A PVDF Units
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Fig. 3 The force-charge relationship of the circular
piezoelectric element

Fig. 4 Circular plate deflection under the uniform pressure
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Table 2 Comparison of the working stress at the center

between the theory and FEA
unit : MPa
Piezoelectric Ceramic
Thickness Square Circular
FEA | Theory | FEA | Theory
104m 31.87 35.64 | 34.27 39.13
30um 13.27 14.81 14.31 16.67
504m 6.39 6.39 7.30 7.88
1004m 0.29 0.25 0.42 0.40
Piezofilm
Thickness FEASqua"r:heory FEAC ircu}le'~llrleory
104m 12.16 12.88 13.06 14.20
304m 5.57 6.07 5.98 6.72
504m 3.71 4.07 3.98 4.55
1004m 1.60 1.58 1.81 1.95
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Table 3 Power generated from the piezoelectric materials

unit : uW
Piezoelectric .
C . Piezofilm
Thickness cramic
Square | Circular | Square | Circular
10um 1.17434 | 1.59269 | 0.45778 | 0.61192
30u4m 0.47218 | 0.70983 | 0.26776 | 0.36549
504m 0.13327 | 0.27934 | 0.17639 | 0.25216
1004m | 0.00047 0.0014 | 0.04565 | 0.08177
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Fig. 12 FEA result of 10m square piezoelectric ceramic
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