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Mechanical energy harvesting devices based on nanostructures
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Scaling Prospects in Mechanical Energy Harvesting using Piezoelectric Nanostructures G. Ardila, R. Hinchet, M. Mouis, L. Montès IMEP-LAHC, Joint Research Unit, CNRS / Grenoble-INP / Université Joseph Fourier / Université de Savoie Grenoble-INP/Minatec, 3 parvis Louis Néel, Grenoble, France [email protected] Abstract — The combination of 3D processing technologies, low power circuits and new materials integration makes it conceivable to build autonomous integrated systems, which would harvest their energy from the environment. In this paper, we focus on mechanical energy harvesting and discuss its scaling prospects towards the use of piezoelectric nanostructures, able to be integrated in a CMOS environment. It is shown that direct scaling of present MEMS based methodologies would be beneficial for high-frequency applications only. For the range of applications which is presently foreseen, a different approach is needed, based on energy harvesting from direct real-time deformation instead of energy harvesting from vibration modes at or close to resonance. We discuss the prospects of such an approach based on simple scaling rules. Keywords- piezoelectricity; nanowire; mechanical energy harvesting; scaling rules



I.



INTRODUCTION



The improvement of the energetic autonomy of future nano and microsystems by energy harvesting energy from the environment is a topic of growing interest in the scientific and industrial community. Energy can be harvested from sources such as incident light, heat, radiofrequency, vibrations or mechanical impacts [1]. This strategy can lengthen battery autonomy in mobile applications, which are currently one of the largest markets in telecommunications. In other applications, such as sensor networks, energetic autonomy would provide a number of advantages: it would allow energy supply wiring to be suppressed while avoiding the additional maintenance costs due to the replacement or charging of batteries. For large sensor networks, wiring would anyway be impossible due to weight, cost and reliability issues. On the other hand, battery management can be very complicated when the sensors are not easily accessible. In this paper, we will focus on the harvesting of mechanical energy using piezoelectric materials. After having recalled the principle of energy harvesting using MEMS structures, we will discuss the consequences of device scaling down and show that a change of paradigm is necessary to harvest energy from nanostructures in the range of frequencies of interest for most present fields of applications. This has the additional advantages of extending the bandwidth, suppressing the need for high quality factors and allowing energy harvesting from random signals such as those arising from human activity.
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II.



ENERGY HARVESTING USING RESONANT MEMS



At microscale, the most widely used device architecture for mechanical energy harvesting consists in a seismic mass placed at the end of a piezoelectric beam. Beam deformation produces an electric potential difference which is converted into electrical energy. This system realizes a mechanical resonator, the design of which is optimized to increase energy transfer at a given resonance frequency. The aim is to increase the quality factor (Q) of the resonator, but at the expense of a narrower bandwidth [1]. The energy density reported for MEMS piezoelectric devices is typically in the range of 0.1 mW/cm3 to 40 mW/cm3 [1] at low frequency ( 
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