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HL 29: Poster: Organic semiconductors and hybrid organic-inorganic heterostructures / Organic
photovoltaics

Time: Monday 17:00–20:00 Location: P2

HL 29.1 Mon 17:00 P2
Photoemission and photoluminescence spectroscopies of hy-
brid inorganic-organic heterostructures — •Mariel Grace
Dimamay1,2, Abebe Tarekegne3, Aina Quintilla3, David Talaga4,
Jules Oriou2, George Hadziioannou2, Thomas Mayer1, and Wol-
fram Jaegermann1 — 1Materials Science Institute, Technische Uni-
versität Darmstadt, Darmstadt, Germany — 2Laboratoire de Chimie
des Polymères Organiques, CNRS, Université Bordeaux 1, Pessac,
France — 3Light Technology Institute, Karlsruher Institut für Tech-
nologie, Karlsruhe, Germany — 4Institut des Sciences Moléculaires,
CNRS, Université Bordeaux 1, Talence, France

Organic emitters are in general brighter than their inorganic counter-
parts, but their low carrier mobility still poses limitations to device
efficiency. Several schemes are being developed to circumvent such
problem by utilizing inorganic phases for carrier injection and trans-
port. Through subsequent direct charge carrier transfer or Förster
energy transfer from the inorganic semiconductor to the organic emit-
ter, followed by a radiative recombination, photons could be emitted
efficiently. In this study, two hybrid inorganic-organic material sys-
tems, namely, ZnSe - Ir(4-tBupiq)2(acac) and nanocrystalline TiO2 -
squaraine-derived dye are investigated. Interface properties and energy
level lineups are obtained by measurements involving XPS and UPS on
evaporated Ir complex emitter molecules on ZnSe and on drop-casted
squaraine-derived dye on TiO2. Photoluminescence of composite films
are obtained to show a possible Förster transfer of exciton energy from
matrix to emitter dopants.

HL 29.2 Mon 17:00 P2
Electronic and structural properties of a novel Picene -
F4TCNQ based charge transfer material — •Torsten Hahn1

and Benjamin Mahns2 — 1Institute for Theoretical Physics, TU
Freiberg, D-09596 Freiberg — 2IFW Dresden, P.O. Box 270116, D-
01171 Dresden, Germany

Based on the resolved crystal structure the electronic structure, optical
excitations and transport properties of novel Picene-F4TCNQ mixed
crystals have been investigated using experimental as well as theoret-
ical techniques. The results are compared to those of the pure com-
pounds as well as to other charge transfer salts. The density functional
theory (DFT) based theoretical calculations together with electron en-
ergy loss spectroscopy (EELS) and transport measurement results re-
veal the details of the charge transfer process and resolve the electronic
structure close to the Fermi level.

HL 29.3 Mon 17:00 P2
Charge transfer and electrical conductance at the F16CoPc-
Rubrene interface — •Yulia Krupskaya1, Susi Lindner2, Ben-
jamin Mahns2, Martin Knupfer2, and Alberto Morpurgo1 —
1University of Geneva, CH-1211 Geneva, Switzerland — 2IFW Dres-
den, D-01171 Dresden, Germany

Here we present an electronic transport study of the F16CoPc-
Rubrene interface. Originally both materials Rubrene (5,6,11,12-
tetraphenyltetracene) and F16CoPc (cobalt(II) 1,2,3,4,8,9,10,11,15,16,
17,18,22,23,24,25-hexadecafluoro-29H,31H-phthalocyanine) are large-
gap undoped semiconductors and eventually insulators. The interfaces
were prepared by evaporating the F16CoPc film on top of the Rubrene
single crystal. Four-probe electronic transport measurements were per-
formed at applied voltages up to 40 V and temperatures between 30 K
and 300 K. The measurements reveal the resistivity per square of the
interface of approximately 300 kΩ at room temperature, which is in
general rather low in comparison to previously studied organic inter-
faces [1] and lowest after outstanding TTF-TCNQ interface [2]. The
obtained temperature dependence indicates slight metallic behavior of
the resistivity which decreases by 20 % while cooling from 300 K to
100 K. Below 100 K the resistivity increases reaching 370 kΩ at 30 K.
The observed electrical conductance originates from a rather big charge
transfer between the two materials that takes place at their interface.

[1] I. Gutiérrez Lezama et al. Nature Mat. 11, 588-794 (2012)
[2] H. Alves et al. Nature Mat. 7, 574-580 (2008)

HL 29.4 Mon 17:00 P2
Correlation between structural and electrical properties

of co-evaporated doped organic thin films — •Daniela
Donhauser1,2, Anne K. Kast1,2,3, Martin Pfannmöller3, Ras-
mus R. Schröder3, Markus Gölz2,4, Alexander Müller-
Brand2,4, Michael Kröger1,2, Robert Lovrincic1,2, and Wolf-
gang Kowalsky1,2 — 1Institut für Hochfrequenztechnik, Technis-
che Universität Braunschweig — 2InnovationLab GmbH, Heidelberg
— 3CellNetworks, Universität Heidelberg — 4Kirchhoff-Institut für
Physik, Universität Heidelberg

Nowadays, organic devices like OLEDs or OPV are often realized by
employing electrochemically doped transport layers to enhance de-
vice performance and stability. However, a comprehensive and de-
tailed understanding of the doping process in organic semiconduc-
tors is still missing. In this work the organic semiconductor CBP
(4’-Bis(N-carbazolyl) -1,1’-biphenyl) doped with the transition metal
oxide MoO3 was used as a model system and structural as well as
electrical measurements were conducted to gain a better understand-
ing of the fundamentals of electrochemical doping. Electron tomog-
raphy revealed that the dopant forms a filamentous structure with
nanofilaments preferentially orientated perpendicular to the substrate.
To investigate whether the structural anisotropy influences the elec-
trical properties, IV- and cryo-IV characteristics of device structures
with current flowing along and perpendicular to the substrate were
measured. Based on these results a model for charge transport in
CBP:MoO3 composites will be presented.

HL 29.5 Mon 17:00 P2
External Quantum Efficiency of novel PTCDA derivatives
— •Robin Döring, Nils Rosemann, Eduard Baal, Jörg Sunder-
meyer, and Sangam Chatterjee — Philipps-Universität Marburg,
Marburg, Germany

3,4,9,10 perylene tetracarboxylic dianhydride (PTCDA) is a well-
studied and widely commercially available dye and n-channel organic
semiconductor. A major disadvantage of PTCDA is its low solubility
in organic solvents. We studied the optical properties of novel PTCDA
derivatives featuring high solubility in organic solvents such as CH2Cl2
and C7H8. A “flourophore-spacer-receptor” configuration based pho-
toinduced electron transfer (PET) is assumed. If the PET between
the receptor (amine group) and fluorophore (perylene core) within the
molecule is suppressed, the PL intensity is expected to increase sig-
nificantly. Hence, protonation of the amine functional group should
disallow PET. This, in turn, makes applications like non-contact sens-
ing of pH possible. The experimental setup features an integrating
sphere which allows measurements of the absolute photoluminescence.
These measurements then yield the external quantum efficiency η of
the samples. In combination with time resolved photoluminescence
measurements this enables us to determine the true radiative (τr) and
non-radiative (τnr) decay times of the excited states. Our results con-
firm a strong dependency of the quantum efficiency on the fact whether
or not PET is enabled.

HL 29.6 Mon 17:00 P2
Vapour-phase absorption of aromatic molecules — •Niklas
Kraus, Sangam Chatterjee, and Andre Rinn — Philipps Univer-
sität, Marburg, Deutschland

Organic semiconductors are promising materials for future electronic
applications. To understand the complex optical properties of or-
ganic molecular crystals, one needs to obtain the single molecular re-
sponse first. Hence, we investigated the optical properties of different
molecules in solution and in the vapour phase. Therefore, we construct
an evaporation cell where the optical transmission through a 5cm long
gas volume is measured in the 1-6eV energy range. Using this appara-
tus, we analyzed the vapour-phase absorption and photoluminescence
of the aromatic molecules perylene. pentacene, and perfluropentacene
at temperatures up to 590K.

HL 29.7 Mon 17:00 P2
Time-resolved spectroscopy of interfacial states in P3HT-
PCBM blends — •Marina Gerhard1, Andreas Arndt2, Aina
Quintilla2, Ulrich Lemmer2, and Martin Koch1 — 1Faculty of
Physics and Material Sciences Center, Philipps-Universität Marburg,
Renthof 5, D-35032 Marburg, Germany — 2Light Technology Insti-
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tute, Universität Karlsruhe, Kaiserstrasse 12, D-76131 Karlsruhe, Ger-
many

We have studied the time-resolved photoluminescence (PL) of or-
ganic donor-acceptor bulk heterojunctions based on the polymer
poly(3-hexylthiophene) (P3HT) blended with varying concentrations
of the fullerene derivative [6,6]-phenyl-C61 butyric acid methyl ester
(PCBM). Those blends represent a well-known material for potential
solar cell applications. By comparing the emission of the blends to that
obtained for neat polymer and fullerene films, most of the contributions
could be allocated to radiative recombination inside the polymer do-
mains. In addition, we identified a weak but slower decaying signature
in the IR-regime that was only present in the blends. We thus at-
tributed this feature to carriers recombining at the interfaces between
donor and acceptor. Currently, the role of such interfacial ”charge
transfer” states in the process of free carrier generation is intensely
being discussed. We discovered that the dynamics of the interfacial
state was almost independent of temperature and excitation density.
These findings indicate that the electrons and holes which cause the
interfacial PL-emission are trapped inside isolated states where further
diffusion is unlikely.

HL 29.8 Mon 17:00 P2
Effect of the donor-acceptor morphology on the recombina-
tion behavior in polymer-fullerene bulk heterojunction solar
cells — •Sebastian Wilken, Michael Koopmeiners, Jürgen Parisi,
and Holger Borchert — University of Oldenburg, Department of
Physics, Energy and Semiconductor Research Laboratory, Carl-von-
Ossietzky-Str. 9-11, 26129 Oldenburg, Germany

In this study, we discuss the impact of the donor-acceptor morphol-
ogy on the recombination behavior in polymer-fullerene bulk het-
erojunction solar cells based on poly(3-hexylthiophene) (P3HT) and
[6,6]-phenyl-C61-butyric acid methyl ester (PCBM). Different amounts
of nanoscale phase separation have been obtained by using 1,2-
dichlorobenzene and chlorobenzene as spin-casting solvents, respec-
tively, as is visualized by atomic force microscopy (AFM) and trans-
mission electron microscopy (TEM). Both the current-voltage char-
acteristics and the white-light bias external quantum efficiency with
respect to varying illumination intensities suggest that the dominant
recombination mechanism, i.e., monomolecular and bimolecular recom-
bination, is strongly correlated with the respective nanomorphology of
the P3HT:PCBM blend. To further evaluate the influence of charge
carrier trapping, transient photocurrent measurements have been per-
formed and analyzed in terms of emssion time constants τe,i, assuming
that each τe,i is characteristic for one distinct trap level i. In addition,
the temperature dependence of τe,i was investigated to gain informa-
tion about the thermal activation energy ∆Ei of the corresponding
emission process.

HL 29.9 Mon 17:00 P2
Measurement of the harvesting factor under realistic condi-
tions for organic solar cells — •Trinath Reddy Pinnapa, Ben-
jamin Oesen, Johannes Widmer, Rico Meerheim, Christian Ko-
erner, and Karl Leo — Institut für Angewandte Photophysik, Tech-
nische Universität Dresden, 01062 Dresden, Germany

The efficiency of organic solar cells is usually measured under stan-
dard reporting conditions (SRC). The efficiency measurements car-
ried out under SRC disregard the influence of varying parameters such
as temperature, illumination intensity of sun, angle of incidence, and
spectrum of the sunlight, although these varying parameters are very
important for the overall energy harvesting. Thus, measurement con-

ditions which are on par with real time data should be used to obtain
precise efficiency values. To measure the harvesting factor, the real-
istic efficiency of cells for a period of one year, the accumulated solar
irradiation energy and the efficiency at SRC are to be compared. This
study is aimed at measuring the harvesting factor by investigating the
performance of a pin structured organic solar cell under realistic con-
ditions, then, the harvesting factor of organics are compared with an
equivalent silicon cell. To understand the performance of organic solar
cells, efficiency measurements of DCV5T-Me and F4-ZnPc donor cells
with respect to changing illumination intensity and temperature are
performed and then their respective harvesting factors are estimated.

HL 29.10 Mon 17:00 P2
Charge Carrier Mobility of a Quinquethiophene Derivative
Deposited on Heated Substrates — •Julia Oelker, Johannes
Widmer, Christian Koerner, and Karl Leo — Institut für Ange-
wandte Photophysik, Technische Universität Dresden, 01062 Dresden

The absorber material DCV5T-Me has been successfully used in small
molecule organic solar cells. Fundamental properties of this material
are of special interest to learn more about the mechanisms that lead
to highly efficient solar cells. For organic solar cells with DCV5T-Me
and C60 as donor-acceptor blend layer, the power conversion efficiency
is strongly dependent on the substrate temperature during the depo-
sition of the absorber layer. This parameter is known to change the
morphology and the degree of disorder in the blend layer which affects
the transport properties.

In this contribution, the carrier mobility as one of the key param-
eters to achieve highly efficient solar cells is investigated. Electric
potential mapping by thickness variation (POEM) is applied to pip-
hole-only-devices with DCV5T-Me:C60 as intrinsic layer to measure
the hole mobility in the blend. The substrate temperature during the
deposition of the intrinsic layer is varied to get particular insight into
the influence of substrate heating.

HL 29.11 Mon 17:00 P2
White top-emitting OLEDs with nanoparticle scattering lay-
ers — •Tim Schaefer1, Tobias Schwab1, Simone Hofmann1, Karl
Leo1, and Malte C. Gather1,2 — 1Institut für Angewandte Photo-
physik, Technische Universität Dresden, George-Bähr-Straße 1, 01069
Dresden, Germany — 2School of Physics & Astronomy, University of
St Andrews, North Haugh, St Andrews, KY16 9SS, Scotland, UK

We present white top-emitting organic light-emitting diodes (OLEDs)
with a random nanoparticle scattering layer as outcoupling structure
on top of the OLED stack. The nanocomposite scattering layer consists
of titanium dioxide particles embedded into a transparent photoresist
matrix. The scattering layer can be deposited directly on top of the
small molecule OLED stack by solution-based dip- or spin-coating,
without affecting the electrical performance of the device. The opti-
cal properties of the scattering layer are widely tunable by adjusting
particle size and concentration. In first proof-of-principle experiments,
the spectral radiant intensity for the blue spectral range of a white
top-emitting OLED is nearly doubled and the overall external quan-
tum efficiency at 1000 cd/m2 is increased by 18% in comparison to a
reference device with standard organic capping layer for outcoupling.
Furthermore, light scattering by the randomly distributed nanopar-
ticles strongly improves the color stability with viewing angle. The
proposed process is cost-efficient, scalable and compatible with differ-
ent types of substrates and OLED architecture. It is expected that it
can be readily adopted for large area OLEDs and is thus promising for
lighting applications.


