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Project "Super-Kon": Novel capacitors for energy storage
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SCOPE

development of novel effective storage modules for
sustainable energies on the basis of capacitors
with high energy densities
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aims: - high energy densities
- fast charging/discharging cycles
- robust, no aging, high efficiency
- very high lifetimes . v 7
- higher charging voltages (> 10 V) i oo
- high thermal stability ( T, > 60 °C ) L <
- ecologically harmless
- cheap
- low maintenance costs
- overcoming the disadvantages of batteries
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parameters:

- high energy densities

- high permittivity

- high breakdown field strength
- thin films, large areas

energy density [Wh/I]

applications: short term: energy harvesting
long term: wind energy

comparison of different energy carriers

MATERIALS AND METHODS

new concept: novel thin-film capacitors with 0-3 composite dielectrics

m nanoparticles of perovskites (metal oxides) with specific surfactants
embedded in organic or inorganic matrix

m combine the electrical advantages of ceramics, i.e. high permittivities, and
matrix (glasses/polymers), i.e. breakdown field strengths

m processing of large dielectric layers, electrical contacting

nanoparticles of ceramic = specific = embedding into = processing into thin films
materials, such as BaTiO, surfactants matrix material electrical contacting
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comparison of different storage media
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plate capacitor principle
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PERFORMANCE
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comparison of energy densities
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example of metal oxide: barium titanate

metal

ferroelectric material with high permittivity (> 2000),
at T <120 °C: tetragonally distorted modification

_ of the perovskite structure
metal oxide

nanoparticle
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CHARACTERIZATION

material / phase composition
x-ray diffraction

morphology
scanning electron microscopy

tetragonal barium titanate
at room temperature
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RESULTS

- strong influence of material composition, synthesis method, additives, coating material, coating method,
and sintering method on dielectric properties, conductivity, breakdown field strength, and film quality

- specific surfactants force uniform distribution of the oxide particles inside of the matrix material, preventing
percolation and increasing the breakdown field strength

- optimization of both, permittivity and electrical breakdown field strength, as well as minimization
of conductivity are necessary

- upscaling to larger layer areas and assembly of a demonstrator planned
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dielectric/electric properties
dielectric spectroscopy

test structure

different barium titanate
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chemistry:

material synthesis / film deposition
AG Condensed matter chemistry

- synthesis: different oxides,
coatings, matrices, methods
- film preparation:

Prof. S. Ebbinghaus sintering, spin-coating

> contacting
AG Material sciences

PD H. Leipner

- electrode preparation
- film characterization, ESEM, EBIC

optimization

physics:

- electric / dielectric
- theory / simulation via FEM

Charakterisierung
AG Physics of ferroic materials

Prof. H. Beige
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