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Abstract

Energy harvesting is identified as a promising alternative solution for powering
implantable biosensors. It can completely replace the batteries, which are
introducing many limitations, and it enables the development of self-powered
implantable biosensors. An interface circuit is necessary to correct for
differences in the voltage and power levels provided by an energy harvesting
device from one side, and required by biosensor circuits from another. This
thesis investigates the available energy harvesting sources within the human
body, selects the most suitable one and proposes the power management unit
(PMU), which serves as an interface between a harvester and biosensor circuits.
The PMU targets the efficient power transfer from the selected source to the
implantable biosensor circuits.

Based on the investigation of potential energy harvesting sources, a
thermoelectric energy harvester is selected. It can provide relatively high power
density of 100 μW/cm2 at very low temperature difference available in the
human body. Additionally, a thermoelectric energy harvester is miniature,
biocompatible, and it has an unlimited lifetime.

A power management system architecture for thermoelectric energy
harvesters is proposed. The input converter, which is the critical block of the
PMU, is implemented as a boost converter with an external inductor. A detailed
analysis of all potential losses within the boost converter is conducted to
estimate their influence on the conversion efficiency. The analysis showed that
the inevitable conduction and switching losses can be reduced by the proper
sizing of the converter’s switches and that the synchronization losses can be
almost completely eliminated by an efficient control circuit. Additionally,
usually neglected dead time losses are proved to have a significant impact in
implantable applications, in which they can reduce the efficiency with more
than 2%.

An ultra low power control circuit for the boost converter is proposed.
The control is utilizing zero-current switching (ZCS) and zero-voltage
switching (ZVS) techniques to eliminate the synchronization losses and
enhance the efficiency of the boost converter. The control circuit consumes an
average power of only 620 nW. The boost converter driven by the proposed
control achieves the peak efficiency higher than 80% and can operate with
harvested power below 5 μW. For high voltage conversion ratios, the proposed
boost converter/control combination demonstrates significant efficiency
improvement compared to state-of-the-art solutions.
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