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Pyroelectric materials can generate electrical energy from temperature changes. Since ceramic samples can provide high voltages at low
currents, suitable power electronics are required for efficient energy harvesting. This thesis or research project investigates switched-
capacitor circuits up to 1 kV through theory, optimization, simulation, and experimental evaluation of low-power electronics.

Objective

The objective is to design and evaluate switched-capacitor electronics for pyroelectric energy harvesting at low power levels, currents below 10 mA, and
voltages up to 1 kV. The work includes modeling the pyroelectric capacitance with its temperature and voltage dependence, optimizing suitable circuits by
simulation, and building a simple test setup to quantify harvested energy, power, and efficiency.

Possible research questions

* Which switched-capacitor circuit is suitable for pyroelectric energy
harvesting at low currents and voltages up to 1 kV?

* How do the temperature and voltage dependence of the pyroelectric
capacitance affect harvested energy and efficiency?

« How well do theoretical calculations, simulations, and measurements
on the test setup agree?

Expected outcome

The expected outcome is a traceable model of the pyroelectric source, an
optimized circuit concept, a simulation model, and built and characterized
switched-capacitor electronics for the experimental assessment of the
harvesting potential.

Prior knowledge

Required
¢ Fundamentals of electrical engineering and circuit theory
¢ Confident handling of technical calculations
¢ Basic understanding of electrical energy conversion
Helpful, but not required
« Basics of power electronics
« Experience with electrical circuit simulation

¢ Interest in high-voltage technology and thermal-to-electrical energy
converters

What you will learn

¢ You will learn how to model and design capacitive high-voltage
sources and switched-capacitor circuits.

¢ You will connect theory, simulation, and experimental characterization
in an energy harvesting system.

* You will gain experience with safe low-power operation at high
voltage.

* You will evaluate harvested energy, power, and efficiency reproducibly
based on measurement data.

Supervision & application

Approach & tasks

1. Structure the state of the art on pyroelectric energy harvesting and
switched-capacitor circuits.

2. Model pyroelectric capacitances with temperature and voltage
dependence and calculate key energy flows.

3. Dimension, optimize, and compare switched-capacitor circuits up to 1
kV by simulation.

4. Design, build, and characterize low-power electronics for high-voltage
operation.

5. Set up a simple test bench with alternating hot and warm air flows and
quantify energy, power, and efficiency.

Suitable for

Electrical Engineering and Information Technology - Electrical Engineering

" Energy Engineering, Sustainable Electrical Power Supply, Renewable
Energy Engineering

* Subject to academic fit and examination regulations.
Adaptable: Technical, Empirical, Practice-oriented

Methods & tools

e PLECS oder SPICE
e MATLAB oder Python
e Oszilloskop und Leistungsmessgerat

Literature & references

o ieeexplore.ieee.org/document/10238461
e www.nature.com/articles/s41586-022-05069-2

Relevance

Pyroelectric energy harvesting can help convert previously unused
temperature changes into electrical energy. Efficient switched-capacitor
electronics are important for controlled transfer of small amounts of
energy at high voltages and for enabling self-powered sensor systems or
compact energy converters.

The technical focus can be adjusted depending on your interests and prior knowledge, with more emphasis on theory and optimization, simulation,
hardware design, or experimental characterization. Support is provided especially for modeling, high-voltage dimensioning, test-bench concept, and

evaluation of measurement results.

Additional notes: Please indicate whether you are particularly interested in modeling, circuit design, simulation, or experimental work.

Interested? Please apply with complete documents: a current transcript of records, ideally a CV, and brief information on relevant interests and prior
knowledge, preferred focus, possible start date, and courses or other activities planned alongside the project.
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