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An energy harvesting device driven by the contraction of an electrically-stimulated skeletal muscle that can be
used as an alternative to batteries for implantable medical devices (IMDs) has been developed.

In order to realize a durable generator, a contactless frequency up-conversion mechanism comprising drive and
driven parallel leaf springs with magnets was proposed. Based on the dynamics of the parallel leaf springs and
electromagnetic induction, the stiffness of the springs was optimized to maximize the power generated. The
power generated by a prototype in benchtop was 35.8 uW, which was sufficient to operate IMDs. However, the
net generated power in an ex vivo experiment using 3.5 g of a toad’s gastrocnemius muscle was 1.2 uW.

In order to improve the net generated power, a resonance generator utilizing incomplete tetanus of the skeletal
muscle was proposed. Pulse width and voltage amplitude of the stimulation signal, resonance frequency, mass of
the oscillator, and load resistance were designed to optimize the net generated power based on the dynamics of
the electrically-stimulated muscle contraction, 2 DOF vibration system, and electrostatic induction. The power
generated by a prototype in benchtop was 20.5 uW, and the average net power generated in an ex vivo
environment using the toad’s gastrocnemius muscles was 13.1 pW. This was sufficient to operate IMDs and the
viability of the proposed energy harvesting system using incomplete tetanus of the skeletal muscle was
demonstrated. In addition, the resonance generator was miniaturized to 1/20 by utilizing MEMS technique as
well as the electrets mounted on the generator was improved. As a result, the power generated by a prototype in
bench top was 20.9 uW and the power generated per volume was improved to 9.2 times compared to first
prototype.

Through this research, the design method of the generator utilizing the electrically-stimulated muscle
contraction was proposed, and the feasibility of the proposed energy harvesting system was proven.
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