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Abstract—Inline with the advancement of low power circuit 
design, it has reduced the power requirements of electronic 
devices to the level of microwatts. As power demand decreases, 
the possibility of  using energy harvesting systems as an 
alternative to batteries increases. However, for low power 
electronic application, the consistency of minimum voltage and 
current supply to the electronic devices is an important issue to 
be considered. This paper presents an outcome of DC-to DC step 
down IC MC34063A for harvesting energy using piezoelectric 
and electromagnetic. The simulation results of the circuit shows 
an output voltage of 3.3V with an input voltage of 5V from the 
micro-generators.  

Keywords—Energy Harvesting, Piezoelectric, Micro generator, 
Hybrid, DC-DC Converter.  

I.  Introduction  
The use of energy harvesting technique has attracted the 

attention of researchers in ensuring effectiveness in powering 
the electronic devices. This technique extracts energy derived 
from ambient environment such as light, temperature gradient, 
vibration, radio frequency and converts into consumable 
electrical energy.[1, 2, 3]  

 
Vibration source is selected in this project because it 

widely exits everywhere around us and produce relatively high 
acceleration level which is useful for electrical power 
generation even from household appliance such as blender and 
stand fan, vehicles and machineries as reported in .[4, 5] 

 
There are three main transduction mechanisms employed 

to extract kinetic energy from vibration to electrical energy. 
These transduction mechanisms are piezoelectric, 
electromagnetic and electrostatic.[1, 4, 6] The focus of this 
project is using piezoelectric and electromagnetic micro-
generator to convert the ambient vibration into useful 
electrical energy. 

 

A. Piezoelectric 
 
The research of energy harvester using piezoelectric 

received the great attention for the past decade due to its 
relatively high voltage generation.[7, 8, 9, 10].Typically, 
power source for small electronic device require a dc voltage 

of 3.3V.[11, 12] which is not an issue for piezoelectric, but the 
current generated is small therefore is not sufficient to 
maintain the operation of electronic devices, therefore a buck 
converter is needed to increase the current output.[5] 

 
Generally, piezoelectric is used for converting mechanical 

energy derived from vibration, pressure or force into electrical 
energy.[1, 7] Piezoelectric material generates electrical 
charges when a proportional mechanical load is applied. In 
piezoelectric harvesting system as shown in Figure.1, 
piezoelectric extract energy from the vibration source usually 
from ambient environment and transform in to electrical 
energy and store in storage circuit, usually using the 
supercapacitor, which can be used for powering external load.  

 
Figure 1: Piezoelectric harvesting system 

 

B. Electromagnetic Micro-generator 
 

Electromagnetic based micro generator is popular due to 
its simplicity in construction without the need of high-end 
fabrication facility. The essential of this micro generator is just 
consists of permanent magnets and magnetic coil.[11, 
9].Electromagnetic micro-generators induce enable EMF on 
the coil from the movement of the permanent magnet based on 
Faraday’s law.[11, 13].  
 

The advantage of electromagnetic micro-generator is its 
relatively high current generation as a compensation of its 
output voltage[1, 9]. 
. 

C. Hybrid 
 

Hybrid energy harvesting  system combining piezoelectric  
and electromagnetic (EMT)  micro-generators is a  solution for 
both of the micro-generators as low power sources [8, 7, 15] 
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because the  micro-generators, when operate individually 
produce a limited electrical power which  may not be enough  
to meet the minimum requirement of powering small 
electronic devices.[16] 
 

In this research, the piezoelectric and electromagnetic are 
constructed in same housing but with two separated energy 
harvesting circuit entities to power up the same device in the 
systems as shown in Figure 2. The advantage of piezoelectric 
is able to generate relatively high voltage output which can 
compliment lower voltage output electromagnetic generator 
but with relative high current output. This is to optimize the 
performance of the energy harvesting system. 
 

The Figure.3 shows a block diagram of the hybrid 
harvesting system using PZT and EMT. They are coupled 
together to work as a different system that present as an 
efficient output power. 
 

 
 
 
 
 

 
 

 
 
 
 
 

 
 
 

Figure 2: Schematic diagram of hybrid piezoelectric and 
electromagnetic micro-generators 

 
 
 

 
 

 
Figure 3: Block diagram of DC-to-DC circuit of the hybrid 

micro-generator 
 
In order to obtain an efficient output power, it required 

both the high voltage and high current output. From P=VI , the 
voltage  and current  affect the power output. Since the current 
induced by EMT is relatively large at the range of a few mA 
but at low output voltage at the range of a few mV, therefore 
the power output is in the range of a few micro Watts. This is 
similar to power generated by piezoelectric generate relatively 

large  voltage at the range of a few Volt but at very low output 
current at a range of a few µA, therefore the output power is in 
the range of a micro Watts. A hybrid micro-generator 
generates total power as a summation of the power generated 
by individual micro-generator as in equation (1). 
 

 PT=PEMT+PPZT                                                      (1) 

II. DC-DC Converter 
 

A. Buck Converter 
 

Buck converter model which is known as a dc to dc step 
down converter is used to increase current output at the 
expense of the voltage output from the piezoelectric. 

 
The basic buck converter shown Figure.4 consists of 

inductor and capacitor to store current and to smoothen the 
output voltage, with a MOSFET or BJT. The diode in the 
circuit is to ensure that the flow of the inductor current is in 
one direction and to discharge the capacitor through the load 
when the circuit is in ―open‖ state. The voltage at the inductor 

equal to output voltage, VL=-Vo. 
 
When the switch is close, the diode becomes reverse 

biased and no current flow through. Positive voltage across the 
inductor is generated, VL=Vi-Vo. The current through the 
inductor increase and charging the capacitor. 

 

 
 

Figure 4: Buck converter in ―open‖ state 

 
Figure 5: Buck converter in ―close‖ state  

 

B. Boost Converter 
 

Since the output voltage from the electromagnetic micro-
generator is very small in the range of a few milivolt, therefore 
the boost converter is necessary to increase the voltage to a 
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useful level such as 3.3V or 5V, which is the minimum 
voltage requirement to power up small electronic device 

 
In a boost converter the output voltage is always higher 

than the input voltage. The boost converter circuit usually 
contains a diode and a semiconductor switch. The capacitor 
and inductor in the boost converter is used as energy storage 
element. To reduce the output voltage ripple, usually capacitor 
and inductor is added to the output circuit [17]. 

 
In close state as shown in Figure 6, current flows through 

the inductor and switch. Inductor current starts to increase 
linearly. Diode in this state is reversed biased and energy is 
store in the inductor. When in open state as shown in Figure 7, 
diode become forward biased. Inductor current flows through 
the diode, capacitor and resistor, thus results in low current 
output. 

 

 
 

Figure 6: Boost converter ―close‖ state. 
 

 
 

Figure 7: Boost converter ―open‖ state. 
 

III. Simulation and Experimental 
Results 

 
For piezoelectric application, MC34063A monolithic 

control IC is used for current limiting and output voltage 
adjustable. The functional block of MC34063A is shown in 
Figure 8 [18]. 

 
MC34063A consists of an internal temperature-

compensated reference, a comparator, an oscillator, a PWM 
controller with active current limiting, a driver and a high-
current input switch.MC34063A is containing all primary 
circuit therefore, is easy to use. 

 
Protues ISIS Profesional software is used to simulate the 

step down circuit using MC34063A. The circuit for buck 
converter circuit with MC34063A is presented in Figure 9. An 

oscillation AC input is used in this simulation circuit to 
represent either the piezoelectric or EMT generator. 

 

.  
 

Figure 8: Block diagram of MC34063A 
 
 

 
 

Figure 9: Circuit simulation of MC34063A 
 

In order to prove that MC34063A is effective as a 
switching power supply, the output voltage should be at the 
level as desire. The value of inductor, L1, capacitor, C1, C2 
and C3 and resistor R1, R2 and R3 need to be considered. Value 
of R2 and R3 was chosen to design the control circuit by using 
equation (2). 

 
                         Vout=Vref [(R3/R2)+1]                            (2) 
 
For the simulation Vref is chosen as 1.25V, where the Vout 

is the desired output voltage. The input capacitor C1 is fixed at 
100uF.  
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For the LC output filter, the inductor,L1 is fixed at  220µH 
and capacitor, C2=470pF.The voltage output level at desirable 
values 3.3 V is commensurate with 5 V  of input voltage, and 
5 V output voltage is commensurate with 10 V input voltage 
as shown in Figure 10.  
 

 
 

Figure 10: Output voltage Vs Input Voltage for experimental 
results using MC34063 A. 

 
 

Theoretically, the piezoelectric output voltage is capping 
near to 5V, by using the MC34063A.It can be fixed at 3.3V, 
for most of the electronic applications, with proper design of 
the parameter of the discrete components which can be used to 
power up small electronic devices.  

 

IV. Conclusion 
 

DC-to-DC converter circuit is crucial for energy harvesting 
application due to unpredictive level of voltage and current 
generated. From the simulation results in this paper, it shows 
that MC34063A IC is effective in regulating the voltage 
output to the desirable level 3.3 V. The properly design of 
energy harvester circuit is important to deliver reliable and 
efficient voltage supply to electronic system from energy 
harvested through both piezoelectric and electromagnetic.      

 

Acknowledgment  

 
The authors would like to thank Universiti Teknikal 

Malaysia Melaka for sponsoring this project through CoE 
short term research grant PJP/2012/CeTRI/Y00001. 

 

References 
[1] N. Carolina and J. M. Conrad, ―A Survey of Energy Harvesting 

Sources for Embedded Systems Sravanthi Chalasani Electrical and 
Computer Engineering Electrical and Computer Engineering 
University of North Carolina at Charlotte,2008. 

[2] B. P. D. Mitcheson, M. Ieee, E. M. Yeatman, S. M. Ieee, G. K. Rao, 
S. M. Ieee, A. S. Holmes, and T. C. Green, ―Human and Machine 
Motion for Wireless Electronic Devices,‖ vol. 96, no. 9, pp. 1457–

1486, 2008. 

[3] G. Park, T. Rosing, M. D. Todd, C. R. Farrar, and W. Hodgkiss, 
―Energy Harvesting for Structural Health Monitoring Sensor 
Networks,‖ Journal of Infrastructure Systems, vol. 14, no. 1, pp. 64–

79, Mar. 2008. 
[4] M. Fauzi, B. Ab, K. Swee, L. Mieee, and O. Power, ―Investigation 

of useful ambient vibration sources for the application of energy 
harvesting,‖ pp. 391–396, 2011. 

[5] A. Khaligh, S. Member, P. Zeng, S. Member, and C. Zheng, 
―Kinetic Energy Harvesting Using Piezoelectric and 

Electromagnetic Technologies — State of the Art,‖ vol. 57, no. 3, 

pp. 850–860, 2010. 
[6] S. P. Beeby, M. J. Tudor, and N. M. White, ―Energy harvesting 

vibration sources for microsystems applications,‖ Measurement 
Science and Technology, vol. 17, no. 12, pp. R175–R195, Dec. 
2006. 

[7] C. K. Wei, ―A Hybrid Energy Harvesting System for Small Battery 

Powered Applications,‖ no. October, pp. 165–170, 2011. 
[8] L. Beker and A. Muhtaroğlu, ―Hybrid Energy Harvesting From 

Keyboard,‖ pp. 6–9, 2011. 
[9] R. Dayal, L. Parsa, and T. Ny, ―Hybrid Start-up Strategy for Low 

Voltage Electromagnetic Energy Harvesting Systems,‖ pp. 675–680, 
2012. 

[10] B. Science, ―Generating Electricity using Piezoelectric Material,‖ 

no. March, pp. 47–51, 2009. 
[11] M. Rekha, ―An Electromagnetic Vibrational Energy Harvesting 

Using Boost and Buck- Boost Converter Department of Electrical 
and Electronics Department of Electrical and Electronics,‖ vol. 1, 

no. 7, pp. 1–9, 2012. 
[12] G. K. Ottman, H. F. Hofmann, a. C. Bhatt, and G. a. Lesieutre, 

―Adaptive piezoelectric energy harvesting circuit for wireless 

remote power supply,‖ IEEE Transactions on Power Electronics, 
vol. 17, no. 5, pp. 669–676, Sep. 2002. 

[13] S. P. Beeby, M. J. Tudor, and N. M. White, ―Energy harvesting 

vibration sources for microsystems applications,‖ Measurement 
Science and Technology, vol. 17, no. 12, pp. R175–R195, Dec. 
2006. 

[14] Y. Sang, X. Huang, H. Liu, and P. Jin, ―A Vibration-Based Hybrid 
Energy Harvester for Wireless Sensor Systems,‖ IEEE Transactions 
on Magnetics, vol. 48, no. 11, pp. 4495–4498, Nov. 2012. 

[15] T. Suzuki, K. Yoshikawa, and S. Momose, ―Integration of organic 
photovoltaic and thermoelectric hybrid module for energy 
harvesting applications,‖ 2010 International Electron Devices 
Meeting, pp. 31.6.1–31.6.4, Dec. 2010. 

[16] S. Fagerstrom, ―The DC-to DC Converter .pdf.‖ ECE Department 

California State University, Fresno, pp. 10–11,2008. 
[17] P. Boost and B. Inverting, ―MC33063A,‖ no. December 2004, 2011 

 

Proc. of the Second Intl. Conf. on  Advances in Electronic Devices and Circuits -- EDC 2013 
Copyright © Institute of Research Engineers and Doctors. All rights reserved. 

ISBN: 978-981-07-6261-2 doi:10.3850/ 978-981-07-6261-2_51 
 


