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Abstract: This paper Proposes a novel, accurate 

and a high sensitive capacitive based energy 

harvester is proposed. The capacitance varied in 

accordance to the amount of light energy that is 

able to fall on the surface of top layer of proposed 

structure. If the light intensity is varied, the 

displacement of the cantilever is varied which 

varies voltage in between the plates, that varies the 

overall capacitance of the proposed structure. The 

minimum and maximum values of capacitance are 

15µf to 600 µf for  applied voltage of 0.25µv to 3 

µv.  The structure is simulated in COMSOL Multi 

Physics FEM tool and capacitive Sensitivity is 

calculated with respect to voltage.The  capacitive 

sensitivity is 0.2555 

Keywords: Capacitance,Intensity,Comsol. 

I. Introduction 

Micro-Electro-Mechanical Systems (MEMS) is a 

technology that integrates both scaled-down 

electrical and mechanical components. Micro 

sensors, actuators, electronics are combined and 

integrated on a single chip which is a progression 

in MEMS technology. MEMS have been 

extensively used in various fields like biomedical, 

aerospace, wireless communications[1]. In Micro-

Electro- Mechanical Systems (MEMS) technology 

there are different components like micro sensors , 

micro actuators, microelectronics, micro 

structures. In this technology different components 

are integrated on a single chip.  

Micro-Electro- Mechanical Systems (MEMS) 

technology helps in designing the products 

cheaper and in more efficient way. In mems 

technology different materials like nitrides of 

silicon, aluminium and titanium are used for  

 

 

 

fabrication purposes. It has elements size ranging 

from 1 to 100 microns .The electrical elements on 

the chip processes the data whereas mechanical 

elements acts on the data.  With the recent 

advancement in wireless and 

microelectromechanical system (MEMS) 

technology sensors has the necessity to be placed 

anywhere. When these sensors are placed in 

remote areas, it will become a costly task to 

retrieve the sensor and exchange the battery.                     

 Energy harvesting from ambient vibration 

by Micro-Electro-Mechanical Systems (MEMS) 

technology is one of the promising replacement. 

Micro-Electro-Mechanical systems has the 

possibility to facilitate the execution of energy 

harvesting strategies in wide range of applications 

and  can be able to give rise to energy self-

sustainable devices[3]. The heterogeneity of its 

applications is especially essential in low-power 

applications like sensor systems. Now a days, 

energy harvesting  from surrounding sources like 

vibration and ambient heat are  extremely good for 

self-sustainable power sources which is applicable 

for low power  sensor systems and individual 

health monitoring. The ability todesign an energy 

harvester with Mems technology driven by 

vibrations which exist in an abundant amount in 

nature can lay a way for the recognition of energy 

self sustainable device with adaptability that is 

unachievable by other technologies. Vibration 

energy harvesters are classified into three types 

based on transduction methods which are   

electromagnetic ,which is developed by 

considering Faraday’s law of induction which 

creates electric power when a  number of loop 

turns cut over an attractive magnetic  field. 

Piezoelectric method uses  the piezoelectric  effect 

of certain materials, like lead zirconateTitanate 

International Journal of Pure and Applied Mathematics
Volume 115 No. 8 2017, 413-418
ISSN: 1311-8080 (printed version); ISSN: 1314-3395 (on-line version)
url: http://www.ijpam.eu
Special Issue ijpam.eu

413



 

 

(PZT)and poly vinylidene fluoride (PVDF), which 

are electrically polarized and can produce charges 

when subjected to mechanical strain or stress[4].  

Piezoelectric energy harvesting devices have been 

more intensively studied because of their simple 

configuration, high conversion efficiency and 

ability for precision control of the mechanical 

response. Electrostatic method is mainly focused 

on variable capacitor structure which is subjective 

either by an external voltage sources  or pre-

charged electric materials. 

In recent times, there has been increasing 

interest in the idea of energy harvesting, which is a 

process of capturing ambient waste energy and 

revoking it into functional electricity[5]. 

Conventional power sources such as batteries have 

constrains  in present  wireless remote sensor 

networks, among them are large volume, restricted 

lifetime, environmental pollution and huge 

maintenance requirements. Furthermore the 

increasing demands upon gadgets like wireless 

device networks and therefore the recent advent of 

the extremely low power electrical and mechanical 

devices such as microelectromechanical systems 

(MEMS) make such renewable power sources 

very attractive. In this paper we use array of 

cantilevers because an array has a wider 

bandwidth than that of a single cantilever. This 

physical structure plays an important role in 

increasing the harvester’s capability. In Mems –

based piezo electric harvesters the rectangular 

shaped cantilever structures are most frequently 

used which are very easy to construct and efficient 

in transforming energy from atmospheric 

vibrations. These cantilevers are designed for 

working under low frequency range with improved 

power output and frequency flexibility. 

 

II. Literature Survey 

Mdnaimyuddinet.al., worked with T-shaped 

cantilevers and. The free end of the piezoelectric 

cantilever beam was displaced and stress in the 

cantilever beam was generated at  the clamped end 

of the beam. At 2.47mm the free end of the beam 

has maximum displacement at resonant frequency 

of  238.75 Hz[6]. The T-shaped cantilever beam is 

used for converting mechanical properties  into 

electrical energy with respect to  the piezoelectric 

energy harvesting within subordinate frequency 

range. 

Md. ShabiulIslamlet.al., worked on  

piezoelectric cantilever beams and  evaluated 

using FEM simulation. Eigen frequency study was 

concluded to achieve Eigen value. The frequency 

analysis of Beam 1 was shown in the range of 170-

210 Hz, while for Beam 2, the conducted  range 

was 140-180 Hz. At last the  terminal voltages of 

thepiezoelectric cantilever beams was acquired 

after performing electrostatic analysis on the 

beams.Atresonant frequency of range 163.4 Hz the 

higher terminal voltage is obtained at conducted 

range of 7.8mV. While from the Beam 1 with 

smaller proof mass, terminal voltage of 7.64 mV 

was obtained at resonant frequency of 190.3 Hz. 

RazvanMialtuet.al., worked with capacitive 

MEMS energy harvesting concept was mainly 

focused  to resolve the common issue of all 

capacitive energy harvesters: the requirement of an 

auxiliary energy reservoir. The system and its 

simulation is mainly based on mathematical 

equations and the concept of  feasibility. 

Daniel J. Apo et.al., mainly deals about 

two arc-based cantilever geometries namely 

simple and zigzag were designed, modelled and 

compared with their linear counter parts to show 

their operational capability at lower frequency. A 

finite element code was established and applied to 

obtain the natural frequencies of the piezoelectric 

cantilevers[7]. The decrease in frequency was 

more significant for the zigzag geometry with 

values up to 40%. Mode shape analysis showed 

that the arc-based cantilevers exhibited similar 

fundamental mode shapes as their linear 

counterparts. The results obtained show that arc-

based cantilevers offer significant frequency 

reduction for MEMS scale harvesters. The 

reduction in frequency becomes more significant 

when the effective mass and/or volume of the 

cantilevers are taken into account. Furthermore, 

the vibration characteristics of arc based 

cantilevers such as mode shapes can be 

predetermined thereby simplifying the design and 

modelling process[8]. 

Salemsaadonet.al.,observed the maximum output 

power harvested was 60microwatt without any 

interface, there will be a reduction of the delivered 

power. The diverged output power was affected by 

the vibration of cantilever. the applications they 

have incorporated are medical monitoring devices 

.The method. they have selected is coupling mode 

which involves mod 31 and mod 33. 

 

III.Structure Design and Analysis 
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The beam structure consists of a silicon base frame 

a silicon oxide layer and followed by a  silicon 

oxide layer and a pair of platinum electrodes 

which are placed on either side of pzt beam and a 

metal mass (Ni) is placed at the tip of a cantilever 

which is used to reduce the geometry’s natural 

frequency. The natural frequency is defined as 

(√k/m) .The operation of the cantilever is as 

follows.  

Whenever the base frame of the device is agitated 

using environmental groundwork, then 

simultaneously input force nourishes into this 

second order system, where some parts of the 

cantilever device moves with reference to base 

frame. This relative displacement produces the 

piezoelectric material within the system that is 

compressed, which sequentially incites 

accumulation and charge shift because of 

piezoelectric effect. Stress induced by the relative 

displacement is proportional to the magnitude of 

the electric charge voltage. 

It is prominent that relative displacement 

can be amplified by resonant vibration. Hence 

maximum electrical power can be generated by 

micro generators which resonate at a frequency of 

surrounding vibration. Approximately natural 

frequency of the structure is given as (

where k is stiffness and m is mass. This shows that 

natural frequency of the power generator can be 

regulated by varying the structure dimensions of 

the cantilever.  

 

IV.Results 

The below figures shows the variation of 

displacement for a particular eigen frequency    

         Fig1..Eigen frequency :46242.153726

            Displacement:8827700µm 
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Eigen frequency :46242.153726 

  Fig 2. Eigen frequency :2.106461e5

Displacement :4050800 µm 

Fig 3. Eigen frequency :2.895471e5

           Displacement    :8901700 µm

Fig4. Eigen frequency :3.940428e5

Displacement :10995000µm 

 

Fig 5.Eigen frequency :8.1111233e5

Displacement :  8987600 µm 
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Fig 6.Eigen frequency :1.049294e6 

Displacement : 8650700 µm 

 

Table1 :eigenfrequency vs displacement    

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig7 The graph indicates the variation of  

displacementaccording to eigen frequency

The capacitance of the proposed structure C = 

, 

The natural frequency of the vibrating body is 

f=1/2�√�/�.  

The dimensions of a cantilever beam is 250*50*2

µm.  A capacitive energy harvester is simple 

cantilever structure which converts the natural 

energy into mechanical energy and then to 

electrical energy .The change in capacit

with stretching is linear for improved energy gains 

in energy harvester .The below results are the 

variations in capacitance according to the input 

voltage. The minimum capacitance is at 5µv.

 

Eigen 

frequency 

 

 

Displacement 

46242.153726 8827700µm 

2.106461e5 4050800 µm 

2.895471e5 8901700 µm 

3.940428e5 10995000µm 

8.1111233e5 8987600 µm 

1.049294e6 8650700 µm 

 

eigenfrequency vs displacement     

The graph indicates the variation of  

displacementaccording to eigen frequency. 

The capacitance of the proposed structure C = 
�	  �

�
 

vibrating body is 

The dimensions of a cantilever beam is 250*50*2 

µm.  A capacitive energy harvester is simple 

cantilever structure which converts the natural 

energy into mechanical energy and then to 

electrical energy .The change in capacitance along 

with stretching is linear for improved energy gains 

in energy harvester .The below results are the 

variations in capacitance according to the input 

voltage. The minimum capacitance is at 5µv. 

Fig7. Capacitance at 1.5e-4v 

Fig8. Capacitance at 3e-6 

Fig9. Capacitance at 2.5e-2 

 

Fig 10. capacitance at 3.5e-5 

 

0.00E+00

5.00E-08

1.00E-07

1.50E-07

2.00E-07

-2.00E-020.00E+002.00E-024.00E-026.00E-02

capacitance

 

 

 

 

 

 

capacitance

capa…

International Journal of Pure and Applied Mathematics Special Issue

416



 

 

Graph 2: the variations of capacitance according to  

the input voltage. 

 

Table2: input voltage vs capacitance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

V. Conclusion 

Using Comsol Multiphysics tool the structure is 

simulated, If an amount of light able to fall on the 

surface of the proposed structure. A boundary load 

which is proportional to the intensity of the light is 

calculated and that load is applied. By this 

boundary load the cantilever bends and the piezo 

electric layer undergoes stress. This stress is 

converted as the voltage using the piezo electric 

effect. So, If you vary intensity of light, the 

voltage in between the layers changes, which is the 

input voltage to the proposed device. This input 

voltage causes a change in between the plates of 

the capacitor. The capacitive sensing is sensitive 

when compared to the piezo electric actuation 

technique.   
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