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Abstract 
 

Piezobionics is an art of developing novel medical devices using piezoelectric sensors and actuators. A 

good example is development of miniaturized piezoelectric acoustic actuators and sensors to be 

inserted in human cochlea to enhance performance of existing cochlear implants. Through our 

development, we recognize that actuators and sensors developed under existing design principles may 

not be efficient or sensitive enough to restore physiological functionalities of human ears, which have 

evolved for millions of years. One way to remedy this situation is to adopt a new design philosophy 

that mimics what natural selection has done for biological systems for years. As an example, human 

hearing is achieved through motion of hair cells in human cochlea responding to an incoming sound 

(pressure) wave. The large number of hair cells significantly increases drag forces acting on the basilar 

membrane and thus the sensitivity of hearing. Therefore, one possible way to design an intra-cochlear 

microphone is to mimic human hair cells in the form of cilia structures to significantly increase the 

sensitivity of the microphone. Similarly, the same cilia structure can be used as an actuator, and the 

large number of cilia will enhance the efficiency of the actuator. A possible design consists of a thin 

substrate, arrays of nanorods, and a thin sensory/actuator film. The nanorods have a high aspect ratio 

(e.g., above 100:1) to enhance sensitivity and efficiency. For sensor applications, the design can adopt 

a flexible substrate (e.g., PMMA), polymeric nanorods, and a PVDF piezoelectric sensory film. For 

actuator applications, the design can adopt a stiff substrate (e.g., silicon), silica nanorods, and a PZT 

piezoelectric actuation film. 
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