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HL 14.1 Mon 15:00 EW 202
Polymer/cathode interface barrier limiting the open circuit
voltage in polymer:fullerene organic bulk heterojunction so-
lar cells — eJaiRO CEsArR Norasco — Energy and Semiconductor
Research Laboratory, Department of Physics, Carl von Ossietzky Uni-
versity of Oldenburg, D-26111, Germany

Factors which limit the open circuit voltage Voc in polymer bulk het-
erojunction solar cells is still a topic of controversy. Fundamentally, the
Voc is determined by the balance of photogeneration and recombina-
tion, with recombination occurring either at the internal donor/aceptor
interface or at the contacts. In case of ohmic contacts the losses have
been mainly attributed to the donor/acceptor interface, whereas for
the case of non-ohmic contacts, the dominant losses have been dis-
cussed in terms of minority carrier surface recombination occurring at
the acceptor/cathode interface. In this contribution it is demonstrated
the existence of a majoritary free carrier recombination occurring at
the polymer/cathode barrier interface [1].

[1] J. C. Nolasco, G. Ramos-Ortiz, J.L. Maldonado, O. Barbosa-
Garcia, B. Ecker, E. Von Hauff, Appl. Phys. Lett., 104, 043308 (2014).

HL 14.2 Mon 15:15 EW 202
Accurate Characterization of Serial Tandem Organic Solar
Cells — oTonN1 MEYER, RoNNY TIMMRECK, CHRISTIAN KORNER,
KoEeN VanpeEwaL, and KARL LEo — Institut fiir Angewandte Photo-
physik, TU Dresden, Germany
A well known concept for further improvement of the efficiency of solar
cells are tandem solar cells. The most common representative of this
concept are the serial tandem solar cells (sTSC) where the subcells are
connected electrically in series. Due to Kirchhoff’s law this leads to
a current limitation of the whole device by the subcell generating less
current under a specific spectrum. For scientific comparison and prac-
tical application it is inevitable to determine the exact performance
of such a device under different illumination conditions. However, the
current limitation of a sTSC represents a major challenge for their
characterization.

The spectrometric characterization, developed by Meusel et. al, rep-
resents a precise method of determining the performance of sTSC for
any given illumination spectrum by using a multi-source sun simula-
tor. We apply this method to a state of the art vacuum deposited
sTSC with complementary absorbers and compare it to the minimal
requirements of the standard ASTM E2236-05 for characterizing mul-
tijunction photovoltaic devices. We show that in case of differing fill
factors of the subcells of the sTSC it is not sufficient to use only a sin-
gle source sun simulator, which does usually not yield correct results
for the solar cell efficiency in accordance with the standard reporting
conditions.

HL 14.3 Mon 15:30 EW 202
Investigation of semiconducting polymers with thermally
cleavable side chains for application in multilayer de-
vices II: Spectroscopy — SaBINA HILLEBRANDT!®, JANUSZ
ScHINKE?®, TorRBEN ADERMANN?, ERrRic MAaNKEL®® ROBERT
Lovrincic?®, MANUEL HAMBURGER®®, Tosias GrLaser!:®, WoL-
FRAM JAEGERMANN?, WoLrcaNne KowaLsky?®, and ANNEMARIE
Pucctt® — !Kirchhoff-Institut fiir Physik, Universitit heidelberg
— 2Institut fiir Hochfrequenztechnik, Technische Universitat Braun-
schweig — 3Organisch-Chemisches Institut, Universitiit Heidelberg —
4Institut fiir Materialwissenschaften, Technische Universitit Darm-
stadt — ®Innovationlab GmbH, Heidelberg

Conjugated polymers are a promising material class for solution pro-
cessed organic electronic devices. A major challenge in solution pro-
cessing of multi-layer devices is the limited number of options regard-
ing orthogonal solvents. Therefore solubility alteration of the func-
tional layers is crucial for facilitating device fabrication. In this talk
the removal of side-chains of novel naphthalene tetracarboxydiimide
based semiconducting polymers by thermal treatment is analyzed by
infrared transmission spectroscopy, photoelectron spectroscopy and
charge transport characteristics in organic field effect transistors. Side
chain residuals in the films are correlated to temperature and duration
of the thermal treatment. Solvent stability is tested by washing the
films after thermal treatment. Our findings show that although side
chains can be removed completely after washing the thermally treated

Location: EW 202

films, the charge transport strongly depends on the parameters used
for this treatment.

HL 14.4 Mon 15:45 EW 202
Understanding thickness dependent onset voltage shifts in
OLED IV-characteristics I: Internal electric field distri-
butions — eMaysriTT Koun'2, Eric MankerL!2, CurisTOF
PrLuMMm®, THOMAS MAYERD'2, and WOLFRAM JAEGERMANNI:2
ITechnische Universitit Darmstadt, Institute of Materials Science —

2InnovationLab GmbH, Heidelberg — 3Merck KGaA, Darmstadt

Steady-state IV measurements are used as important characterization
method for organic light-emitting diodes (OLEDs). Surprisingly, in
some OLED devices the current onset voltage increases significantly
depending on the emission layer (EML) thickness by approximately
2.7V /100nm. For experimental investigations of this phenomenon we
focus on a three layer device architecture, using two different isomers
synthesized by Merck as transport material in the EML - one showing
changes in onset voltage (EML-A) the other (EML-B) not. To inves-
tigate the onset voltage shift the mean electric fields in the respective
layers are determined in dependence of the current density. Therefore,
systematic layer thickness variations of the injection layers and both
EML materials were performed and the respective IV characteristics
were evaluated. In contrast to EML-B a large field enhancement in
EML-A can be identified induced by discontinuities of the electric field
at the EML-A contacts. Using a simple drift model both EML field
distributions and the discontinuities can be described quantitatively.
Furthermore they can be allocated to a lack of bulk charge carriers,
probably induced by an energetic interface barrier or trapped interface
charges. A further consideration of the topic will be done in part 2.

HL 14.5 Mon 16:00 EW 202
Understanding thickness dependant onset voltage shifts in
OLED IV-characteristics II: Equilibrium band alignments
and their impact on the steady-state situation — eERric
MankeLD2, MaysrirT Koun':2, Curistor Prrumm3, THOMAS
MaveErD2, and WoLFrAM JAEGERMANND2 — 1TU Darmstadt, Darm-
stadt — 2InnovationLab GmbH, Heidelberg — 3Merck KGaA, Darm-
stadt

Steady-state IV measurements are used as important characterization
method for organic light-emitting diodes (OLEDs). Surprisingly, in
some OLED devices the current onset voltage increases significantly
depending on the emission layer (EML) thickness by approximately
2,7V/100nm. In part 1 we used two isomers - one showing changes
in onset voltage (EML-A) the other (EML-B) not - and concluded
that enhanced internal electric fields explain this unexpected behav-
ior. Here in part 2 we present how interface band offsets (a), interface
dipoles (b) and space charge regions (c) influence the field distribution
under steady-state conditions. First we show the impact of a, b and
c on the electric and the electrochemical potential distribution as well
as the IV-characteristic of a two layer model device. Then we allocate
these results to the measured interface discontinuities of the electric
field shown in part 1. Finally we present the interface band diagrams
of the EML layers and the respective contact layers measured by XPS
layer-by-layer experiments. The values for a, b and ¢ were used to
model the IV-characteristics of both, EML-A and EML-B containing
devices. The described onset voltage shift can successfully be repro-
duced.

HL 14.6 Mon 16:15 EW 202
SWNT:Fullerene solar cells — e ALEXEY GAVRIK!, STEFAN VATH!,
ANDREAS SpeRLICH!, IMGE NaMmaL?, FLoriaN SpiTn?, ToBIAS
HerreL?, and ViabpmmiR Dyakonov!:? — lExperimental Physics
VI, Julius Maximilian University of Wiirzburg, 97074 Wiirzburg —
2Physical and Theoretical Chemistry II, Julius Maximilian University

of Wiirzburg, 97074 Wiirzburg — 3ZAE Bayern, 97074 Wiirzburg

Single-wall carbon nanotubes (SWNTs) are a promising material for
application in organic solar cells due to their attractive properties:
solution processability, broadband absorption, high charge carrier mo-
bility. Moreover, by selecting SWNTs of one chirality, it is possible to
choose the energy gap, which determines the light absorbtion spectrum
and therefore, solar cell performance.

In this study, solar cells were prepared using blends of (6,5)-SWNTs
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and the soluble fullerene PCgoBM. External quantum efficiency (EQE)
spectra show spikes at ca. 570, 870 and 1000 nm, which correlates
with absorbtion bands of SWNTs. This proves that charge carriers in
SWNTs contribute to the photocurrent. Moreover, SWNTs are show-
ing high performance of converting light into electricity: even at low
SWNTs:fullerene ratios (1:100) the current from SWNTs in the EQE
spectrum is comparable to the fullerenes’ contribution.

This study shows the potential for the application of (6,5)-SWNTs as
an active material in organic solar cells. While the device performance
is still limited by film thickness and overall device characteristics, we
were able to fabricate solar cells with reasonable efficiency.

HL 14.7 Mon 16:30 EW 202
Effective injection barriers of organic Schottky diodes —
oTHORSTEN ARNOLD and FRANK ORTMANN — Institute for Mate-

rials Science and Dresden Center for Computational Material Science,
TU Dresden, Germany

We describe electron transport through organic semiconductors con-
nected to two metallic electrodes. The microscopic approach is based
on a dynamic master-equation and Poisson equation describing the
space charge potential. Disorder is modeled by a Gaussian site en-
ergy distribution. The current-voltage characteristic depends on the
effective height of the injection barrier at the metal-semiconductor in-
terface, which can be influenced by several effects, and the bulk prop-
erties.

The model is applied to a Schottky diode with different work func-
tions of the electrodes. The influence of bulk and surface disorder on
the rectification of the diode are analyzed for various temperatures.
Furthermore, the influence of the space charge on the effective injec-
tion barrier height is investigated.



