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Renewable-energy materials research

4+ Nanostructuring/-analysis and thin-film deposition

+ Thin film deposition, structuring and characterization of materials
for thermoelectrics, photovoltaics, supercapacitors

4+ Nanolithography

+ Colloid lithography, electron beam lithography
+ Positron annihilation

« Crystal defects, porosimetry, positron beam user facility EPOS
4+ High resolution materials characterization

FESEM, STEM, EDX, EELS, EFTEM, HRTEM, AFM, Raman
microscopy, spectral ellipsometry, cathodoluminescence/
EBIC microscopy, X-ray diffraction, XRR




Thin film deposition equipment

4+ PVD: thermal evaporation, electron beam evaporation, magnetron sputtering

4+ CVD: atomic layer deposition



Si layers for next generation photovoltaics
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Thermoelectric transport measurements

4+ In-plane measurements
Electrical conductivity according to van der Pauw
Seebeck coefficient with the 4-wire method
Hall-effect measurements
4+ Cross-plane measurements:
Determination of the electrical conductivity according to the transmission line
model (TLM)
Seebeck measurements with thin-film thermocouples

Harman method for the direct determination of ZT
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In-plane Seebeck stage

Tips for electrical conductivity Stage for in-plane Seebeck
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Thermal conductivity

+ 3w method

4+ Combined measurement of the Seebeck coefficient and the thermal
conductivity, Yang et al. APL 80, 10 (2002)

4+ Difference to the uncovered substrate
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Si—-Ge superlattices

+ Consisting of 100 % Si and an Si, _ Ge, alloy

4+ Layer thickness: £ 0.2 nm

4+ Number of layers: 10 — 50

[Geyer et al. 2009]



Si-Ge nanowires

4+ Control of diameter, length,
density

4+ in-situ and ex-situ doping

[Geyer et al. 2009]
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Defects in semiconductors and ceramics

TEM cross-section picture
of an STO-BTO multilayer

Fine structure of the titanium
and the oxygen edges

[Zhang et al. 2005]
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Electrical activity of grain boundaries
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4+ Investigated by SEM in conductive or
cathodoluminescence modes

4+ Grain boundaries show complex properties with
respect to the structure and the electrical properties

Carrier trapping, impurity segregation influence
transport properties

Band bending effects

Recombination centers

Arrangement for conductive mode

scanning electron microscopy
(electron-beam induced current — EBIC)
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Double Schottky barrier
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Energy diagram of a grain boundary
\ with acceptor levels, which become
© E negatively charged in n-type material.
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SEM of a BTO-based PTC thermistor.

(a) Secondary electron and (b)

conductive mode images.

10 ym [Seaton, Leach 2004]
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