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The limenau group has a longstanding expertise in optical, structural and electrical characterization of
organic semiconductors and photovoltaic devices made thereof. Predominant characterization
techniques employed in our group are:
- spectroscopic ellipsometry (SE) — determination of the optical properties such as the
dielectric function or the complex (anisotropic) refractive index™ ?
- photoinduced absorption respectively reflection (PIA) — determination of charge carrier
densities, lifetimes and mobilities® *
- photoluminescence spectroscopy (PL) — determination of characteristic emission spectra and
efficiency of photoluminescence quenching in photovoltaic blends®
- X-ray diffraction — determination of crystallinity of organic thin films in the grazing incidence
geometry® ’
Furthermore, as a member of IMN and user of the central clean-room facilities of our university, we
have access to atomic force microscopy, transmission and scanning electron microscopy. The TU-An-
Institute TITK Rudolstadt yields further technological expertise. In all of the above mentioned techni-
ques we have a deep experience in the application to organic semiconductors and blend films and
thus we gained a lot understanding in structure-property relationships such as correlations between
crystallinity and absorption coefficient®, influence of thermal treatments (annealing) on structural,
optical and electrical properties in polymer solar cells® * and ordering effects in thin polymeric films®.

A second large field of expertise lays in the preparation and characterization of polymer solar cells and
solar modules. Our characterization is done by standard current-voltage (IV) and highly-sensitive
External Quantum Efficiency (EQE) measurements. Here we could recently demonstrate competitive
power conversion efficiencies on solar cells with an active area of 0.5 cm2 by application of optical
modelling based optimization of polythiophene-fullerene blends'®. Furthermore we gained expertise in
up-scaling the solar cells active area by a factor of ten to more than 5 cm2 and monolithic integration
into solar cell modules showing very competitive efficiencies. In addition we are devoted to studying
new materials and material systems (for example fullerene derivatives in close cooperation with Dr.
Pavel Troshin, IPCP-RAS, Chernogolovka, Russia) investing and expanding our expertise in the fields
of morphology™ ** and structure-property relationships down to the molecular scale™.

[1] U. Zhokhavets, R. Goldhahn, G. Gobsch, M. Al-Ibrahim, H.-K. Roth, S. Sensful, E. Klemm and D. A. M. Egbe,
Anisotropic optical properties of conjugated polymer and polymer/fullerene films, Thin Solid Films 444, p. 215 — 220
(2003).

[2] M. Al-lbrahim, A. Konkin, H.-K. Roth, D. A. M. Egbe, E. Klemm, U. Zhokhavets, G. Gobsch and S. Sensfuss, PPE-

PPV copolymers: optical and electrochemical characterization, comparison with MDMO-PPV and application in
flexible polymer solar cells, Thin Solid Films 474, p. 201 (2005).

[3] C. Winder, C. Lungenschmied, G. Matt, N. S. Sariciftci, A. R. Nogueira, |. Mantanari, J. R. Durrant, C. Arndt, U.
Zhokhavets and G. Gobsch, Excited state spectroscopy in polymer photovoltaic devices under operation conditions,
Synth. Met. 139, p. 577 (2003).

[4] C. Arndt, U. Zhokhavets, M. Mohr, G. Gobsch, M. Al-lbrahim and S. Sensfuss, Determination of polaron lifetime and
mobility in a polymer/fullerene solar cell by means of photoinduced absorption, Synth. Met. 147, p. 257 (2004).

[5] U. Zhokhavets, T. Erb, H. Hoppe, G. Gobsch and N. S. Sariciftci, Effect of annealing of poly(3-
hexylthiophene)/fullerene bulk heterojunction composites on structural and optical properties, Thin Solid Films 496, p.
679 (2006).

[6] T. Erb, S. Raleva, U. Zhokhavets, G. Gobsch, B. Stihn, M. Spode and O. Ambacher, Structural and optical properties
of both pure poly(3-octylthiophene) (P30T) and P3OT/fullerene films, Thin Solid Films 450, p. 97 — 100 (2004).

[7] T. Erb, U. Zhokhavets, G. Gobsch, S. Raleva, B. Stiihn, P. Schilinsky, C. Waldauf and C. J. Brabec, Correlation

Between Structural and Optical Properties of Composite Polymer Films for Organic Solar Cells, Adv. Funct. Mater. 15,
p. 1193 (2005).

[8] U. Zhokhavets, T. Erb, G. Gobsch, M. Al-lbrahim and O. Ambacher, Relation between absorption and crystallinity of
poly(3-hexylthiophene)/fullerene films for plastic solar cells, Chem. Phys. Lett. 418, p. 343 (2006).

[9] U. Zhokhavets, G. Gobsch, H. Hoppe and N. S. Sariciftci, Anisotropic optical properties of thin poly(3-octylthiophene)-
films as a function of preparation conditions, Synth. Met. 143, p. 113 (2004).

[10] H. Hoppe, S. Shokhovets and G. Gobsch, Inverse relation between photocurrent and absorption layer thickness in
polymer solar cells, phys. stat. sol. (RLL) 1, p. R40 (2007).

[112] H. Hoppe and N. S. Sariciftci, Morphology of polymer/fullerene bulk heterojunction solar cells, J. Mater. Chem. 16, p.
45 (2006).

[12] L. H. Nguyen, H. Hoppe, T. Erb, S. Gines, G. Gobsch and N. S. Sariciftci, Effects of annealing on nanomorphology

and performance of poly(alkylthiophene)-fullerene bulk heterojunction solar cells, Adv. Funct. Mater. 17, p. 1071
(2007).






