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Abstract. This paper is on the proposal of the methodology for the design and fabrication 
of the piezoelectric energy harvesting devices in viewpoint of the justification both 
structural and material properties.  There has been developing various kinds of energy 
harvesting techniques using piezoelectric films.  Most of them are for the justification of 
the design or the circuit.  The output of the piezoelectric harvester is the product of the 
material and structural parts.  It is, therefore, necessary to justify both of them 
simultaneously.  In this paper cantilever structure was fabricated for the improvement of the 
power generation in the low frequency region.  The resonant frequency and output voltage 
and charge from the following theory formula were calculated in this study.  

1.Introduction 

There has been increasing technological demand to develop the energy harvestor using ambient 
vibration for the application for ubiquitous micro devices and systems[1][2].  Piezoelectric energy 
harvestor is one of the techniques of the applicable for transducer from the mechanical to electrical 
energy.   The advantage of piezoelectric type is in its simple structure of smart materials and also the 
high energy conversion efficiency. MEMS piezoelectric harvestor has been developing with use of 
microfabrication technology and thin films[3]-[8].  Micro vibrational harvestor devices, like cantilever 
type have its resonant frequency over 1kHz in its earlier stages[3].  On the other hand, ambient 
environmental vibration has normally its resonant frequency in lower frequency region of 1-100Hz.  
The vibrational devices have its maximum output at its resonant frequency.  It is, therefore, necessary 
to develop such device structure as has low resonant frequency that is useful for ambient 
environmental vibration.  In addition to frequency requirements, it is also necessary to establish the 
methodology to justify the device structure and the choice of piezoelectric materials for the expected 
applications.    

PowerMEMS 2013 IOP Publishing
Journal of Physics: Conference Series 476 (2013) 012099 doi:10.1088/1742-6596/476/1/012099

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1



The output of the harvestor devices are shown to be as equation (1).  The right term is divided into the 
multiple of the 2 parts ; one is on the material characterization and the other one is on the size of the 
device.  It is, therefore, necessary to justify both the material and also the size of the device for the 
realization of the maximum performances.  In this article two approaches will be shown for the 
improvement of the piezoelectric energy harvestors.  One is the methodology of the justification of the 
size of cantilever devices.  Computational solution will be obtained for the high output with low 
frequency.  The other one is comparison of the resonant frequency obtained by simulation and 
experiment.  The thickness of the device Si layer was shown to be effective to the output of the 
devices. 

2. Method and Process 
Output charge will be equation (1) using a simplified model of the device shown as Fig.1. Capacitance 
becomes equation (2) assuming that piezoelectric is a capacitor, therefore the output voltage can be 
calculated equation (3). It is considered by formula (3) that characteristics of the device will be 
determined by the structural shape and material parameters. Equation (4) is the resonance frequency 
equation and is derived from a spring mass model of Si only. Q is the generated charge in this system. 
d, E, F, K are piezoelectric constant, Young’ modulus, induced force and coupling constant.  Those are 
based on the material properties of the piezoelectric films 

The dimension of the cantilever structure was examined using the finite element analysis for the 
justification. In this study, these theoretical calculations and finite element analysis carried out for the 
confirmation of the effectiveness of structural design and material composition.   This structure is 
typical in case of piezoelectric MEMS energy harvestor using SOI wafer[  ] .  The fabrication process 
is typical and was shown in previous work[ ]. The measurement of resonant frequency was carried out 
using laser Doppler vibrometer.  

The justification of the size of device was made for the specification the length of the beam that is 
kept as total length.  The proportion of the beam with mass and without mass was justified for the 
realization of the high output at low frequency region.  The comparison of the simulated and 
experimental results of resonant frequency will be shown with different thickness of device Si layer of 
SOI wafer.  Simulation was made with use of FEM method.   

                                        (1) 

                                                                  (2) 

                                 (3) 

                                    (4) 
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3.Experimental Results 
It was found that L = 2.5mm, 1.25mm, hsi = 9 m, hPZT = 2 m cantilever was optimal for the low 
resonant frequency and high output voltage by changing the dimensions in the equation (3) and (4) . 
Fig.2 show the output charge and voltage using the dimension value and the value of material 
properties. Charge is dependent on the Young's modulus and piezoelectric constant. Nb doped PZT 
has the largest piezoelectric constant. On the other hand, voltage is dependent on the dielectric 
constant, ZnO has the lowest dielectric constant among the materials in Table. According to these 
results, it is expected that Nb doped PZT which have high piezoelectric constant shows higher output. 
And similar tendency is also expected to KNN. 

Output voltage was calculated by using finite element analysis software: MemsONE. Simulation 
procedure for the output voltage is examined and established as follows. 1) Determine the 
displacement by using the harmonic response analysis. 2) Voltage was determined from the 
displacement by piezoelectric analysis. The thickness of the device Si Layer is shown to be effective 
to the resonant frequency. The comparison of the resonant frequency of the simulated ans 
experimental is in good coincidence.  Fig.3 shows the results of calculation of the resonance frequency. 
Among them type 2 has the highest output and low frequency.  But this type is difficult because of the 
heavy mass.  In the following sections type1, 3 and 4 will be compassioned in FEM and also the 
measurement of the devices.  Fig.4 shows the results of the output voltage at 100Hz. Based on the 
results of theoretical calculation and finite element analysis, high output of the actual device is 
expected by changing the material composition. 

Fig.5 shows the compassion of the resonant frequency and the thickness of device-Si layer of type 
1 device.  The resonant frequency has linear relationships with the thickness of device Si.   

Figure 2. The structure of the devices and the computational results 
of the resonant frequency and output  

Figure 1. Simplified model of the device. 
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Figure 3. Simulated results of voltage, resonant 
frequency and charge of the 4 types of cantilever devices  

Figure 4. Comparison of the simulated and 
experimental resonant frequency of different 

size with their schematic figure 

Figure 5. The relationships between the resonant 
frequency and the thickness of Device Si layer 
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4.Discussions and Summary
In this article design and simulation of the piezoelectric cantilever structure was carried out.  
Justification of the size was made and to be shown the most suitable structure of the energy harvestor.  
The resonant frequency of the same devices was simulated to obtain the resonant frequency.  The 
resonant frequency was shown to be strongly depend on the thickness of the device Si layer.  The 
relationship was linear.    The following results was mainly shown.  1) One of the optimization 
methods was shown. MEMS cantilever structure was examined and shown to be its optimised size.  
This is estimated using maximum output voltage and low resonant frequency.  2)The justification of 
the simulation and experimental value of the resonant frequency was carried out.  The thickness of the 
device Si Layer is shown to be effective to the resonant frequency.  In the optimization of the device 
structure, the 2.5mm-mass and 2.5mm-cantilever structure was most suitable for low resonant 
frequency and high output.  As a result, the method of the justification of the size of device was 
established in the above procedure.  The coincidence of the simulated and experimental is in good. 
The thickness of the device Si layer is affective to the output of the harvestor. 
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