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Building blocks for batteryless implantable bio-sensors 
and actuators that:
• can be recharged via ultrasonic transcutaneous 

energy transfer (UTET);
• include an ultrasonic communication system.

 integrates a power unit and an Internet of Medical 
Things (IoMT) mote [1].
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Phase 1
the nodes receive power 
from external charging 
units via UTET.

Phase 2
sensor nodes measure
biomarkers and transmit 
the readings to a central 
node over ultrasonic 
links.

Phase 3
central controller 
processes the 
measurements and 
performs an action, or 
demands it to an actuator.
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Mathematical Model

Prototype and Experimental Results

• System efficiency 𝜂𝑠𝑦𝑠 = 𝜂𝑙𝑖𝑛𝑘 × 𝜂𝑟𝑒𝑐𝑡

• Wireless link efficiency 𝜂𝑙𝑖𝑛𝑘 =
𝜂𝑒2𝑠×𝜂𝑠2𝑒

𝛼𝑡𝑖𝑠𝑠𝑢𝑒

• Rectifier efficiency 𝜂𝑟𝑒𝑐𝑡 =
𝑃𝐷𝐶

𝑃𝐴𝐶

• Tissue attenuation coefficient  𝛼𝑡𝑖𝑠𝑠𝑢𝑒

• Transduction efficiency:
electro-acoustic 𝜂𝑒2𝑠
acoustic-electric 𝜂𝑠2𝑒

System efficiency performance parameters

Charging efficiency 𝜂𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 =
𝐸𝑠𝑡𝑜𝑟𝑎𝑔𝑒

𝐸𝑇𝑥

Operating efficiency 𝜂𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 =
𝑡𝑜𝑛

𝑡𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔

• Storage energy 𝐸𝑠𝑡𝑜𝑟𝑎𝑔𝑒
• Transmitted energy for charging 𝐸𝑇𝑥
• Charging duration 𝑡𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔
• Node operation duration with 𝐸𝑠𝑡𝑜𝑟𝑎𝑔𝑒
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Traditional Implantable Medical Devices (IMDs):
• rely on wired connections that are

invasive and prone to infections;
• are powered by batteries that

occupy most of the device volume;
• in some cases use electromagnetic-

based solutions that perform poorly
in biological tissues.

Future IMDs will:
• implement new functionalities;
• require more energy (larger batteries).

Research objectives:
• leverage ultrasonic propagation to develop a 

batteryless and remotely rechargeable platform as a 
basis to build implantable devices equipped with 
wireless connectivity;

• implement a closed-loop distributed sensing and 
actuation system.
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