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Time: Thursday 9:30-13:00

HL 45.1 Thu 9:30 H13
Optical Simulations of Nanophotonic Back Contacts for Light
Management in Ultrathin CIGSe Solar Cells — eDANIEL

JiMENEZ TEJERO!, MERVE DEMIR!, Bopo FUHRMANN2, ROLAND
b b b

ScHeer!, RALF WEHRSPOHN', and ALEXANDER SPRAFKED?Z

IMartin-Luther-Universitdt Halle-Wittenberg, Institut fiir Physik,
Von-Danckelmann-Platz 3, 06120 Halle (Saale) — 2MLU, Interdiszi-
plindres Zentrum fiir Materialwissenschaften, Nanotechnikum Wein-

berg, Heinrich-Damerow-Str. 4, 06120 Halle (Saale)

The development of ultrathin-film Cu(In,Ga)Sea (CIGSe) solar cells
aims to reduce material usage and expand applications such as bifacial
or tandem solar cells. However, CIGSe absorber layers with thicknesses
below 1 um exhibit diminished light absorption, particularly for wave-
lengths near the bandgap, leading to decreased power conversion effi-
ciency. This can be counteracted by utilising functional back contacts
that effectively increase the optical path length within the absorber
layer through scattering, reflection, and nanophotonic mechanisms.

This work employs nano-optical simulations to investigate the po-
tential of SiO2 nanostructures on a flat gold back contact for enhanc-
ing the performance of CIGSe solar cells. By solving the Maxwell
equations using the finite element method, the quantum efficiency and
photocurrent under ideal charge carrier collection conditions are com-
puted, enabling a comparison of various nanostructure geometries vi-
able for fabrication. We find photocurrents higher than those of con-
ventional CIGSe solar cells with an absorber thickness of 4 ym, indi-
cating the potential of our light management approach.

HL 45.2 Thu 9:45 H13
Stabilizing Perovskite Solar Cells by Organic Salts Un-
der One Full Sun and Maximum Power Point Tracking
— oZEKARIAS TEKLU GEBREMICHAEL'?, NIKLAS MANIKOWSKY?'3,
CuikeziE WiLLiaMs Ucokwr!2, Basuupev BuaNDARI?3, ULRICH
S. ScuuskrT!2, and HaraLb HoppeEl2 — !Laboratory of Organic
and Macromolecular Chemistry (IOMC Jena), Friedrich-Schiller- Uni-
versity Jena, Jena, Germany — 2Center for Energy and Environmen-
tal Chemistry Jena (CEEC Jena), Friedrich-Schiller-University Jena,
Jena, Germany — S3Faculty of Physics and Astronomy, Friedrich-
Schiller- University Jena, Jena, Germany

The use of organic halide salts to passivate metal halide perovskite
(MHP) surfaces have been studied extensively. Passivating the surface
defects of the MHP is of critical importance for realizing high-efficiency
and stability of perovskite solar cells (PSCs). Here we discuss the
success of a multifunctional organic salt used as passivation material
for grain boundary defects and as molecular sealing layer in terms
of stabilization. To assess the stability of PSCs, maximum power
point tracking is seemingly the most realistic condition for the age-
ing test. Here, PSCs made from the four cation RbCsMAFA based
perovskite absorber layer were aged under full light with maximum
power point tracking and in addition they were tested periodically by
IV-characterization, in order to yield all photovoltaic parameters for
improved understanding of the ageing process.

HL 45.3 Thu 10:00 HI13

Hyperuniform discordered structures for Light Management

in Ultrathin CIGSe Solar Cells — eKATHARINA TROCKEL!,
MEervE DEMIR!, FRANK SyROwATKA2, RALF WEHRSPOHN!, ROLAND
ScHeer!, and ALEXANDER SPRAFKE2 — IMartin Luther Univer-

sity Halle-Wittenberg, Institute of Physics, 06120 Halle, Germany —
2Martin Luther University Halle-Wittenberg, Interdisciplinary Center
of Materials Science, 06120 Halle, Germany

Ultrathinfilm Cu(In,Ga)Se2 (CIGSe) solar cells are highly attractive
due to their reduced material consumption and low manufacturing
costs. While conventional CIGSe solar cells can achieve efficiencies of
up to 21 %, increasing the efficiency of ultrathin solar cells remains a
key research objective to enhance their competitiveness. A promising
approach involves extending the optical path length in the absorber
layer by integrating textured structures at the back or front contact of
the solar cell. Most studies focus on periodic textures.

In this work, we investigate hyperuniform disordered (HuD) struc-
tures for light management in ultrathin CIGSe solar cells. The HuD
structures are fabricated using polymethyl methacrylate (PMMA) par-
ticles deposited onto the back contact of the solar cells. These particles

Location: H13

are covered with an indium tin oxide (ITO) layer and subsequently re-
moved via a calcination process. The resulting ITO layer functions as
a textured back contact, improving both light scattering and electrical
performance.

First experimental results on the implementation of CIGSe solar
cells with integrated HuD structures will be presented.

HL 45.4 Thu 10:15 H13
A Theoretical study of charge transport properties in per-
ovskite analogues for high performance solar cells. — ¢PRERNA
PrErRNADZ2 and HARALD OBERHOFER!? — 1 University of Bayreuth —
2Bavarian Center for Battery Technology, Bayreuth, Germany

Perovskite materials have emerged as promising candidates in solar
cell technology, offering exceptional efficiency and affordability. Their
remarkable performance, surpassing that of conventional inorganic ma-
terials, has placed them at the forefront of next-generation solar cell
research, attracting significant attention from both academic and in-
dustry.

To harness their potential, we are investigating their charge trans-
port properties using first-principles calculations (DFT) within the
band transport regime. Our focus includes the calculation of carrier
mobility, scattering rates and relaxation time through a detailed analy-
sis of effective mass, deformation potential, and elastic properties. Our
studies also incorporate the effects of structural deformations, aiming
to align theoretical predictions with experimental results, providing
deeper insights into the transport mechanisms in perovskites.

Furthermore, we are exploring the anisotropic nature of perovskites
to understand directional dependencies in their electronic and mechan-
ical properties. This anisotropy analysis is crucial for optimizing their
performance and tailoring their application in advanced solar tech-
nologies. Together, these studies offer a comprehensive approach to
enhancing the functionality of perovskites for cutting-edge solar en-
ergy solutions.

HL 45.5 Thu 10:30 H13
THz-Driven Phonon Fingerprints of Hidden Symmetry
Breaking in 2D Layered Hybrid Perovskites — eJoanna M.
UrBAN', MIcHAEL S. SPENCER!, MaxiMILIAN FRENZEL!, GAELLE
TriPPE- ALLARD?, MARIE CHERASSE!"3, CHARLOTTE BERREZUETA
Pavracios?, Orga Minakoval, Luca PERFETTI®, STEPHANIE
REeice?, MARTIN WoLr!, EMMANUELLE DELEPORTEZ, and SEBAS-
TIAN F. MAEHRLEIN!-96 — 1FHI Berlin — 2LuMIn, Université
Paris-Saclay, ENS Paris-Saclay, CentraleSupélec, CNRS — 3LSI,
CEA/DRF/IRAMIS, CNRS, Ecole Polytechnique, Institut Polytech-
nique de Paris — *FU Berlin — HZDR — STU Dresden

Metal halide perovskites (MHPs) are emerging as promising candidates
for spintronic applications. In MHPs which lack inversion symmetry,
strong spin-orbit coupling induces the Rashba-Dresselhaus effect, al-
lowing spin current control. Here we use intense THz fields to co-
herently drive lattice dynamics in Ruddlesden-Popper 2D layered per-
ovskites. We identify simultaneous IR and Raman activity of specific
inorganic cage modes, suggesting the presence of inversion symmetry
breaking despite the globally centrosymmetric crystal structure. By
exploring the driving pathways of coherent phonons bearing the signa-
tures of broken inversion symmetry, we lay the groundwork for simul-
taneous ultrafast control of optoelectronic and spintronic properties in
2D MHPs.

HL 45.6 Thu 10:45 H13
Analysis of real-space transport channels in halide per-
ovskites — eFREDERIK VONHOFF!, MAXIMILIAN J. ScHILCHER!,
Davip R. ReicaMAN?, and Davip A. Eccer! — 1Physics De-
partment, TUM School of Natural Sciences, Technical University
of Munich, James-Franck-Strafte 1, 85748 Garching, Germany —
2Department of Chemistry, Columbia University, New York, NY
10027, USA

The charge carrier transport is a crucial factor for the performance
of halide perovskites as solar energy conversion material. However,
standard semiconductor transport theories fail to model the transport
properties of halide perovskites because of their unusual transport be-
havior triggered by the anharmonic nuclear dynamics and its dynamic
disorder [1]. For an accurate prediction of electron and hole mobil-
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ities of MAPbI3 and MAPbBr3, we capture the anharmonicity with
molecular dynamics trajectories as a backbone for a time-dependent
real-space hopping model [2,3] parametrized with hybrid density func-
tional theory. With our transport model, we trace back the transport
behavior of MAPbI3 and MAPDbBr3 to their band structures via the
projected density of states and the dynamics in the orbital occupation
configurations. The real-space nature of our model allows us to deter-
mine the microscopic transport mechanisms which are driven by three
transport channels.

[1] M. J. Schilcher et al, ACS Energy Lett. 6, 2162 (2021)

[2] M. Z. Mayers et al, Nano Lett. 18, 8041 (2018)

[3] M. J. Schilcher et al, Phys. Rev. Mater. 7, L081601 (2023)

15 min. break

HL 45.7 Thu 11:15 H13
Unravelling how solvated Pblz Crystallites precede the Crys-
tallization of Lead Halide Perovskites by UV /VIS In-Situ
measurements — e MAXIMILIAN SPiEs!, SiMoN BIBERGER!, FABIAN
ELLER?, Eva M. HErz1G?, and ANNA KOHLER! — 1Soft Matter Opto-
electronics, University of Bayreuth, Bayreuth, Germany — 2Dynamics
and Structure Formation, University of Bayreuth, Bayreuth, Germany

The fabrication of reproducible, high-quality lead iodide perovskite
films via solution-based methods requires a comprehensive understand-
ing of crystallization dynamics. The formation of perovskite films is
primarily dictated by the composition of the precursor solution and
its processing conditions. In this study, we present an in-situ absorp-
tion study, i.e. during spin-coating, of the critical pre-nucleation stage
to unravel the formation mechanisms of lead iodide perovskite films.
We tracked the evolution of iodoplumbate complexes within the pre-
cursor solution and identified a distinctive absorption feature at 3.15
eV, emerging prior to film formation. We attribute this feature to the
development of a crystalline Pbla-DMF solvated (PDS) phase. In par-
ticular, we propose that PDS crystallites serve as precursors to the
crystalline perovskite phase, acting as nucleation sites within the pre-
cursor solution. Notably, the amount of this PDS phase correlates
closely with the concentration of the solution layer during spin coat-
ing, suggesting that increasing concentration promotes PDS formation.
These findings provide valuable insights into the early stages of per-
ovskite crystallization.

HL 45.8 Thu 11:30 H13
Effect of a 2D /3D Heterostructure on Contact Formation of
the Double Perovskite Csa; AgBiBrg with Hole Transport Lay-
ers Revealed by In-Situ KPFM Growth Studies — eTim P.
ScHNEIDER and DERCK SCHLETTWEIN — Justus-Liebig-Universitét
Gieflen, Institut flir Angewandte Physik, Heinrich-Buff-Ring 16, D-
35392 Giefen

The application of a 2D perovskite interlayer caused by surface modi-
fication with organic amines between the absorber and contact layers
is widely known to significantly improve the performance of perovskite
solar cells. This has already been approved as well for the lead-free
double perovskite absorber Csa AgBiBrg. To better understand the in-
teraction of the contact layer with the 2D /3D heterostructure, in this
work, film growth of Copper Phthalocyanine (CuPc), used as a model
hole conductor, onto Cs2 AgBiBrg modified by different 2D phases was
investigated and compared to bare CsyAgBiBrg. Employing solar cell
geometry, the morphology and work function were inspected intermit-
tently to the evaporation of CuPc by Kelvin Probe Force Microscopy
at different average film thickness. The energy alignment was revealed
to be more confined on the 2D /3D heterostructures and the growth
of CuPc was improved: a more homogenous growth led to formation
of closed films even at early stages of deposition. These changes in
growth and energy alignment are accompanied by preferential forma-
tion of different crystal phases in the CuPc.

HL 45.9 Thu 11:45 H13
The influence of oxygen and water on MAPDbI3 absorber
materials measured with in-situ TRPL and PES — eP.
StoéTZNERY, M. MOLLER!, T. Scuurz!, P. Pistor?, R. ScHEER!,
and S. ForsTER! — Martin-Luther-Universitit Halle-Wittenberg,

Germany — 2Universidad Pablo de Olavide Sevilla, Spain

Methylammonium lead halide perovskites (MAPbI3) are promising
thin-film solar cell absorber materials, but their response to environ-
mental conditions like moisture and oxygen is not well understood.
Here, we present a combined photoelectron spectroscopy (PES) and

in-situ time-resolved photoluminescence (TRPL) study conducted in
one ultrahigh vacuum system, which allows for studying changes in
the chemical composition, the electronic structure and charge carrier
lifetime. The setup is completed by a high-pressure gas cell enabling
for controlled exposure to specific environments.

For MAPDI3, we observe a significant reduction of the charge car-
rier lifetime compared to ex-situ TRPL measurements. To bridge
between the different measurement environments, we conducted addi-
tional TRPL measurements in a closed cell having the as-grown sample
in nitrogen atmosphere, which is pumped to high vacuum. These re-
sults show a decreased lifetime in vacuum but an increased lifetime
linked to air contact. Consequently, we exposed MAPbDI3 samples to
water vapor to mimic air contact, resulting in increased lifetime but
also in a decomposition of MAPbI3. Pure oxygen exposure did not
affect the lifetime. Surprisingly, the simultaneous exposure to both
gases did not show the detrimental effect of water.

HL 45.10 Thu 12:00 H13
On the Nature of Light Induced Defects in MAPI Thin Films:
Long Pulses in TrPL — eMaxim SiMMoNDs and Eva UNGER —
Kekuléstrafe 5, 12489 Berlin, Germany

Metal-halide perovskite (MHP) semiconductors are highly relevant
candidates for the fabrication of next generation solar cells but suf-
fer from instability under continuous irradiation. This has been shown
with a non-constant steady state PL during illumination. In order to
better understand the evolution of recombination mechanisms at play,
we usetime resolved photoluminescence (trPL) and differential lifetime
plots.

Therefore, in this presentation, we will focus on methylammonium-
lead-iodide (MAPI) thin films and the (ir)reversible introduction of
traps triggered by quasi-continuous illumination. For this, we develop
a method that uses long pulses of light in combination with trPL
counting schemes, calling it long pulsed trPL (LP-trPL). From the
method, we observe the inclusion of long lived and non-deep trapping
sites due to continuous illumination. The data also suggests a highly
asymmetric mechanism of trap formation, where trap annihilation is
much slower than observed formation. We conclude that previously
described mechanisms of iodine outgassing is compatible with the ob-
served shallow nature of traps introduced as well as the asymmetric
process of formation/annihilation.

HL 45.11 Thu 12:15 H13
Phase evolution of sequential evaporated (FA /Cs)SnI3; halide
perovskite thin films via in situ X-ray diffraction — ePu-
Cuou Lin', Josua Damm!, RoLanDp ScHEER!, and PauL PisTor? —
Hnstitute of Physics, Photovoltaics Group, Martin-Luther-University,
06120 Halle, Germany — 2Departamento de Sistemas Fisicas, Univer-
sidad Pablo de Olavide, 41013 Sevilla, Spain

Tin-based halide perovskites, particularly FASnl3 and CsSnls, offer
promising potential for photovoltaic applications. This study employs
in situ X-ray diffraction to investigate these materials’ real-time growth
mechanisms and thermal stability during sequential vapor deposition
and annealing. Our results demonstrate that the deposition sequence
significantly impacts the resulting perovskite film quality. For FASnls,
the Snlz-FAI stack yields superior, cavity-free films compared to the
FAI-Snl; stack. This suggests that FAI is the primary diffusing species,
with FASnI3 forming at interfaces and completing its formation around
160°C. In contrast, the CsSnl3 system exhibits more complex behavior.
The Snlz-Csl sequence leads to the formation of the intermediate phase
Cs2Snlg, while the CsI-Snls sequence directly forms CsSnlz with mini-
mal defect formation. This suggests that Snls is the dominant diffusing
species in the Cs-based system. FASnl3 and CsSnl3 undergo thermal
degradation at 200°C and 240°C, respectively, through co-desorption
of their constituent elements. These findings provide valuable insights
into tin-based perovskites’ growth mechanisms and thermal stability,
which can guide future efforts to improve their performance and long-
term stability.

HL 45.12 Thu 12:30 H13
Determining the key parameters of 3C-SiC photoelectrodes
for water splitting application — eMaARIus WasEM!'2, SEBASTIAN
Benz!3, PuiLip KLEMENT!2, JoacHIM SANND3, JURGEN JANEKD3,
SaNcaM CHATTERJEEDZ, and MartaIAs T. ELMb23 — 1Center for
Materials Research, Heinrich-Buff-Ring 16, 35392 Giessen — 2Institute
of Experimental Physics I, Heinrich-Buff-Ring 16, 35392 Giessen —
3Institute of Physical Chemistry, Heinrich-Buff-Ring 17, 35392 Giessen

We investigated the photoelectrochemical properties of n- and p-doped
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3C-SiC thin films on n- or p-doped Si substrates, respectively, in a
phosphate buffer solution. Key parameters such as the flat band po-
tential and open-circuit potential were determined using various elec-
trochemical methods. The combination of ultraviolet photoelectron
spectroscopy and low energy inverse photoelectron spectroscopy mea-
surements yields the estimation of the positions of the Fermi level, as
well as the positions of the valence and conduction bands of the differ-
ently doped 3C-SiC thin films. Impedance spectroscopy characterized
the interfacial processes in more detail. The flat band potential was
derived from the space-charge layer capacitance using Mott-Schottky
analysis. The determination of these key parameters enabled the con-
struction of an energy level diagram, which explains the electrochemi-
cal behavior of n- and p-type 3C-SiC thin films under both dark con-
ditions and illumination.

HL 45.13 Thu 12:45 H13
Circular Dichroism Engineering via Bismuth Doping and
Cation Substitution in 2D Lead-Halide Perovskites — eJAN-
HeinricH LitTMmann!, Kerro Mizukami'»2, HENRIK SPIELVOGEL!,
PuiLip KLeMeNT!, Satoko Fukumori?, Hirokazu Tapa?, and

SANGAM CHATTERJEE! — lInstitute of Experimental Physics I and

Center for Materials Research (ZfM), Justus Liebig University Giessen,
Giessen, Germany — 2Graduate School of Engineering Science, Osaka,
University, Japan

Hybrid lead halide perovskites have garnered significant attention for
their remarkable semiconductor properties. Their building blocks al-
lows for tuneable features such as the crystal structure and the elec-
tronic bandgap. Introducing chiral cations into these materials en-
dows them with chiroptical properties, such as circularly polarized
luminescence (CPL) and spin-polarized charge transport, promising
applications in optoelectronics and spintronics. However, the mecha-
nism of chirality transfer remains poorly understood due to complex
structure-property relationships. This study delves into the impact of
heterovalent Bi3>t doping on the genuine circular dichroism (CD) of
2D lead iodide perovskites incorporating methylbenzylamine (MBA)
and (pyridyl)ethylamine (PyEA) cations. Bi®*T doping, while preserv-
ing the band gap, significantly influences the genuine CD, suggesting
a doping-dependent chirality transfer mechanism. Our findings pro-
vide valuable insights into the structure-property relationships in chi-
ral perovskites and pave the way for the rational design of advanced
chiroptical materials.



