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ABSTRACT 

Ultrasound devices have been increasingly utilized for the diagnosis and treatment of diseases such as 
cardiovascular disease (CVD), cancer, and conditions relevant to rehabilitation medicine. In this talk, the design, 
fabrication, and experimental validation of micro- and nanotechnology-enabled piezoelectric transducers for 
ultrasound sensing, imaging, and therapy are presented. 

High-frequency micromachined piezoelectric 1–3 composite transducers were investigated for advanced 
intravascular ultrasound (IVUS) imaging. In addition, small-aperture, forward-looking multilayer piezoelectric 
transducers and vortex ultrasound transducers were demonstrated for effective microbubble- and nanodroplet-
mediated intravenous sonothrombolysis. Furthermore, miniaturized piezoelectric transducers were developed for 
catheter and needle based sonoporation, resulting in significantly enhanced localized drug delivery. 

More recently, flexible piezoelectric transducers were developed for wearable ultrasound monitoring of blood 
pressure and muscle activity in assistive robotic applications. A wearable ultrasound sensing framework integrated 
with machine learning (ML) was demonstrated for muscle-specific tremor monitoring, in which both tremor 
frequency and displacement were extracted in real time, supporting promising future deployment in adaptive 
neuromodulation systems. 

Collectively, these results indicate that novel piezoelectric transducer technologies can play a significant role 
in advancing ultrasound imaging, therapy, and drug delivery for next-generation robotic and intelligent medicine. 
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