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HL 16: Organic Semiconductors

Time: Tuesday 9:30-12:00

HL 16.1 Tue 9:30 H14
Modeling charge transport in organic semiconductors: why
and when the conventional Miller-Abrahams rate is inap-
propriate — eMAGDALENA DORFLER, HEINZ BASSLER, ANDREY
KapasucHuk, HARALD OBERHOFER, and ANNA KOHLER — Univer-
sitdt Bayreuth, 95447 Bayreuth

A widely applied expression to model charge transport in organic semi-
conductors is the Miller-Abrahams rate, which describes the probabil-
ity for charge transfer from one site, e.g. a molecule, to a neighbor-
ing site. However, the expression that is conventionally referred to as
Miller-Abrahams rate is an approximation of a more general term. This
approximation is only valid when energy differences between neighbor-
ing sites are large compared to the thermal energy. Here, we show the
differences that result when charge transport is modelled by kinetic
Monte Carlo simulations (KMC) using either of the two expressions.
The widely used, approximate, rate can lead to serious errors in the
magnitude and, more importantly, in the trends obtained for the tem-
perature and field dependence of charge transport. The implications
for modelling work and the interpretation of experimental data are
discussed.

HL 16.2 Tue 9:45 H14
Accurate ab-initio parametrization of electron-phonon cou-
pling models with Gaussian and plane-wave basis sets —
eKoNrRAD MERKEL!, MAXIMILIAN DORFNER!, MANUEL ENGEL2, and
Frank OrRTMANN! — 1TUM School of Natural Sciences, TU Munich,
Germany — 2VASP Software GmbH, Vienna, Austria

For the simultaneous treatment of electronic and vibrational degrees of
freedom, the Holstein-Peierls model has become a cornerstone in vari-
ous scientific communities due to its versatility and remarkable success
in the accurate description of materials. To use it, one needs to cal-
culate all model parameters for the electronic structure, phonons and
electron-phonon coupling constants. In particular, the calculation of
the electron-phonon coupling constants is a challenge as they involve
both degrees of freedom. Although various approaches exist, compre-
hensive benchmarks comparing different methods and basis sets are
still rare. In our study, we investigate two different methods to cal-
culate the electron-phonon couplings. The first approach was devel-
oped by Engel et al. [1] and is based on the projector-argumented-
wave formulation and maximally localized Wannier functions and is
implemented in the VASP code. The second approach is based on a
real-space description in terms of Gaussian basis functions and is im-
plemented using cp2k. Both approaches use a finite-displacement and
finite-difference scheme to calculate the coupling constants. We com-
pare both methods using different molecules and discuss critical points
for accurate calculations.
[1] Physical Review B 106, 094316 (2022)

HL 16.3 Tue 10:00 H14
Excitons in organic donor-acceptor cocrystals — eSEBASTIAN
AnNnAUSER!, ANA MARIA VaLENcIAZ, CATERINA Coccni?, and GRE-
cor WirTe! — !Philipps-Universitit Marburg, FB Physik — 2Carl
von Ossietzky Universitdt Oldenburg, Institut fiir Physik

Organic donor-acceptor heterostructures have gained significant atten-
tion due to their unique properties, such as low-bandgap semiconduc-
tivity and ambipolar transport, making them promising candidates
for optoelectronic applications like organic photovoltaics. There, the
formation of charge-transfer excitons is typically regarded as the pre-
cursor state for charge separation. However, the microscopic nature
of these excitons is not yet well understood. In the presented study,
we perform detailed polarization-resolved optical spectroscopy on high
quality acene-perfluoroacene donor-acceptor single crystals in the opti-
cal and UV range. This approach allows us to investigate both the ex-
citation energies and the transition dipole moments of various (charge-
transfer-)excitons. Using complementary state-of-the-art first princi-
ples calculations based on density functional and many-body pertuba-
tion theory, we analyse the nature of different classes of excitons within
the cocrystalline structure. Our findings provide a refined understand-
ing of charge-transfer excitons in organic materials, paving the way for
improved design strategies in organic optoelectronics.

HL 16.4 Tue 10:15 H14

Location: H14

Detecting charge patterns on a novel type of rubrene crystals
by time-of-flight photoemission electron microscopy — eMoHna
Naemi'-2, INco Barke!2, and Sywvia SpeLLERD'2 — 1University of
Rostock, Institute of physics, Rostock, Germany — 2University of Ro-
stock, Department of life, light and matter, Rostock, Germany

Organic molecules are increasingly drawing attention due to their
broad applications, not only in organic field effect transistors and or-
ganic light emitting diodes [1], but also with respect to the exciton
dynamics and charge transfer [2]. To this end, single crystalline do-
mains with compact and stable molecular packing are beneficial. In
this work, we focus on charge patterns and its dynamics for a recently
discovered type of rubrene single crystals consisting of two distinct
types of domains [3]. We show that both domains exhibit different
charging properties, and that one of them can be controlled by photon
exposure. This charge pattern can be *reset* by a second light source
with lower photon energy, essentially neutralizing the charged sections.
We tentatively attribute the behavior to the selective photo-injection
of mobile excitons, resulting in spatially dependent conductivities.

[1] Wei-Cheng Su et al., Influence of Singlet and Charge-Transfer
Excitons on the Open-Circuit Voltage of Rubrene/Fullerene Organic
Photovoltaic Device ACS Appl. Mater. Interfaces, 8, 28757-28762
(2016) [2] Drew M. Finton et al., Routes to singlet exciton fission in
rubrene crystals and amorphous films AIP Advances 9, 095027 (2019)
[3] Moha Naeimi et al., Characteristics of zone-sectored tabular or-
thorhombic rubrene microcrystals in preparation.

HL 16.5 Tue 10:30 H14
Toward High Efficiency and Stable Blue OLEDs/Organic
Light-Emitting Diodes with Lanthanide-Based Complexes:
Host Material Impact — eMAaHMOUD SOLEIMANIY'2, PAULIUS
IMBRASAS?, SEBASTIAN SCHELLHAMMER!, CARSTEN RoTHEZ, and SE-
BASTIAN REINEKE! — lInstitute for Applied Physics (IAP), Technis-
che Universitit Dresden, Germany — 2beeOLED GmbH, Dresden,
Germany

Lanthanides offer a new approach for achieving blue emission in or-
ganic light-emitting diodes (OLEDs). Cerium (III) and Europium
(II) complexes emit in the blue range via the 5d-4f transition, po-
tentially enhancing the stability and efficiency of OLEDs, outperform-
ing current emitters. However, precise ligand design around the lan-
thanide is required for a stable, blue-emissive complex. With the
right ligands, emitters with near-unity photoluminescence quantum
yield in solution have been demonstrated. In the transition to OLED-
compatible thin-films, we found that the host material plays a key role
in maintaining this luminescence efficiency and that it can also impair
emission through quenching mechanisms caused by unfavorable energy
level alignment and coordination of the metal-organic complex by the
host. This study investigates the photoluminescence of Cerium (III)
tris(pyrazolyl)borate complex blended with four common OLED emis-
sion layer hosts. These insights guide the development of efficient blue
OLEDs with lanthanide complexes.

HL 16.6 Tue 10:45 HI14
Modifying the density of states in dipolar organic semi-
conductors — eANDREI STANKEVICH!, PRAKHAR SaHAY?, HEINZ
BissLer!, WorLrcang BRrUTTING3, FaBiAN ELLER?, Eva M.
HEerz1c2, ANDREY KaDAsHCHUK!, and ANNA KOHLER! — 1Soft Mat-
ter Optoelectronics, University of Bayreuth — 2Dynamics and Struc-
ture Formation, University of Bayreuth — 3Institute of Physics, Uni-
versity of Augsburg,

Charge transport properties of amorphous organic semiconductors are
controlled by energetic disorder. Certain device properties, such as
the energies of charge transfer states in organic light-emitting diodes,
can be improved by using dipolar molecules as host. Such molecules,
however, also introduce interactions between charge carriers and ran-
domly aligned dipoles. A key consequence of this is that increases
the energetic disorder, hence causing a broad distribution of localized
states, which hinders charge transport. We combined thermally stim-
ulated luminescence studies with grazing incidence wide angle X-ray
scattering, to demonstrate how the density of states in dipolar materi-
als can be tailored. We demonstrate that the DOS is highly sensitive
to the deposition technique and, consequently, the resulting film mor-
phology. Furthermore, we show that the energetic disorder is not only
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determined by the static dipole moment, but also by the polarizabil-
ity of charged molecules. Through this insight we derive design rules
for common OLED materials that exhibit a with high dipole moments
while maintaining charge transport properties comparable to those of
non-polar counterparts.

15 min. break

HL 16.7 Tue 11:15 HI14
Electrical and Optical Processes in Blue TADF OLEDs Stud-
ied by Temperature-Dependent Spectroscopy — e AHMED Mo-
HAMED, FELiIx KUBERT, KLARA-MARIA BOGLE, ToLcAa DurMUS,
VwiabpiMIR Dyakonov, and ANDREAS SPERLICH — Experimental
Physics 6, University of Wiirzburg, 97074 Wiirzburg, German

This study explores the electrical and photophysical processes in
Thermally-Activated Delayed Fluorescence (TADF) Organic Light-
Emitting Diodes (OLEDs) using temperature-dependent spectroscopic
techniques. Key aspects such as charge carrier transport, current
loss mechanisms and recombination dynamics are examined to pro-
vide a comprehensive understanding of device performance. We an-
alyze current density-voltage-luminance (JVL) with respect to leak-
age current, efficiency roll-off, and current density at 90% external
quantum efficiency *90. Electroluminescence (EL)/photoluminescence
(PL) microscopy is employed to analyze the photophysical processes in
OLEDs. EL spectra of blue OLEDs with the multi-resonance emitter
*.DABNA exhibit remarkable spectral stability at temperatures be-
tween 200-300 K. Analysis of transient EL with rate equations yields
activation energy and the rates of triplet-singlet transitions in OLEDs,
including reverse intersystem crossing (rISC), triplet-triplet annihila-
tion (TTA), and triplet-polaron annihilation (TPA). Understanding
the mechanisms of current loss and (non-)radiative transitions is the
prerequisite for enhancing the efficiency and stability of blue OLEDs.

HL 16.8 Tue 11:30 H14
Low Invasive Deposition of Metal Films on Carbon Nan-
otubes — eMARTIN ErnsT 2, MARTIN HARTMANNY'2:3 | and SascHA
HermanN!2:3:4 — ICenter for Micro and Nano Technologies, Chem-
nitz University of Technology, Germany — 2Center for Materials, Ar-
chitecture and Integration of Nanomembranes, Chemnitz University
of Technology, Germany — 3Fraunhofer Institute for Electronic Nano
Systems ENAS, Chemnitz, Germany — “*Center for Advancing Elec-
tronics Dresden, Dresden University of Technology, Germany

Carbon nanotubes (CNTs) are one of the most promising materials for

the next generation of electronics. Their unique one-dimensional elec-
tronic structure and their remarkable optical, thermal and mechanical
properties makes them ideal candidates for different application sce-
narios. These range from the integration in transistors for analog and
digital applications, as well as their usage in CNT-based gas, bio and
stress sensors. One of the key challenges is the realization of a proper
CNT-metal contact, in order to effectively transport charge carriers
trough an electronic device, such as the carbon nanotube field-effect
transistor (CNTFET). In this study we investigated the effects of dif-
ferent deposition parameters on the amount of lattice defects in single-
walled semiconducting CNTs by Raman spectroscopy. There, a clear
dependency between the amount of introduced defects and the depo-
sition parameters, like the kinetic energy of the incident target atoms,
was observed. Moreover, these finding were correlated to electrical
results of CNTFETSs, that were fabricated with the same deposition
parameters.

HL 16.9 Tue 11:45 H14
High-Frequency CNT-based FETs for Radio Frequency Com-
munication — eMARTIN Harrmann!2:3 Simon BoTTGERDZ:3,
MARTIN ErRnsTH2, and SascHA HERMANND2:3:4 — 1Center for Micro
and Nanotechnologies, Chemnitz University of Technology, Germany
— 2(Center for Materials Architecture and Integration of Nanomem-
branes, Chemnitz University of Technology, Germany — 3Fraunhofer
Institute for Electronic Nanosystems ENAS, Chemnitz, Germany —
4Center for Advancing Electronics Dresden, Dresden University of
Technology, Germany

High frequency carbon nanotube-based (CNT) field effect transistors
(FETs) are a highly promising candidate for future communication
electronics due to their high charge carrier mobility and low intrinsic
capacitance. It has already been shown in 2019 that this technology
surpassed comparable silicon-based radio frequency FETs e.g. in terms
of their extrinsic current gain cut-off frequencies as well as maximum
frequencies of oscillation [1]. Moreover, in recent years their perfor-
mance was further enhanced approaching the THz region [2]. We re-
port on the impact of the device geometry as well as the CNT layer
properties of high frequency CNTFETSs onto their operating speed,
linearity and contact resistance. Therefore, the spacers between the
gate and the source electrode and gate to drain electrode were varied
resulting in extrinsic current gain cut-off frequencies up to 14 GHaz.
By manipulating the spacer region, the device electrostatics in the
CNT-metal contact area are balanced. This impacts the charge carrier
injection and reflection at the Schottky-like barriers.



