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Abstract

Supplving power to microsystems that have no physical connection to the outside is difficult, and
using batteries is not always appropriate. This paper discusses how to generate electricity from
mechanical energy when vibrated in a cantilever beam. A model for the system predicts that the
output power of the system is maximized when the mechanical damping in the system is
minimized. Furthermore, to cover a wide frequency range and to be useful in a number of
applications, a system of beams with different resonant frequencies has been designed and
optimized. This information makes it possible to determine what design alternatives are feasible for

the creation of a micro power supply for any specific application of MEMS,
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Table 1 Comparisons of common energy sources and
common power requirements™®

Common Power Requirement
Desktop computer 10°W
Notebook computer 10W
Embeded CPU board 1W
Low-Power micro controller chip 10°W
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Fig. 1 First-order model of generator

web ARl A UG o)
siAE A@el et s A7 2EAG
2 93},

B = converted electrical energy
== - (3)
input mechanical energy

@ kn ASE T Holm Ame 5

kg = — @)
31 /SlElegv

q7IA die A S, s AEHo|dx ¥
A2 FAES Yepdth sHAIRE AAZE ke
Aol e Pl et JFS ol upd
° o] 3-1R=29] 77| A

T 2z ()

A7A fe FAFRE, Z e Aol
Wg ABSEE gehu i wEAFgE, &
Ageele] nf AEEE

= Uehad®. 31
Aol s At W uAE g W)
slof, & AR7L Telsm, @ W Al
Ao E WP 24 Yol A AAHS] W
8% Wate 9, ARt 324 @Eva F4

sk,

742



Axis 3
Electrode )
&S Poling .
direction Inertial
Mass
N
PZT : .
PZT
Axis 1
L
(_

Fig. 2 A two-layer bimorph mounted as cantilever
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Table 2 Comparing Measurement and FEM

Frequency(kHz) _
) Ratio
Measure FEM
66.56 66.45 0.998
Resonance
88.01 90.71 1.031
Anti 81.59 84.26 1.033
resonance 93.41 96.99 1.038

Table 3 Properties of PZT-5H elastic stiffness constant

at constants electric field in c;j(10'°Pa)

Table 4 Properties of PZT-5H piezoelectric constants
e(C/m% and dielectric constants(e/ )
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Fig. 3 Bending mode of plat for short-circuit
boundary condition
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Fig. 4 Relationship between coupling coefficient
ks and Length ratio
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Table 5 Computation and measurement of

power

freq power
(Hz) (um)

measure| 1.25"x0.5"x.02"| 26.8 450

Dimension(inch)

FEM | 1.25"x0.5"x.02" 27 1400
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