Piezoelectric Smart Sensors and Energy Systems
Abstract

Multi-functional materials that can convert one form of energy to another have drawn immense
attention owing to their outstanding conversion efficiency and compatibility with CMOS
semiconductor devices. Specifically, piezoelectric materials, which can be patterned in nano-thin-
film or nano-particle forms, are suited for sensors, and actuators applications as the material can
transduce mechanical energy into electrical signals or vice versa. Moreover, high-efficiency
piezoelectric thin films are used for signal processing, and sensing as recent advances in deposition
technologies have enabled low-loss and high frequency micro electromechanical systems (MEMS).
This talk will introduce piezoelectric MEMS resonant sensors that can detect various
environmental factors (i.e., fine dust, humidity, toxic chemicals) with extremely high sensitivity
and stability. In addition, the developed sensors exhibit outstanding response time and low power
budget, which are crucial for IoT applications. The talk will also cover the future outlook of MEMS
environmental sensors and how piezoelectric MEMS can compete with current technologies.

Piezoelectric material is also a promising candidate for building energy harvesting and self-
powered sensor systems. Harvesting or scavenging waste energy is in great demand as most
electronic, automobile, and manufacturing systems require a constant power supply. Piezoelectric
energy harvesters or so-called “nanogenerators” can be one of the solutions, as they can harvest
enough energy to power small electronics. In addition, such energy harvesters can detect
mechanical events without needing an external power source, enabling self-powered tactile sensors.
Here, I will introduce our recent outcomes in energy harvesting using piezoelectric materials and
their application in biomechanical sensing and robotics applications.
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