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DS 28.1 Wed 15:00 P1A
Long-time stability of swift-heavy ion irradiated LiNbO3

— ∙Veronica Lopez Marcos1, Elke Wendler1, Liang-Ling
Wang1,2, Alma Dauletbekova3, Maxim Zdorovets3, and
Carsten Ronning1 — 1Institut für Festkörperphysik, Friedrich-
Schiller-Universität Jena, Germany — 2School of Physics and Tech-
nology, University of Jinan, P. R. China — 3L. N. Gumilyov Eurasian
National University, Nur-Sultan, Kazakhstan
Lithium niobate (LiNbO3) has been a material of interest in optics
for many years. For the production of photonic devices, ion-beam
induced amorphisation can be applied, which is connected with a re-
duced refractive index. In order to satisfy optical application require-
ments, thick layers of amorphous material may be needed, which can
be achieved by implantation of swift heavy ions. However, the long-
term stability of the amorphous structure must be guaranteed, which is
investigated in this presentation. LiNbO3 samples were irradiated with
66 MeV Xe-ions at ion fluences from 5× 1010 to 3× 1013 cm−2. Later
the samples were analyzed with Rutherford backscattering spectrome-
try in channeling mode using 1.4 MeV He-ions. It was found that the
fluence-dependent increase of damage is well represented by the direct
impact model. The obtained radius of the amorphous tracks produced
by individual ions is in agreement with previous results which were
measured right after ion irradiation. This indicates that no annealing
of amorphous tracks in a crystalline surrounding occurred. In order
to understand the damage structure obtained when the tracks overlap
forming a complete amorphous layer, further studies are in progress.

DS 28.2 Wed 15:00 P1A
Characterization of photochromic diarylethene films pro-
duced via spin-coating — ∙Viktor Udachin1, Sven Nagorny2,
Sebastian Dahle1, Jörg Adams3, Andreas Schmidt2, and
Wolfgang Maus-Friedrichs1 — 1TU Clausthal, Institut für En-
ergieforschung und Physikalische Technologien, Deutschland — 2TU
Clausthal, Institut für Organische Chemie — 3TU Clausthal, Institut
für Physikalische Chemie
Thin photochromic films that can reversibly change physico-chemical
properties under suitable electromagnetic radiation have received con-
siderable attention. Such functional coatings are crucial in de-
velopment of novel optical imaging and lithography applications
using photochromism [1, 2]. A promising photochromic sub-
stance is 4,4”-(perfluorocyclopent-1-ene-1,2-diyl)bis(5,5’-dimethyl-2,2’-
bithiophene) (BTE-1) due to its comparatively high thermal- and
photo-stability [2]. However, specifications of a spin-coating procedure
to obtain homogeneous BTE-1 films with different optical properties
are not well defined. In this study, we investigated the behaviour of
BTE-1 during spin-coating and determined a set of parameters for the
production of defect-free BTE1/PMMA coatings with different thick-
nesses. The films were produced on quartz substrates by changing
spin-coating conditions and properties of solutions. The optical param-
eters, morphology and thickness of the films as well as the structure of
the dye were studied via spectroscopic and microscopic techniques. [1]
Kowarsch R. et al. Optics express 26.5 (2018): 5327-5341. [2] Andrew
T. L., Tsai H. Y., Menon R. Science 324.5929 (2009): 917-921.

DS 28.3 Wed 15:00 P1A
Shaping silver nanoparticles using low energy ion irradi-
ation — ∙Shiva Choupanian1, Alessandro Nagel2, Claudia
Pacholski2, and Carsten Ronning1 — 1Institute for Solid State
Physics, Friedrich Schiller University Jena, Germany — 2Institute of
Chemistry, University of Potsdam, Germany
Ion irradiation of surfaces always comes up with other effects such
as sputtering or/and ion beam mixing. When nanoparticles are irra-
diated with ions having an ion range comparable to the size of the
object, strong deviation from the behavior of surfaces occurs. In this
work, the morphology changes of silver nanoparticles on top of silicon
substrates irradiated with Ga+ ions with energies ranging from 1 to
30 keV were investigated. For higher energies, the morphology change
of the nanoparticles occurs dominantly due to enhanced sputtering.
However, by decreasing the energy to 8 and 5 keV, a combination of
sputtering, ion beam mixing and Ostwald ripening results in the re-
forming of new particles on top of the surface.

DS 28.4 Wed 15:00 P1A
XPS characterization of ZnO thin films prepared by TALD
— ∙Christoph Janowitz1, Ali Mahmoodinezhad1, Franziska
Naumann2, Paul Plate2, Hassan Gargouri2, Karsten Henkel1,
and Jan Ingo Flege1 — 1Brandenburg University of Technology
Cottbus-Senftenberg, K.-Zuse-Str. 1, 03046 Cottbus, Germany —
2SENTECH Instruments GmbH, Schwarzschildstraße 2, 12489 Berlin,
Germany
Among the transparent conducting oxides (TCO’s) like 𝑆𝑛𝑂2 and
𝐼𝑛2𝑂3 respectively 𝐼𝑛2𝑂3:Sn (ITO), zinc oxide (ZnO) with compara-
ble electronic and optical properties has attracted interest as an alter-
native due to its low cost, non-toxicity and high durability. Advances
in the production of high quality films of ZnO, foster the realization of
TCO based devices in optoelectronics and photovoltaics. Several ap-
proaches have been pursued for the deposition of ZnO films in which
thermal atomic layer deposition (TALD) facilitates low temperature
layer by layer growth for high-quality thin films. Zinc oxide films were
deposited on Si (100) substrates using diethyl zinc (DEZn) as a zinc
precursor and 𝐻2O as an oxidizing co-reactant within a temperature
window of 80 ∘C to 200 ∘C. The chemical composition and bonding
states of the films were quantitatively determined using X-ray photo-
electron spectroscopy (XPS) by decomposition of Zn2p and O1s core-
level spectra. The films exhibited only a slight deviation from ideal
stoichiometry with a small excess of oxygen. Also the carbon contami-
nation dependence on the growth temperature was studied. The lowest
carbon concentration was found for the sample grown at 150 ∘C.

DS 28.5 Wed 15:00 P1A
2D Extended crystalline films for organic electronics appli-
cations — ∙Fabian Streller, Tim Hawly, and Rainer Fink —
Lehrstuhl für Physikalische Chemie II, Friedrich-Alexander-Universität
Erlangen-Nürnberg
Excelling in applications where large area coverage, low cost and flexi-
bility are limiting factors of device fabrication, organic semiconductors
are of high interest as alternative functional layers in modern electronic
devices. While well-established preparation methods for organic thin
films such as physical vapor deposition (PVD) offer good process con-
trol via parameters, such as deposition rate, they suffer from intrinsic
limitations, namely the formation of polycrystalline layers, leading to
charge trapping at grain boundaries and hence, reduced charge carrier
mobilities. Herein, we report on the formation of highly oriented, long
range-ordered thin films created in a novel approach via surfactant
assisted self-assembly at the liquid-liquid interface.[1] Thin films with
thicknesses of only few monolayers crystallized out of solution, utilizing
a surfactant-modified water surface as a substrate. Thus prepared film
were characterized by microscopic (AFM, SAED) and spectroscopic
(NEXAFS, STXM) methods. To further investigate their suitability
in organic electronics (OFETs, OLEDs), charge transfer characteris-
tics were measured, exceeding those of reference devices by at least an
order of magnitude.

[1] Q. Wang, F. Yang, Y. Zhang, M. Chen, X. Zhang, S. Lei, R. Li,
W. Hu J Am Chem Soc. 2018, 140, 5339-5342

DS 28.6 Wed 15:00 P1A
Light element analysis using an external proton beam —
∙Felix Junge1, Masahiro Saito1,3, Kim Holm1,2, Felipe Lipp
Bregolin1, and Hans Hofsäss1 — 1II. Institute of Physics, Georg-
August-Universität Göttingen, 37077 Göttingen, Germany — 2Institut
für Physik, 06120 Halle, Germany — 3Toray Research Center Inc., 3-
3-7, Sonoyama, Otsu, Shiga 520-0842, Japan
In this work, we describe the new setup for light element depth profil-
ing using a 2.7MeV external proton beam and helium gas atmospheric
pressure conditions. This setup is used to simultaneously perform
backscattering spectrometry (BS) and H-H coincidence elastic recoil
detection analysis (C-ERDA) in transmission. The beam is extracted
through a 170 nm diamond membrane of 1 mm2 size. Polyamide and
Mylar foils were used as reference samples. In addition, thin titanium
layers were deposited on 100 nm to 500 nm thick Si3N4 membranes by
magnetron sputtering and loaded with hydrogen using an inductively
coupled plasma. H concentration profiles were investigated as a func-
tion of film preparation and plasma loading conditions. Furthermore,
thin amorphous carbon layers with hydrogen content were produced
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by magnetron sputter deposition and examined with simultaneous BS
and C-ERDA measurements. In order to investigate the possibility of
detecting all light elements, samples of lithium manganese oxide were
examined and the lithium was measured by NRA. The aim of our re-
search is the development of an efficient method for the quantitative
analysis and depth profiling of all light elements of a sample.

DS 28.7 Wed 15:00 P1A
GTSAXS measurements on resistively switching strontium
titanate thin film structures — ∙Richard Valenta, Kil-
ian Wilden, Christoph Boehnke, and Uwe Klemradt — 2.
Physikalisches Institut, RWTH Aachen, Deutschland
We present an application of a novel variant of small angle x-ray scat-
tering (Granzing incidence transmission small angle x-ray scattering
(GTSAXS)) for structural analysis of resistively switching thin oxide
films. Resistive Random Access Memory is a promising candidate for
novel data storage techniques. Our samples consist of a thin strontium
titanate layer sandwiched between a bottom electrode and a structured
top electrode. By means of voltage pulses the devices can be switched
reversely between different resistive states distinguished by creation
and rupture of conductive filaments. Using GTSAXS we were able to
detect a strong signal sensitive to the different resistive states which
can be related to the shape of the filaments.

DS 28.8 Wed 15:00 P1A
The new Neutron Depth Profiling Instrument N4DP at
the FRM2 — ∙Lukas Werner1, Markus Trunk1, Roman
Gernhäuser1, Ralph Gilles2, Bastian Märkisch1, and Zsolt
Revay2 — 1Technische Universität München — 2Heinz Maier-Leibnitz
Zentrum
Neutron Depth Profiling (NDP) is a non-destructive nuclear analyti-
cal technique. It uses charged particles produced in neutron capture
reactions (for example the neutron capture on 6Li) to map isotope
depth distributions in thin film samples. At the Forschungsneutro-
nenquelle München 2 (FRM2) the new Neutron Depth Profiling in-
strument N4DP has been set up. The high neutron flux available at
the experimental site allows for ex-situ as well as for operando studies
of thin film samples (e.g. battery anodes during cycling). We will
present the capabilities of the instrument alongside several application
examples.

DS 28.9 Wed 15:00 P1A
Electron beam induced defect formation and evolution in
single-layer WSe2 — ∙Robert Leiter, Yueliang Li, and Ute
Kaiser — Electron Microscopy Group of Materials Science, Ulm Uni-
versity, Albert-Einstein-Allee 11, 89081 Ulm, Germany
Lattice defects in two-dimensional TMD monolayers, such as tungsten
diselenide (WSe2) can alter the electronic properties of the material
[1]. Artificially creating such defects by means of an electron beam
may be used to tailor the structure and properties of these monolayers
for use in future devices [2].

Here, we use the Cc/Cs - corrected SALVE (Sub Ångström Low Volt-
age Electron microscopy) instrument to observe the dynamics of the
formation and evolution of defects in WSe2 atom by atom [3]. Single
point defects are highly mobile and accumulate fast to more extended
defects. With continued electron beam irradiation, inversion domains
form, which contain several types of mirror twin boundaries (MTBs),
previously reported to possess interesting electrical and magnetic prop-
erties. We also observe MTBs that were previously unreported for
tungsten diselenide as well as a completely new type of boundary, not
reported in any TMD so far. We show that with further increased
electron dose, highly defective W-rich regions within the WSe2 matrix
form, paving interesting ways towards device engineering.

[1] Y.-C. Lin et al., Nat. Commun. 6, 6736 (2015)
[2] H.-P. Komsa and A. V. Krasheninnikov, Adv. Electron. Mater.

3, 1600468 (2017)
[3] M. Linck et al., Phys. Rev. Lett. 117, 076101 (2016)

DS 28.10 Wed 15:00 P1A
Electron-beam-stimulated structure evolution of single-layer
MoTe2: From point to extended defects — ∙Janis Köster1,
Tibor Lehnert1, Mahdi Ghorbani-Asl2, Zhongbo Lee1, Arkady
Krasheninnikov2, and Ute Kaiser1 — 1Electron Microscopy Group
of Materials Science, University of Ulm, Ulm 89081, Germany —
2Institute of Ion Beam Physics and Materials Research, Helmholtz-
Zentrum Dresden-Rossendorf, Dresden 01328, Germany

The SALVE instrument is equipped with a Cc/Cs-corrector and oper-
ates between 20-80kV at atomic resolution. It enables the investigation
of electron-beam-stimulated structural transformations in 2D materials
on an atomic level. Here, we report the electron-beam-induced atom-
by-atom evolution of single Te vacancies and Te divacancies in single-
layer 2H-MoTe2. At 40kV electron accelerating voltage, defect creation
due to elastic interaction can be excluded because of the high mass of
Te and Mo, and the observed defects originate from more complex in-
teractions as a combination of inelastic and elastic events. We found
different types of tetravacancies and trefoil-like defect structures as well
as line defects in zigzag direction. Additionally, electron-beam-driven
dynamics of defects were observed and their kinetic pathways were
proven with DFT calculations. Our results may allow one-dimensional
magnetic quantum systems in single-layer 2H-MoTe2, by creating lo-
cally metallic quantum dots consisting of T’ phase.

DS 28.11 Wed 15:00 P1A
Benefits of Ion-beam-assisted Sputtering on Chalcogenides —
∙Kai Scheuvens1, Peter Kerres1, and Matthias Wuttig1,2 —
1I. Physikalisches Institut (IA), RWTH Aachen University — 2JARA-
FIT, RWTH Aachen University
Chalcogenide phase change materials (PCM) have been of great inter-
est for research as well as application in fast switching data storages.
Our sputter chamber, which is part of an UHV cluster, allows produc-
ing high quality textured thin films with a broad range of deposition
parameters while keeping the oxygen contamination at a minimum.
However, due to the chamber design, the fabrication of dense amor-
phous layers has been proven difficult. XRR Measurements on amor-
phous thin films show roughly 10% less density compared to other
sputtered films of the same material, hinting at voids in the thin film.
The formation of voids can be suppressed by applying additional en-
ergy to the film during deposition in the form of an ion beam. The
influence of this ion beam assisted deposition (IBAD), specifically in
terms of film density and stoichiometry, will be investigated in this
study. Samples with varying ion fluxes will be produced and charac-
terized via XRD, XRR, XPS and AFM.

DS 28.12 Wed 15:00 P1A
Interface effects in the electronic structure of chalcogenide
heterostructures — ∙Peter Kerres1, Matthias Dück1, Kai
Scheuvens1, and Matthias Wuttig1,2 — 11st Institute of Physics
"new Materials", RWTH Aachen University, 52066 Aachen, Germany
— 2JARA-FIT, RWTH Aachen University, Germany
While thin film devices containing homogenous films of GeSbTe based
phase change materials (PCM) have already found their way into ap-
plications, heterostructure applications of phase change materials, i.e.
chalcogenide superlattices are still topic of ongoing research. In the
heterostructures, the focus of study lies in the interface region between
the two constituents. In this study, we focus on the GeTe/Sb2Te3 In-
terface and employ X-ray photoelectron spectroscopy (XPS) to find
differences in the electronic structure of the heterostructure compared
to single films of GeTe, Sb2Te3 and an alloyed GeSbTe compound. Sev-
eral thin film stacks of textured crystalline films were prepared with
heated sputter deposition in an UHV cluster and afterwards trans-
ferred to the analysis chamber for in-situ XPS measurements. Angle
dependent core level spectroscopy (ARXPS) is employed to extract
depth dependent data and attribute parts of the spectra to interface
effects. The structure of the thin films is additionally verified with
X-ray diffraction (XRD) and reflectometry (XRR) measurements.

DS 28.13 Wed 15:00 P1A
Investigation of in-plane texture of GeTe thin films — Marc
Pohlmann1, Marvin Kaminski1, ∙Maria Häser1, and Matthias
Wuttig1,2 — 1I. Physikalisches Institut (IA), RWTH Aachen Univer-
sity, 52056 Aachen Germany — 2JARAFIT Institute Green-IT, RWTH
Aachen University and Forschungszentrum Jülich, 52056 Aachen, Ger-
many
Chalcogenide-based Phase Change Materials (PCM) are a prominent
candidate for energy efficient memory devices. This material class
shows a strong difference in its electrical and optical properties be-
tween the amorphous and crystalline state. To understand the crys-
talline state in thin film devices the preparation of highly textured films
for structural characterization is crucial. In this study, Molecular beam
epitaxy is employed to grow GeTe thin films on two different Si(111)
surfaces: A 7x7 Reconstruction and a R30∘-

√
3×

√
3-Sb-termination.

Using X-Ray Diffraction methods (Θ-2Θ-Scans, Reciprocal space maps
and Φ-Scans) two very different in-plane textures for the two surfaces
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were investigated. Additionally, a simulation of the mismatch between
the 7x7 reconstructed Si(111) surface and thin film was performed and
compared to the XRD results.

DS 28.14 Wed 15:00 P1A
Ultrathin (SrO)2 buffer layer actuates strain relaxation
in La0.7Sr0.3MnO3/SrTiO3(100) — ∙Vitaly Bruchmann-
Bamberg1, Alexandr Belenchuk2, Yury Khaydukov3,4,
Vladimir Roddatis5, and Vasily Moshnyaga1 — 1I. Physik. Inst.,
G.-A.-Universität Göttingen, Germany — 2IIEN, Academy of Sciences
of Moldova, Kishinev, Republic of Moldova — 3Max Planck Institute
for Solid State Research, Stuttgart, Germany — 4Max Planck Society
Outstation at the Heinz Maier-Leibnitz Zentrum, Garching, Germany
— 5GFZ German Research Centre for Geosciences, Potsdam, Germany
Strain and oxygen octahedral distortions imposed by the substrate play
a crucial role in epitaxially grown perovskites, e.g. they strongly affect
electrical transport and magnetic properties of the double exchange
manganite La0.7Sr0.3MnO3 (LSMO) films. Instead of changing the
substrate, a buffer layer can also be used to structurally decouple the
film from the substrate. We report on the in-plane strain relaxation of
an LSMO film grown on a (SrO)2 buffered SrTiO3(100). The buffer
layer manifests itself as the Ruddlesden-Popper defect at the interface
which disrupts the integrity of the octahedral network imposed by
the epitaxy. Strain relaxation as well as the structural decoupling of
perovskites through a rock-salt interface, directly visualized by TEM,
significantly improves electric and magnetic properties of LSMO (e.g.
the Curie and metal-insulator transition temperatures were increased
by 30 K). The financial support from DFG via the SFB 1073 (TP A02)
and the FRM II at the MLZ Garching are acknowledged.

DS 28.15 Wed 15:00 P1A
Investigation and Deposition of Methylammonium Lead Io-
dide Thin Films for Perovskite Solar Cell — ∙Young Un Jin1,
Niels Benson2, and Doru C. Lupascu1 — 1Institut für Material-
wissenschaft, Universität Duisburg-Essen und Center for Nanointegra-
tion Duisburg-Essen (CENIDE) — 2Institut für Nanostrukturtechnik,
Universität Duisburg-Essen und Center for Nanointegration Duisburg-
Essen (CENIDE)
The organic-inorganic lead halide perovskites have been getting the
limelight due to their excellent performance in photovoltaic devices
which contain charge transport and hole transfer materials. Recently,
methylammonium lead iodide (CH3NH3PbI3, MAPI) light harvester
has contributed to be recorded in the highest power conversion ef-
ficiency, over 23% of perovskite solar cell by NREL. A thin film of
MAPI is demonstrated that it has broad light absorption, high carrier
mobility and leads to be therefore appropriate to engineering of direct
bandgap structure of interlayers in a photovoltaic device expected.

In this study, we focus on a progressive method to deposit a clean
MAPI thin film for the surface quality and its material properties to
figure out the key how these properties affect charge transport and
the relationship with its defect density. On the overall proeprties to
understand the fundamental physical properties and their influence we
characterize the morphology of the surface and local defect densities
in MAPI and investigate how morphological problems are associated
with charge mobility and what defects can impact on the electrical and
optical features.

DS 28.16 Wed 15:00 P1A
Comparison of surface preparation techniques for topolog-
ical materials — AI Hamodi1, T Hökelek1, Yaser Hamodi2,
O. Abdulkareem3, ∙Nami Nakamori4, Omar Isam2, N.Basheer
Mahmood5, Karam Naji6, Ward Sheiko7, and Ali Jihad8 —
11Hacettepe University, Ankara, Turkey — 22Minstry of higher ed-
ucation and scientific research, Baghdad, Iraq — 33 Central Piedmont
Community College, Texas, USA — 44Shanghai Institute of Ceramics,
China — 55Ministry of education, Baghdad, Iraq — 66Lafargeholcim
Company, France — 77Siemens Company, Oman — 88Thermoplastics

company GmbH, Germany
The surface state of this type of material are heavily oxide at atmo-
sphere pressure, to avoid the oxidation, grown of capping layer (Te or
Se) is necessary directly after fowh of the films in ultra-high vacuum.
Surface treatment can be classified in to i) Sputtering and annealing
method which is really powerful technique for all type of materials
ii) Top boost method, which is work only on some of these Topolog-
ical material. Here we shows x-ray photoemission (XPS), low energy
electron diffraction (LEED) and Angle-resolved photoemission spec-
troscopy (ARPES) results in detailed that prove our samples getting
fresh surface after treatment. Additionally, we did overview surface
treatment measurements for non-capped materials.

DS 28.17 Wed 15:00 P1A
Functionalization of Metal Oxid Surfaces with Porphyrins —
∙Klaus Götz1,2, Annemarie Prihoda1,2, and Tobias Unruh1,2

— 1Lehrstuhl für Kristallographie und Strukturphysik, Univer-
sität Erlangen-Nürnberg, Staudtstr. 3, 91058 Erlangen —
2Interdisziplinäres Zentrum für Nanostrukturierte Filme, Universität
Erlangen-Nürnberg, Cauerstr. 3, 91058 Erlangen
Porphyrins are widely studied for their use as catalysts and in dye sen-
sitized solar cells. In these systems the porphyrins are bound to metal
oxide surfaces as a functionalizing layer.

We study the binding mechanism in the porphyrin - metal oxide in-
terface on TiO2 and Co3O4. Special emphasis of our work is focused on
the exchange process of organic stabilizing molecules with porphyrins.

One method is the combination of small angle x-ray and neutron
scattering (SAXS and SANS) experiments. These are well suited to
study core/shell systems. X-rays interact mainly with electrons and
therefore SAXS yields information about the inorganic core of the
nanoparticles. Neutrons on the other hand are very sensitive to hy-
drogen and therefore SANS is well suited to get information about the
organic stabilizer shell.

Additionally, X-ray reflectivity (XRR) measurements can be used to
study layered systems on flat substrates. This offers the possibility to
study the exchange of oleic acid with porphyrins on TiO2 Wafers as a
test system.

The poster will show the complementary methods, focusing on the
XRR measurements.

DS 28.18 Wed 15:00 P1A
Miniaturization of patterns formed in graded thin elastic film
— ∙Sunita Singh1 and Jayati Sarkar2 — 1Indian Institute of tech-
nology, Delhi,India — 2Indian Institute of technology, Delhi,India
We study the instability and morphology of a thin incompressible,
inhomogeneous elastic soft film, whose shear modulus is exponential
function or arbitrary function of film thickness. An LSA (linear sta-
bility analysis) has been done to obtain the minimum stress or force
required to perturb the top surface of the film. In our study, we ob-
tained the smaller length scale features can be formed at the interface
in these anisotropic (non-homogeneous) materials where the anisotropy
exists only in the normal direction. The present work constituted the
range of length scale of instability is 0.3h<𝜆<2.96, lower critical stiff-
ness from LSA and total energy minimization, to look out the evolved
morphology with high aspect ratio at the interface of film and con-
tactor. The similar length scale of instability can be obtained using
different techniques like patterned substrates and bilayers where it was
possible to decrease the length scale by about an order of magnitude
than those formed in simple elastic thin films because of antagonis-
tic energies (elastic and interaction) present. These techniques are
also cost-effective than the existing techniques of lithography suitable
for hard materials. The LSA gives a 4th order ordinary differential
equation, which cannot be solved analytically, so we discretized it us-
ing finite difference method with 2nd order accuracy throughout the
process. The studies involved numerical techniques for energy mini-
mization, and also finite element schemes to tackle non-linearities.
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