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[email protected] Abstract – The present paper introduces tasks, challenges and solutions for the power management in power supplies employing energy harvesting technologies. Matching the energy transducers with the electronic circuit is discussed as well as the regulation of their output voltages. Furthermore control methods to decrease the power consumption of the application circuits are presented. Considerations to use energy storage elements are introduced. At last visions of combining several energy transducers to achieve universal power supplies, independent of the application, are outlined. A sensor module with thermo-electrical power supply, which works with human body heat, is demonstrated. It shows the practical implementation of the presented circuit and system techniques.



There are several duties the power management is responsible for in energy harvesting power supplies. The first task is matching the energy transducers voltage level with those of the electronic circuit or system to supply. The next function is the regulation of the supply voltage, to generate a constant voltage independent of source or load variations. Furthermore the power consumption of the application devices has to be minimized by the power management. So a maximum of functionality, performance and operation time is achieved with the minimum of energy provided by the energy harvesting module. Another task for the power management is the management of the energy and the required storage units like capacitors or rechargeable batteries.



Index Terms – dc-dc-converter, energy harvesting, power management, power supply;
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The paper presents solutions and practical realization examples with measurement results for each of these tasks. Finally first approaches combining different energy transducers are reported. These combinations are designed to allow energy-autarkic operation independent of the environment or the application field. Strengths and weaknesses of the different energy harvesters have to be balanced with such approaches.



INTRODUCTION



The power consumption of electronic circuits and systems is decreasing more and more. On the other hand, the efficiency of energy transducers like thermogenerators (TEG), piezoelectric modules or solar cells is being further optimized. Thus the energy from the environment like heat, light or motion can be used to supply electronic devices. Typical application devices are sensors, wireless transceivers or displays. Every ambient energy source has its own challenge, which the user has to cope with (Table 1). Energy Source Light



Challenge



Vibrations



Variability of vibration



Thermal



Small thermal gradients



Conform to small surface area
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VOLTAGE LEVELS



The threshold voltages of semiconductor technologies are scaled down more and more due to technology development. Nevertheless there is a gap between the output of the energy transducers and the minimum required input voltage of state-of-the-art voltage converters like dc-dc boost regulators. The output voltages of thermo-generators (TEG) are proportional to the applied temperature gradient and are situated in the range of 50 mV per Kelvin, depending on the number of thermocouples deployed. Common versions of solar cells or fuel cells provide voltages of about 0.5 V. To use minimum amounts of energy in terms of small temperature gradients or little illumination, low-voltage semiconductor ICs have to be developed. In applications with limited board space, only a small number of units like thermocouples can be mounted. Due to the number of units connected in series determine the output voltage, you have to cope with low output voltage as well. Typical circuit techniques for boosting voltages are switched capacitor (SC) circuits, like charge pumps and inductorbased converters.



Estimated Power in 1 cm3 or 1 cm2 10 µW – 15 mW (Outdoors: 0.15 – 15 mW) (Indoors: 
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