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Notice!

Notice!

The Women in Science and Engineering Breakfast 

(WSEB) at the IIM 2022.

As the number of places is limited, participants have to 

register for this event

01.07.2022, from 8:00 to 10:00 

"Kiel Nano, Surface and Interface Science-KiNSIS", the 

evening reception with musical accompaniment will 

take place on 30.06.2022 from 20:30 to 22:00.

Participation in the Excursion to the laboratories of Kiel 

University

01.07.2022, from 15:30 to 16:15
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Key Dates and Deadlines

Submission of abstracts:
15 December 2021

Confirmation to authors:
January 2022

Preliminary program:
February 2022

Submit your abstract here:
https://intelligent.i-grat.de/contributions-conditions/abstract

Conference Fees

 ▪ For participants from Universities & Non-university institutions  750,00 €

 ▪ For Students & PhD Students     300,00 €

 ▪ For Industrial Participants      1.050,00 €

Conference Venue
ATLANTIC HOTEL
Raiffeisenstrasse 2
24103 Kiel
T +49 (0) 431 / 374 99 -0
F +49 (0) 431 / 374 99 -500
kiel@atlantic-hotels.de
www.atlantic-hotels.de/kiel

Accomodation
Kiel-Marketing e.V. reserved a contingency of different hotel rooms in the city center:
https://intelligent.i-grat.de/the-conference/conference-venue/hotel-reservation

General Information

https://intelligent.i-grat.de/contributions-conditions/abstract 
https://intelligent.i-grat.de/the-conference/conference-venue/hotel-reservation/
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Greeting

Greeting

Dear Sir or Madam,

After a very successful series of Intelligent Materials conferences and a lot of positive feedback, 
we are now planning the International Intelligent Materials-IIM 2022 with you and for you. For 
this we invite you to the ATLANTIC Hotel in Kiel from 29 June to 01 July 2022.
Our intention to establish the IIM as an international and interdisciplinary conference with a
continuously growing trade fair is the networking of the international expert community. In the
future, the IIM should become a must-attend event for all disciplines with materials-based 
research, offering scientists from the fields of materials science, physics and chemistry as well as 
developers together with decision-makers an interesting forum for exchange.

Many high-ranking representatives from science and industry are already supporting IIM 2022 
from the planning phase to implementation. First-class lectures, invited presentations, poster 
presentations, workshops and discussions are integrated into numerous sessions to promote 
knowledge and technology transfer. The aim is for findings and trends to flow into applications 
and, conversely, for application aspects to find their way into research.

Smart materials, intelligent, responsive or adaptive (bio)materials as well as bioinspired,
neurotronic and other network materials form the core topics of the conference for 2022. But 
other current topics are of course also included in the broad portfolio of IIM 2022 and offer 
ample space for discussion and extensive professional exchange.

We look forward to seeing you and your extraordinarily high quality contributions in Kiel and 
remain yours sincerely

Prof. Dr. Rainer Adelung
Functional Nanomaterials, Institute for Materials Science, Faculty of Engineering

Prof. Dr. Kai Rossnagel
Working Group ˝Solid State Research with Synchrotron Radiation“, Institute of Experimental and Applied 
Physics, Faculty of Mathematics and Natural Sciences
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The Conference

Discription

The conference requested here had no direct predecessor. The conference is aimed at an
audience oriented towards materials science, but in an interdisciplinary sense, i.e. covering
topics from solid-state physics to biomaterials. The scientific goals can be best illustrated at 
hand of the successful Euro Intelligent Materials conference series which was held at the 
same place, which is now being expanded to include solid-state and surface physics.
The “Euro Intelligent Materials” conference series was first time held in 2013. Since than in a 
two year rhythm till 2019, the conference brought together experts from Germany, Europe 
and even worldwide in the field of materials with smart or intelligent integrated
functionalities as well as in high resolution analytical methods, who have their backgrounds in 
the bio sciences, chemistry, materials science, engineering, physics and medicine com-
munities. In 2021, due to Corona the conference could not be performed.
The last conference in 2019, the 4th Euro Intelligent Materials 2019 symposium was a great 
success. In detail, It covered many aspects of smart materials, multifunctional composites, 
bioinspired materials, multiferroics, biofunctional materials and theory and characterization of 
intelligent materials. The conference attracted leading international experts that gave
keynote/invited lectures about energy materials, bioactive materials, magnetoelectric compo-
sites or smart network and framework nano- and micro materials. To name a few, Prof. Zhong 
Lin Wang from Georgia Tech, one of the most cited scientists of our time (h-factor>250), pro-
vided insides in nanoscale energy generators in an adjoint evening session. Prof. Ali Khadem-
hosseini (those time at UCLA) is best known for developing hydrogels for tissue engineering 
and bioprinting and brought insights into the latest developments of intelligent biomaterials. 
Julia R. Greer from Caltec showed in her talk the high performance microlettice structure and 
their adaptive bahaviour as microscale high performance shock absorbers.
The Conference was like a large exchange dialog platform between the national and
international participants on the field of intelligent materials. Thus, the three-day-symposium 
came up as a discussion panel for researchers, manufacturers, and users of intelligent
materials. The meanwile established concept with two parallel sessions gave all participants a 
chance to make the most of their time in presentations of personal interest during the
symposium.
In addition to 50 registered and invited lectures, the program of the conference included 
special program items as well such as a “Women in Science and Engineering Breakfast”. This 
workshop included different theme tables covering various family and career topics. The 
following topics were offered:
1. Career and family: Balancing life and work! Experiences of female scientists with child-

ren.
2. Career strategies I: Academia vs. Industry: pros and cons.
3. Career strategies II: Career promotion after the PhD/Post-Doc: Funding opportunities in 

the German science sector.
4. Career strategies III: Challenges women face when they climb the career ladder: Ex- 

perieces and strategies.
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The Conference

Discription

Four outstanding female scientists (Cornelia Lee-Thedieck (University of Hannover), Christelle 
Prinz (Lund University, Sweden), Christine Selhuber-Unkel (Kiel University), Anne Staubitz (Uni-
versity of Bremen)) were talking with students, PhD-students and Post-Docs and exchanged their 
knowledge and experiences. The event was fully booked, and the participants enjoyed the infor-
mal setting and relaxed atmosphere in which they could exchange each other on the different 
topics. In the form of a poster exhibition, they were able to present and discuss their research 
and then, at this year‘s first ˝Speed Dating“, get in touch with established scientists. The three 
best posters were awarded a prize and have traditionally been honored during the
conference dinner.
The goal of the “IIM 2022” will be to attract international scientists on the similar world leading 
level like the ones described above at the 4th Euro Intelligent Materials conference in order to 
connect them and their research to the researchers here in Germany within the scope of the 
latest developments on intelligent materials including now solid state and surface science topics 
as well.
The field appears to pick up speed mainly driven by the demand in health and energy.
This is reflected in the recently larger DFG funded projects in Germany like the Collaborative 
Research Centre 1459 in Münster on “Intelligent matter: From responsive to adaptive 
nanosystems”.
In Kiel, within the framework of the running DFG CRC 1261 the CRC 1461 and the RTG 2154 the 
same trends on intelligent matter are dealt with, which is to implement non-intrinsic functions 
into materials that are intrinsically static and give them smart functionality. This might be 
illustrated by the latest publications of the proponents, e.g. E. Quandt showed with colleges in 
the just accepted article “Exploding and weeping ceramics” in Nature (2021), how “a diversity of 
behaviors - from reversible at one extreme to explosive at the other - is possible in a chemically 
homogeneous ceramic system by manipulating conditions of compatibility in unexpected ways”. 
R. Adelung showed with colleges in the article in press “Electrically powered repeatable air
explosions using microtubular graphene assemblies” in Materials Today (2021)
(j.mattod.2021.03.010) an electrically powered very rapid pneumatic actuator with highest ob-
served output power densities (>40 kW kg⁻¹) at strains of ~100% from a static graphene sample 
interconnected in a novel manner.
These trends in Kiel and Germany should be discussed, compared and matched with the
international colleges. Furthermore, successful formats like the above described “Women in
Science and Engineering Breakfast” should strengthen our gender equality measures in an
international environment.

COLLABORATIVE PRIORITY PROGRAMMES REPRESENTED IN 2022

 ▪ Collaborative Research Center CRC 1261

 ▪ Research Training Group RTG 2154

 ▪ Collaborative Research Center CRC 1461
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INTERNATIONAL INTELIGENT
MATERIALS-IIM2022

Be Part of the Conference!

SUBMIT YOUR CONTRIBUTION 

NOW!

Call for Abstracts
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The Topics Chairs

Topic 1: Networked Matter
"Finding interesting effects, understanding them and bringing them 
into new applications is my motivation for nanostructure research. 
Recently, we have had the opportunity to build matter from a few 
atoms and to analyse it. Fascinating is thereby  the universal applicabi-
lity of nanostructures: for example, a few metallic atoms can form sen-
sitive sensors as nanowires on the one hand and be used in medicine 
because of their antibacterial effect on the other."
Rainer Adelung has been Professor of Materials Science (Heisenberg 
Professorship) at Christian-Albrechts-Universität since July 2007. Pre-
viously scientific assistant at the Institute for Materials Science at CAU. 
He was born in Detmold. He received his doctorate from Kiel Universi-
ty (CAU) in 2000 and his habilitation in 2006.

Rainer Adelung
Kiel University
Germany

Topic 2: Materials for Energy & Information
Professor Valeria Nicolosi is Chair of Nanomaterials and High
Resolution Microscopy in the School of Chemistry at Trinity College 
Dublin (TCD) and Research Director in the Science Foundation Ireland 
Research Centres AMBER and I-Form. She is Director of the EPSRC/SFI 
Centre of Doctoral Training in Advanced Characterisation of Materials 
at TCD.
Nicolosi received a BSc (Hons) in Industrial Chemistry from the Uni-
versity of Catania (Italy) and a Ph.D. in Physics from the University of 
Dublin, Trinity College in 2006. In February 2008, she moved to the 
University of Oxford as a Marie Curie Fellow to work in the field of 
high resolution electron microscopy. In April 2008, she was awarded a 
Royal Academy of Engineering/EPSRC Fellowship.
In 2012, she returned to Trinity College Dublin as a Research Professor. 
In 2016, she was appointed to the Chair of Nanomaterials and Modern 
Microscopy. She is the first woman to hold a chair in the School of 
Chemistry since Trinity College Dublin was founded in 1592

Valeria Nicolosi
Trinity College Dublin
Ireland

Topic 3: Materials for Bio and Medicine
Thomas Rades has gained an international reputation through its 
research in the field of physical characterization of solid dosage forms 
of drugs as well as vaccine delivery using nanoparticle systems (both 
polymer and lipid based)

Thomas Rades
University of Copenhagen
Denmark
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The Sessions

SESSION A: Functional Network Materials

SESSION B: Smart Intervention Materials for Health

SESSION C: Smart Energy Materials and Devices

SESSION D: Memristive & Neuromorphic Materials and 
Devices

SESSION E: Magnetoelectric Materials, Composites, and 
Devices

SESSION F: Hybrid Quantum Materials

SESSION G: Biohybrid Materials

SESSION H: Hot Topic Materials



13

Program Committee

Regine Willumeit-Römer
Helmholtz-Zentrum Hereon, Germany

Thomas Rades
University of Copenhagen, Denmark

Jeffrey McCord
Kiel University, Germany

Valeria Nicolosi
Trinity College Dublin, Ireland

Kai Rossnagel
Kiel University, Germany

Hermann Kohlstedt
Kiel University, Germany

Rainer Adelung
Kiel University, Germany
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Program Overview

Mi., 29.06.2022

08:00 Registration

11:30 Welcome

12:00 Opening

12:15 Invited Lecture:
Felice Torrisi

Nian Sun
Xinliang Feng

13:45 Break

14:15 Invited Lecture:
Ion Tiginyanu

Svetlana Mintova
Jaana Vapaavuori

15:45 Break

16:15 Lecture Lecture

18:15 Boat Tour with evening reception

22:00 END
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Do., 30.06.2022

08:00 Invited Lecture:
Thomas Rades
Nicola Pugno

Berit Zeller-Plumhoff
Zeynep Altintas
Martin Salinga

10:30 Break

11:00 Lecture Lecture

13:00 Lunch

13:45 Lecture Lecture

15:30 Poster Session

16:45 Invited Lecture:
Eckhard Quandt
Richard D. James

17:45 Poster Honour

KiNSIS Award Ceremony and Diels Planck Lecture

Evening reception

22:00 END

Fr., 01.07.2022

08:00 Women in Science and Engineering Breakfast

10:00 Invited Lecture:
Carsten Ronning

Joshua A. Robinson

11:00 Break

11:15 Lecture Lecture

13:00 Lunch

13:45 Lecture Lecture

15:30 Laboratory tour

16:15 END

Program Overview
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Sessions short Description

SESSION A: 
Functional Network Materials

Functionality in materials can be affected by the addition of porosity or free volume that 
tailor materials into networks. Thus, in contrast to their bulk counterparts, materials can 
be given novel mechanical, electrical, sensory, actuatory, or optical properties to name 
a few. Such functionality can be created by self-organization, top-down or bottom-up 
fabrication like additive manufacturing.

SESSION B:
Smart Intervention Materials for Health

Implant materials or drug delivery devices are constantly being optimized in terms of 
their effects in space (for local therapy) and time (for optimal therapeutic effect). Instead 
of flooding the body with medication or creating permanent static implants, timely drug 
delivery in a localized space can harbor maximum drug efficacy with minimum side
effects. Such triggers can be implemented by smart switching inside of the materials 
themselves or combined with complex structuring to facilitate controlled localized
treatments.
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Sessions short Description

SESSION E: 
Magnetoelectric Materials, Composites, 
and Devices

Magnetoelectric materials combining piezoelectric and magnetostrictive properties can 
be used, for example, as magnetoelectric sensors that detect magnetic signals from the 
human body, specifically the brain or heart, and convert them into electrical signals. The 
approach may thus lead to the development of medical sensors for improved biomagnetic 
diagnostics. Another field of application is in miniaturized actuators for carrying out tiny 
movements in a controlled manner for, e.g., smart robotics.

SESSION F: 
Hybrid Quantum Materials

Hybrid quantum materials and devices give rise to novel emergent electronic properties by
materials combination of, e.g., classical metals and semiconductors with correlated
insulators, superconductors, or topological materials. They can be built in a very controlled 
way from 2D materials or combinations of 2D materials with nanostructures and open up 
new possibilities in the physics and application of quantum transport phenomena. Of
particular interest are the combination of low-dimensional materials with new electronic 
device concepts or measurement techniques and their applications in, e.g., photonics, 
sensors and quantum computing.



18

Sessions short Description

SESSION C:
Smart Energy Materials and Devices

The demand for energy is constantly increasing and the need for clever usage and power
distribution is higher than ever. Technical and social developments such as electricity 
from renewable energy sources demand for new energy materials and components from 
power electronics to distribute electrical power intelligently and in line with the demand. 
Thin film technologies, 3D architectures or complete integration of smart transformers 
can all play their part in achieving a smart grid to counteract overloads and outages. 
Energy storage done by supercapacitors or novel battery strategies also play a crucial role 
in the interconnected smart power nets of the future.

SESSION D:
Memristive & Neuromorphic Materials 
and Devices

Memristive materials are able to “remember” the previous charge flow and are changing 
their electrical resistance accordingly. With these electronic memory components, the 
biological paradigms of information processing in networks like learning and memorizing 
can be imitated. This can lead to completely new, enegy-efficient hardware for
information technology and may lay the groundwork for a next generation of computer 
architectures and technologies with applications in sensor technology, robotics or auto-
nomous vehicles.
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SESSION G:
Biohybrid Materials

The integration of living cells and tissues or simply active natural molecules with synthetic 
materials can yield completely new applications not feasible otherwise because of comple-
xity or biocompatibility. A wide range of bioactive nano- and micromaterials can be merged 
with the functionalities of living tissue to realize applications, for example, in soft robotics 
or implants. The tailoring of implant surfaces with biomolecules such as individual proteins, 
DNA or designed cell films can improve their biocompatibility, while the combination of 
muscle cells with electrically conductive nanomaterials may lead to new robot designs.

SESSION H:
Hot Topic Materials

Intelligent materials are understood in the narrower sense to be materials that have been
specially developed to react independently in a certain way to changing environmental
conditions. In a broader sense, it includes all materials whose properties can be influenced 
by active control in a way that is not possible with ordinary materials.Either way, all ma-
terials that can contribute to allow intelligent functions or even perform them which you 
consider as novel are welcome in this category.

Sessions short Description
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Scientific program

09:00 Foyer: 1 Registration

11:30 Förde: 1 Welcome
12:00 Förde: 1 Opening: Eckhard Quandt

12:15 Förde: 1 INVITED LECTURES

12:15 Foyer: 1 Felice Torrisi:
Nanostructured films of two-dimensional materials: electronic transport, printed
heterojunctions and wearable electronics

12:45 Nian Sun:
Ultra-compact Magnetoelectric Mechanical Antennas from VLF to UHF

13:15 Xinliang Feng:
Advances in Organic 2D Crystals

13:45 Foyer: 1 Break

14:15 Foyer: 1 Ion Tiginyanu:
Nature-inspired floating rafts and liquid marbles driven by electric/magnetic 
fields and surface-tension gradients

14:45 Svetlana Mintova:
Smart Nanosized Zeolites for Versatile Applications

15:15 Jaana Vapaavuori:
Plant-based carbon-negative functional materials for emerging and established 
applications

15:45 Foyer: 1 Break

16:15 Förde 2/3 LECTURES

16:15 Förde 2/3 Session: A & D / Förde 2 Session: C / Förde 3

16:15 Förde 2/3 Moritz Paulsen:
Towards light-stimulated growth of 
axonal connections for artificial neural 
networks

Helge Krüger:
Alternate Pulse Galvano-static Cycling 
of Lithium Sulfur Batteries

16:30 Tobias Spratte:
Microstructured Stimuli Responsive 
Hydrogel Actuators

Jakob Offermann:
Surface Structuring of Aluminum Foils 
for Improved Coating Adhesion of 
Battery Electrodes

16:45 Hamzeh Beiranvand:
Closed-Form Solution of the Si-Anode 
Microwire Solid-Phase Diffusion in 
Silicon Batteries

Wednesday, 29 Jun 2022
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Scientific program

16:45 Förde 2/3 LECTURES

16:45 Förde 2/3 Session: D / Förde 2 Session: G / Förde 3

16:45 Förde 2/3 Martin Ziegler:
Redox-based Memristive Devices for 
Neuromorphic Systems

17:00 Torge Hartig:
Aero-hydrogel cell scaffolds via initiated 
Chemical Vapor Deposition

17:15 Wilfred G. van der Wiel:
Material learning

Birte Hindenlang:
Investigating functional implant 
materials using in situ micro computed 
tomography

17:30 Muqsit Pirzada:
NN

17:45 Maximiliane Noll:
Synchrony of relaxation-type oscillators 
coupled during nanoparticle network 
growth

Shin, Su Ryon:
Engineering nano-biomaterials for tissue 
fabrication and regenerative medicine

18:00 Franz Faupel:
Dynamic Resistive Switching Phenomena 
in Nanoparticle Assemblies

18:15 END of the Session

18:40 Boat Tour with evening reception

22:00 End of the first day

Wednesday, 29 Jun 2022
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Scientific program

08:00 Förde: 1 INVITED LECTURES

08:00 Förde: 1 Thomas Rades:
Amorphous drugs and formulations

08:30 Nicola Pugno:
Mechanics of tetrapods and related networks

09:00 Berit Zeller-Plumhoff:
Non-destructive, multiscale in situ characterization and modeling of functional 
biomaterials

09:30 Zeynep Altintas:
Functional polymers as synthetic affinity materials for biosensing applications

10:00 Martin Salinga:
Brain-inspired computing based on phase-change materials

10:30 Foyer: 1 Break

11:00 Förde 2/3 LECTURES

11:00 Förde: 2/3 Session: E / Förde 2 Session: B / Förde 3

11:00 Denys Makarov:
Skin conformal and printable
magnetoelectronics for human 
machine interfaces and soft robotics

Andrea Heinz:
Polymer-based biomaterials for wound 
healing

11:00

11:30 Patrick Hayes:
Converse Magnetoelectric Thin Film 
Sensors Towards Biomagnetic
Measurements

Jalil Nourisa:
A numerical approach in investigating 
the osteogenic activities of 
mesenchymal stem cells in response to 
Mg₂ + ions

11:45 Lars Thormählen:
DC and RF sputter deposited thin films 
for magnetic field sensor

Yu Sun:
Pre-clinical rodent models in
translational research of intelligent 
biomaterials for treating
musculoskeletal diseases: Literature 
review and 3D methods to improve 
experimental planning.

12:00 Patrick Wiegand:
Delta-E Effect Magnetic Field Sensors for 
Sensor Arrays

Ole Behrmann:
A micromanufactured porous solid phase 
for nucleic acid adsorption

Thursday, 30 Jun 2022
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Scientific program

Thursday, 30 Jun 2022
12:15 Förde 2/3 LECTURES

12:15 Förde: 2/3 Session: H / Förde 2 Session: D / Förde 3

12:15 Sven Schultzke:
Photomechanical bending of polymeric 
liquid crystalline elastomers (LCEs) with 
visible light

Mady Elbahri:
The Bioshell concept emerging meso-en-
semble nanocrystalloids “Melloids” with 
Polarizonic response

12:30 Johannes Abel:
Development of 3D Printing for 
NiTi-components by Fused Filament 
Fabrication (FFF) and Addition of Filigree 
Structures by Laser Powder Bed Fusion 
(LPBF)

12:45 Dahnan Spurling:
Aerosol-Jet Printed 3D Ti3C2Tx MXene 
Microsupercapacitors

13:00 Foyer: 1 Lunch

13:45 Förde 2/3 Session: H / Förde 2 Session: D / Förde 3

13:45 Wolfram Pernice:
Photonic non-von Neumann computing

Roshani Madurawala:
Dynamically reconfigurable liquid elec-
tronics for integrated memristive neuro-
morphic computing

14:00 Jan Trieschmann: 
Toward simulation and data-driven
directives for processing of memristive 
devices

14:15 Richard Marquard:
Sputter deposition of a ferroelectric 
MIM-Capacitor based on NbN and HfO₂

14:30 Rouven Lamprecht:
Analogue switching in SiOx/Cu/SiOx 
memristive devices

Alena Nierhauve:
In Operando Soft X-Ray Photoemission 
Spectroscopy of 2D Material Devices

14:45 Philipp Schadte:
Additive Manufacturing of Silica Glass 
and Zirconia via Laser Assisted Direct 
Ink Writing

Benjamin Spetzler:
Numerical Modeling of Memristive Devices 
and Crossbar Arrays

15:00 Sreetosh Goswami:
Molecular building blocks for the next 
generation of computing

15:15

15:30 Foyer: 1 Poster Session & Break
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Scientific program

Thursday, 30 Jun 2022
15:30 Förde 1 POSTER SESSION & BREAK

Felix Harden:
Precise non-assembly mechanisms by 4D-printing
Sebastian Meyer:
Electrical resistance testing for biodegradable magnesium implants
Lasse Wegner:
New electrically conductive composite materials for reversible water adsor-
ption
Jannick Jacobsen:
Battery Research at Kiel University from fundamentals to industry
Felix Steinke:
A new photochromic metal-organic framework: Turn-on luminescence through 
a variety of physical stimuli
Tammo Zimmermann:
In Operando Soft X-Ray Photoemission Spectroscopy of TaS2 and HfS2 based 
memristive devices
Dana Hellmold:
An AT101-loaded drug-releasing mesh for localized Glioblastoma treatment
Jana Meyer:
SAW Magnetic Field Sensors based on thin film AlScN
Sven Malte Krümpelmann:
Digital Light Processing Technologies of Osteoinductive Scaffolds of a
Spongiosa-like Structure
Fatemeh Chahshouri:
Charting excitons-photon interactions in WSe2 beyond the non-recoil
approximation
Florian Diekmann:
In operand soft X-ray spectroscopy of the plasma-solid interface with PISA
Nils Wind:
Multispectral time-resolved energy-momentum microscopy using high-harmo-
nic extreme ultraviolet radiation

16:45 Förde 2 & 3 INVITED LECTURES
16:45 Förde 2 & 3 Eckhard Quandt:

THE ROLE OF COMPATIBILITY IN SHAPE-MEMORY OXIDE CERMANICS
*combined talk given by Eckhard Quandt and Richard D. James

17:15 Richard D. James:
THE ROLE OF COMPATIBILITY IN SHAPE-MEMORY OXIDE CERMANICS

17:45 Break
18:30 Poster Honor

Diels Planck Lecture & KiNSIS Awards Ceremony

20:00 Förde 1 Evening Reception
22:00 End of the second day
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Special Events

08:00 Förde 1 
&Foyer 1

Women in Science and Engineering 
Breakfast 

 
 

09:00 Material Exchange Bazaar & Meet the 
Locals

10:00 Förde 2 & 3 INVITED LECTURE
10:00 Förde 2 & 3 Carsten Ronning:

Hybridized semiconductor nanowire lasers

10:30 Joshua A. Robinson:
2D Polar Metals and Heterostructures

11:00 Break

11:15 Förde 2/3 LECTURES

11:15 Förde2/3 Session: B / Förde 2 Session F / Förde 3

11:15 Norbert Stock:
Tunable Metal-organic Framework Materi-
als for Versatile Applications

Simon Marotzke:
Investigation of the magnetic and 
electronic properties of topological insu-
lator/ferromagnet heterostructures

11:30 Fatemeh Davoodi:
Plasmon-Exciton Interactions in Na-
nometer-Thick Gold_WSe₂ MultiLayer 
Structures

11:45 Fabian Schütt:
Functional Network Materials by Effective 
Assembly of 1D and 2D Nanomaterials

Masoud Taleb:
Investigating strong exciton-plasmon 
interactions in a hybrid WSe₂-Au lattice 
using cathodoluminescence spectros-
copy

12:00 Markus Scholz:
One-stop imaging of electronic and 
structural dynamics at the molecule-2D 
quantum material interface

12:15 Jan Schardt:
Fabrication and characterization of
nanostructured photocatalytic Titanum 
Dioxide towards local gold growth on a 
nanoscale

12:30 Yogendra Kumar Mishra:
Tetrapods based Smart Materials for 
Advanced Technologies

Chithra H. Sharma:
Electron-Spin-Resonance in a proximi-
ty-coupled MoS₂/Graphene van-der-
Waals heterostructure

Friday, 01 Juli 2022

Scientific program
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Scientific program

Friday, 01 Juli 2022
13:00 Foyer 1 Lunch

13:45 Förde 2/3 LECTURES

13:45 Förde 2/3 Session: E / Förde 2 Session B / Förde 3

13:45 Viktor Schell:
Exchange Biasing of Surface Acoustic 
Waves Magnetic Field Sensors

Margarethe Hauck:
Reservoir-based drug delivery system for 
localized treatment of brain tumors

14:00 Elizaveta Golubeva:
Multi-level model for intrinsic ther-
mal-magnetic noise and magnetic sensiti-
vity of magnetoelastic sensors

Jan Dittmann:
Thermodynamically consistent single 
crystal plasticity modelling of
magnesium including slip and twinning

14:15 Dirk Meyners:
Magnetoelectric magnetic field sensors

Gerrit Andresen:
Antiviral and antibacterial activity of zinc 
oxide tetrapods

14:30 Bavya Mavila Chathoth:
Investigation on the degradation and 
cellular effects of Mg microparticles 
(beads) as potential therapeutics for 
Osteoarthritis

14:45 Greg Carman:
Progress on Magnetoelectric Devices 
from Microelectronics to Antennas

Regina Scherließ:
Particle engineering for pulmonary 
delivery

15:15 Samim Ansari:
An Efficient Search for Secure Cloud 
Storage using Block-chain

Rafael Ashkrizzade:
Piezoelectric thin films of AlN and AlScN 
for tactile sensors

15:30 CAU Laboratory tour
Meetingpoint: Hotel main entrance at 15:30

16:30 End of the Conference
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Nanostructured films of two-dimensional materials: electronic transport, printed heterojunc-
tions and wearable electronics

Dr Felice Torrisi
Molecular Science Research Hub, Imperial College London, UK

Wearable electronics is a primary technology to enable remote healthcare provision, which is 
highly important in a post-pandemic society. Graphene and related 2D materials (GRMs) hold 
a great potential for wearable electronics for their novel electrical and optical properties. In 
particular low temperature production and deposition of nanostructured GRM films (fig.1a) from 
GRM-based solutions is extremely attractive for printed flexible and wearable electronics. [1, 2] 
GRM-based inks enable a large range of printed device and integration options, such as digital, 
lithographic printing and roll-to-roll coating, which are ideal to deposit nanostructured GRM 
films. Liquid Phase Exfoliation (LPE) of bulk precursor layered materials (such as graphite, MoS₂ 
crystals, etc.) is a scalable approach ideally suited to produce inks. However, the low-yield of the 
LPE process, the absence of deposition parameters and the undetermined transport properties 
of the GRMs have limited the full scale applications of these materials in printed and wearable 
electronics. I will give a brief overview on the development of high-yield, cost-effective and
large-scale production techniques for GRM-based inks, and the portfolio of reproducible deposi-
tion processes enabling GRM-based printable devices on flexible and textile substrates (fig.1b).
[3] Then I will show how careful tuning of the flakes-substrate surface interaction and GRM 
deposition process enables hybrid heterojunctions from 2D materials (fig.1c), achieving mobility 
> 150 cm² V⁻¹ s⁻¹ at room temperature. [4] Finally, I will demonstrate how the understanding of 
the electronic transport in printed networks of 2D materials [5] paves the way to a platform of 
advanced inks for high-performance inkjet- printed integrated circuits [6] (fig.1d).

[1] F. Torrisi et al. ACS Nano, 6, 4, 2992 (2012) 
[2] F. Torrisi & J. N. Coleman  Nature Nanotechnol. 9, 10, 738, (2014) 
[3] S. Qiang et al. Nanoscale 11, 20, 9912 (2019) 
[4] T. Carey et al. Nature Commun., 8,1202, (2017) 
[5] E. Piatti, A. Arbab et al. Nature Electron. 4, 893 (2021) 
[6] T. Carey et al. Adv. Electron. Mater. 2100112 (2021)
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Ultracompact Magnetoelectric Mechanical Antennas from VLF to UHF

Nian Sun
W.M. Keck Laboratory for Integrated Ferroics, & ECE Department, Northeastern University,

Boston, MA, USA

The coexistence of electric polarization and magnetization in multiferroic materials provides 
great opportunities for realizing magnetoelectric coupling, including electric field control of 
magnetism, or vice versa, through a strain mediated magnetoelectric coupling in layred
magnetic/ferroelectric multiferroic heterostructures. Strong magnetoelectric coupling has 
been the enabling factor for different multiferroic devices, which, however, has been elusive, 
particularly at RF/microwave frequencies. In this presentation, I will cover the most recent 
progress on new integrated RF magnetoelectric antennas [1-10]. Specifically, we will introduce 
magnetoelectric multiferroic materials and their applications in ultracompact
magnetoelectric mechanical antennas immune from ground plane effect with < λ0/100 in size, 
self-biased operation, excellent impedance matching and ground plane immunity. These
magnetoelectric antennas are also smart antennas with picoTesla magnetic field sensitivity, 
and with orders of magnitude improved figure of merit for wireless power, transfer compared 
to state-of-the-art technologies. These novel magnetoelectric materials and antennas show 
great promise for applications in compact, lightweight and power-efficient sensors, antennas 
and tunable components for radars, communication systems, biomedical devices, IoT, etc.

Reference:
1. Xianfeng Liang, et al. Nature Communications, under review.
2. Mohsen Zaeimbashi, et al, Nature Communications, 12, 3141 (2021).
3. C. Dong, et al. IEEE Antennas and Wireless Propagation Letters 19 (3), 398-402 (2020).
4. H. Chen, et al. Applied Physics Letters 117 (17), 170501 (2020).
5. X. Liang et al. Sensors 20 (5), 1532
6. J. Wang, et al. Physical Review Applied 12 (3), 034011 (2019).
7. M. Zeimbashi, IEEE Journal of Electromagnetics, RF and Microwaves in Medicine and Biology,
 3, 206 (2019).
8. H Lin, et al, MRS Bulletin, 43 (11), 841-847 (2018).
9. C. Dong, et al. Applied Physics Letters 113 (26), 262401 (2018).
10. T. Nan, et al. Nature Comm. 8, 296 (2017). 
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Advances in Organic 2D Crystals

Xinliang Feng
Center for Advancing Electronics Dresden & Faculty of Chemistry and Food Chemistry,

Technische Universität Dresden; Max Planck Institute of Microstructure Physics, Germany
xinliang.feng@tu-dresden.de

The discovery of graphene has triggered a new paradigm of two-dimensional (2D) crystal mate-
rials. They are characterized by a periodic network structure and topographical thickness at the 
atomic/molecular level, enabling the investigation of fundamental exotic physical and chemical 
properties down to a single-layer nanosheet. Thereby, robust technologies and industrial
applications, ranging from electronics and optoelectronics to energy storage, energy con-
version, membranes, sensors, and biomedicine, have been inspired by the discovery and
exploration of such new materials.
In contrast to the tremendous efforts dedicated to the exploration of graphene and inorganic 
2D crystals such as metal dichalcogenides, boron nitride, black phosphorus, metal oxides, and 
nitrides, there has been much less development in organic 2D crystalline materials, including the 
bottom-up organic/polymer synthesis of graphene nanoribbons, 2D metal-organic
frameworks, 2D polymers/supramolecular polymers, as well as the supramolecular approach 
to 2D organic nanostructures. One of the central chemical challenges is to realize a controlled 
polymerization in two distinct dimensions under thermodynamic/kinetic control in solution and 
at the surface/interface. In this talk, we will present our recent efforts in bottom-up synthetic 
approaches towards novel organic 2D crystals with structural control at the atomic/moleclar
level and beyond. We will introduce a surfactant-monolayer assisted interfacial synthesis 
(SMAIS) method that is highly efficient to promote programmable assembly of precursor 
monomers on the water surface and subsequent 2D polymerization in a controlled manner. 2D 
conjugated polymers and coordination polymers belong to such materials classes. The unique 
structures with possible tailoring of conjugated building blocks and conjugation lengths, tunable 
pore sizes and thicknesses, as well as impressive electronic structures, make them highly pro-
mising for a range of applications in electronics and spintronics. Other application potential of 
organic 2D crystals, such as in membranes, will also be discussed.
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Nature-inspired floating rafts and liquid marbles driven by electric/magnetic fields and 
surface-tension gradients

Ion Tiginyanu
National Center for Materials Study and Testing, Technical University of Moldova, Stefan cel Mare av. 168, 

Chisinau 2004, Republic of Moldova

The modern market requires new multifunctional materials compatible with both electronics 
and living organisms. In this presentation, we report on novel bio-inspired hybrid nanoma-
terials – the so-called aero-materials based on wide-band-gap semiconductor compounds. 
In particular, we report on (a) aero-GaN and related aeromaterials representing the first 
artificial materials exhibiting dual hydrophobic-hydrophilic behaviour (https://physicsworld.
com/a/hydrophobic-or-hydrophilic-aero-gallium-nitride-is-both/); (b) self-healing waterproof 
rafts consisting of micro-tubular structures self-organizing when interacting with water; (c) 
self-propelled rotating liquid marbles fabricated using hollow microtetrapods of GaN and 
of other wide-band-gap compounds; (d) elongated-spheroid-like liquid marbles exhibiting 
self-propelled pulsed rotation on the water surface characterized by a threshold speed of 
rotation. The possibility to control the motion of floating rafts and liquid marbles by applying 
electric/magnetic fields and surface-tension gradients will be demonstrated. The physical 
properties of aeromaterials under consideration will be presented in the context of prospects 
for applications in bioreactors and pressure sensors, as photocatalysts and shields against 
electromagnetic radiation in both the X-band and Terahertz regions, in microfluidics [1-6], 
etc. The support from the European Commission under the Grant #810652 "NanoMedTwin" 
(Horizon-2020) and from NARD under the Grant #20.80009.50007.20 is acknowledged. [1] I. 
Tiginyanu et al, Nano Energy, Vol. 56, 759-769 (2019); [2] I. Plesco et al, AIP Materials, Vol. 8, 
061105 (2020); [3] M. Dragoman et al, Nanotechnology, Vol. 30, 34LT01 (2019); [4] T.
Braniste et al, Nanomaterials, Vol. 10, 1047 (2020); [5] T. Braniste et al, Semicond. Sci.
Technol., Vol. 34, 12LT02 (2019); [6] I. Plesco et al, Materials, Vol. 14, 1985 (2021).
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Smart Nanosized Zeolites for Versatile Applications 

Svetlana Mintova
Laboratory of Catalysis and Spectrochemistry, CNRS, ENSICAEN, Normandy University, Caen, France 

School of Chemical Engineering, China University of Petroleum, Qingdao, China 
e-mail: Svetlana.mintova@ensicaen.fr 

The development of affordable and energy-efficient smart materials for the chemicals and 
petrochemicals industry is highly desirable as this sector is the largest industrial consumer 
of energy and the third largest direct emitter of greenhouse  gases. For the past half-century 
zeolites have been a key component in refinement and petrochemistry operations, such as fluid 
catalytic cracking, and continue to be a subject of intense research. Specifically, the develop-
ment of smart nanosized zeolites has attracted significant interest over the last decade due to 
their properties such as high specific surface area and reduced diffusion path length for guest 
molecules.

This presentation will review the progress made in the field of smart nanosized zeolites
including the synthesis, advanced characterization and related applications. A great effort has 
been dedicated in recent years to improve the fundamental understanding of the synthesis pro-
cess, with the overall aim of increasing control over the properties of smart zeolites. The latest 
studies on smart zeolites with small and medium pore sizes crystallizing in colloidal suspensions 
by addition of various inorganic structural directing agents and diverse framework elements will  
be revealed. The one-pot and staged synthesis approaches for preparation of smart nanosized 
zeolites with controlled porous structures, defects and atomically dispersed metals as dfect-
preventing elements will be presented.

Examples on the advanced applications of smart nanosized zeolites in gas separation, catalysis 
and biomedicine will be given. 
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Plant-based carbon-negative functional materials for emerging 
and established applications 

Jaana Vapaavuoria*, Yazan al Haja, Joice Jaqueline Kaschuka, Isaac Benito-Gonzaleza, Fangxin Zoua, 
and Tapio Lokkib

a. Aalto University, Department of Chemistry and Materials Science. Kemistintie 1, 02150 Espoo / P.O. Box  
    16100, FI-00076 Aalto, Finland
b. Aalto Acoustics Lab, Department of Signal Processing and Acoustics, School of Electrical Engineering, 
Aalto      University, P.O. Box 13100, 00076 Aalto, Finland
e-mail: jaana.vapaavuori@aalto.fi

Recent developments towards resource-wise societies and use of renewable materials have 
created a strong incentive to utilize biomass-derived materials as an alternative to oil-based 
polymers. These materials combine large volumes, low cost, and a range of unique functional 
properties depending on the composition of the starting biomaterial. As examples of their im-
plementation to emerging applications, we will discuss third generation photovoltaics and su-
percapacitors. At the other end of application range, at established high-volume applications, 
we will showcase how biowaste can be converted into carbon-negative insulation materials.
Firstly, nanocellulose is emerging as an alternative to conventional components in advanced 
energy appli-cations. The opportunity to utilize plant-based materials is appealing since they 
can fulfil multiple roles both in third generation photovoltaic as well as in energy storage 
devices. We will describe different routes of implementing nanocellulose-based functional 
materials in photovoltaics and supercapacitors, as well as discuss  their feasibility in actual 
deployment. This holistic perspective including device lifetime, performance, and embedded 
energy, is essential for redeeming the promise of producing and storing energy by photovol-
taics based on
renewable, plant-based building blocks.

To zoom into global energy challenge from a different angle, it has been estimated, that in 
United States 12% of the total energy consumption goes into heating and cooling interior 
spaces. Assuming similar percentages in Europe, developing new thermal insulation strategies 
is crucial for the European Commission’s goal of climate-neutral Europe by 2050. Absorption 
of sound energy in porous materials occurs through the interconnected pores due  to viscous, 
thermal, and inertial effects caused by the interaction between the gas and the solid phases. 
For efficient sound energy dissipation in a porous material, it should have a geometry of the 
solid frame that maximizes the interaction of air molecules with the frame. Fabrication of 
highly-
porous biopolymer aerogels and cryogels will thus offer a direct route to a new family of 
potentially carbon-negative light-weight thermal and acoustic insulators. As a proof-of-a 
concept, we will showcase biowaste-derived nanocellulose cryogels, which can exceed the 
acoustic insulator properties of rockwool, the current commercial standard.

In principle, all of these materials can be produced with circular economy closed-loop appro-
aches by using agricultural and industrial biowaste as a raw material. The environmental and 
economic benefits make a great argument for taking advantage of these wastes, and the 
technology and knowledge required is already mostly available. 
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Redox-based Memristive Devices for Neuromorphic Systems

B. Spetzler, S. Park, A. Linkenheil, T. Ivanov, and M. Ziegler
Micro- and Nanoelectronic Systems, Institute of Micro- and Nanotechnologies (IMN) MacroNano®, Techni-

sche Universität Ilmenau, Ilmenau, Germany

Redox-based memristive devices have demonstrated promising properties for their appli-
cation as synaptic elements in neuromorphic computing systems. Depending on the
application, different computational schemes are required and put specific demands on the 
properties and characteristics of the memristive device. The device characteristics are the pro-
duct of a variety of complex mechanisms, such as the electromigration of mobile dopants and 
electronic processes, which can be very sensitive to the interfaces of the layer stack, geometry, 
and material properties. Therefore, electronic and ionic processes need to be precisely tuned, 
which requires a deep understanding of the underlying physical mechanisms and control of the 
fabrication parameters. This talk discusses the challenges and prospects of developing memristi-
ve devices for neuromorphic computing in general and at several
selected examples. We present redox-based memristive elements and show how their proper-
ties can be tailored by systematic design variations for applications in neuromorphic computing 
architectures. In this context, the influence of different oxide layer systems and electrode mate-
rials on the device characteristics is analyzed to assess their properties for neuromorphic com-
puting. The experimental findings are supported by a numerical device model, which connects 
the physical processes with technology parameters, and permits a deeper understanding of 
the origin of the current-voltage hysteresis. Furthermore, we discuss the system integration of 
memristive devices and present memristive device arrays.

This work was partially funded by the Carl-Zeiss Foundation via the Project MemWerk and the 
German Research Foundation (DFG) through the Collaborative Research Centre CRC 1461
"Neurotronics – Bio-Inspired Information Pathway".
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Material learning

W.G. van der Wiel¹’²*

¹BRAINS Center for Brain-Inspired Nano Systems, MESA+ Institute for Nanotechnology, University of 
Twente, P.O. Box 217, 7500 AE Enschede, The Netherlands 
²Institute of Physics, University of Münster, Münster, Germany 
*Email: W.G.vanderWiel@utwente.nl

The strong increase in digital computing power in combination with the availability of large 
amounts 
of data has led to a revolution in machine learning. Computers now exhibit superhuman 
performance 
in activities such as pattern recognition and board games. However, the implementation of 
machine 
learning in digital computers is intrinsically wasteful, with energy consumption becoming pro-
hibitively high for many applications. For that reason, people have started looking at natural 
information processing systems, in particular the brain, that operate much more efficiently. 
Whereas the brain utilizes wet, soft tissue for information processing, one could in principle 
exploit any material and its physical properties to solve a problem. Here we give examples of 
how nanomaterial networks can be trained using the principle of material learning to take full 
advantage of the computational power of matter¹.
We have shown that a ‘designless’ network of gold nanoparticles can be configured into 
Boolean 
logic gates using artificial evolution². We further demonstrated that this principle is generic 
and can be transferred to other material systems. By exploiting the nonlinearity of a nanoscale 
network of boron dopants in silicon, referred to as a dopant network processing unit (DNPU), 
we can significantly facilitate classification. Using a convolutional neural network approach, it 
becomes possible to use our device for handwritten digit recognition³. An alternative material 
learning approach is followed by first mapping our DNPU on a deep-neural-network model, 
which allows for applying standard machine-learning techniques in finding functionality⁴. 
Finally, we show that the widely applied machine-learning technique of gradient descent can 
be directly applied in materia, opening up the pathway for autonomously learning hardware 
systems⁵.

Figure1: Artist’s impression of digit recognition by a dopant network 

processing unit in silicon³.

Figure 2: Artist’s impression of training a dopant network processing 

unit by using a deep neural network⁴.

References 
[1] C. Kaspar et al. Nature 594, 345 (2021) 
[2] S.K. Bose et al. Nature Nanotechnol. 10, 1048 (2015) 
[3] T. Chen et al. Nature 577, 341 (2020) 
[4] H.-C. Ruiz Euler et al. Nature Nanotechnol. 15, 992 (2020) 
[5] M.N. Boon et al. arxiv.org/abs/2105.11233 (2021)
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Engineering nano-biomaterials for tissue fabrication
and regenerative medicine

Su Ryon Shin
Division of Engineering in Medicine, Department of Medicine, Brigham and Women’s Hospital, Harvard 
Medical School, Boston, MA 02139, USA 

E-mail: sshin4@bwh.harvard.edu and shin.lotus@gmail.com

A significant portion or group of tissues are lost or irreversibly damaged by traumatic
incidents. The injured area heals by minimal tissue regeneration and substantial fibrosis rather 
than by the regeneration of tissue, with a subsequent loss of tissue function. Current treatment 
options, such as autologous tissue or allograft transplantations, are  frequently successful.
However, they  still possess significant problems that are related to the formation of new 
defects and increased morbidity, as well, to immunogenicity, the lack of tissue supply, and their 
high cost. Therefore, developing clinically-relevant and functional tissue constructs using patient 
cells has emerged as a potential solution to address current significant issues. 
For emulating the 3D hierarchical microarchitecture of native tissues that are comprised of
multiple cell types and the extracellular matrices (ECM), we developed an advanced
multi-material bioprinting platform that employs self-healing supporting baths and a program-
mable microfluidic-assisted printhead, which is capable of interchanging different cell-laden 
bioinks with ease and rapidity. This advanced bioprinting platform allowed us to fabricate 
complex geometrical structures, such as core-shell, donut, and centimeter-sized biomimetic uni- 
or bi-cellular tissue construct shapes. Furthermore, in order to address the issue of cell survival 
on these bioprinted 3D tissue constructs at the injured area, vascular network formation was 
evaluated. Cell survival on an implant is fully dependent on the oxygen and nutrients supplied by 
the connection to the host vessels, which is essential for improving regeneration of the structure 
and function of the injured tissue. Creating vascular networks to thick and large engineered 
tissue constructs is time-consuming, inducing cell death. Incorporating oxygenating bio-
materials, which immediately provide sufficient amounts of oxygen, could potentially solve this 
issue. We have developed oxygen-generating microparticles containing chemicals that release 
oxygen upon hydrolysis over a period of 2 weeks. The cell-laden constructs encapsulated with 
oxygen-generating microparticles survived their non-perfused phase for more than 2 weeks in 
vitro and showed rapid vascularization in vivo. The successful development of these innovative 
systems is expected to improve tissue regeneration significantly.
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Amorphous drugs and formulations

Thomas Rades1*
1 Department of Pharmacy, Faculty of Health and Medical Sciences, University of Copenhagen,

DENMARK 
thomas.rades@sund.ku.dk

The low water solubility of many low molecular weight drugs continues to be a challenge 
in the development of oral drug formulations, since low water solubility can lead to low or 
variable bioavailability. Amongst the various enabeling formulations that are conceived to 
tackle this challenge, a very promising approach to increase not only the dissolution rate but 
also the apparent solubility of drugs, if the conversion of the crystalline drug material into an 
amorhous form. In this presentation, we will initially discuss the prerequisites for the drug 
material itself to be successfully converted into an amorphous form. The criteria amorphiza-
tion ability, supersaturation propensity and physical stability will be defined and key experi-
ments to address these critical quality attributes will be described. In the second part of the 
presentation, we will discuss amorphous drugs in amorphous solid dispersions with polymers 
and as co-amorphous systems together with another low molecular weight partner molecule 
(co-former). Specifically we will address the questions: how much drug can be loaded into a 
polymeric amorphous solid dispersion and how to find the right co-former molecule and drug 
to co-former ratio.

Selected references for further reading:
Liu J et al. Pharmaceutics 13: 389 (2021)
Kissi EO et al. Journal of Physical Chemistry B 122: 2803 – 2808 (2018)
Blaabjerg LI et al. International Journal of Pharmaceutics 538: 243 – 249 (2018)
Ruggiero MT et al. Phys Chem Chem Phys 19: 30039 – 30047 (2017) 
Blaabjerg L et al. Molecular Pharmaceutics 13: 3318 - 3325 (2016)
Rask MB et al. European Journal of Pharmaceutical Sciences 85: 10-17 (2016)

Keywords: poorly water soluble drugs, amorphous, amorphous solid dispersions, co-amorphous, super-
saturation
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Mechanics of tetrapods and related networks 

by Nicola M. Pugno, University of Trento 

Three-dimensional aerographite networks, built from interconnected hollow tubular tetrapods 
of carbon, are ultra-lightweight materials discovered 10 years ago at the University of Kiel by 
prof. Adelung's group, in collaboration with prof. Schulte's group at the Technical University of 
Hamburg. Such new materials are ideal for advanced multifunctional applications, including 
structural in spite of their extreme low density, thanks to the possibility of changing the con-
stituent tetrapod material, size, shape and their organization in networks. In order to predict the 
bulk mechanical behaviour of tetrapod networks it is very important to understand the mecha-
nics from their individual building blocks. This is the aim of this lecture.

In particular, we show that the overall behaviour of the tetrapod is governed by the buckling of 
the central joint, thus a mechanical nonlinear model was developed introducing the concept of 
the buckling hinge. Finite element method simulations elucidate the governing buckling pheno-
mena. The results are then generalized for tetrapods of different size-scales and shapes. These 
basic findings permit a better understanding of the mechanical response of the related networks 
and the design of similar aerogels based on one-dimensional (e.g. carbon nanotubes) or two-di-
mensional (e.g. graphene) materials. 

R. Meija, S. Signetti, A. Schuchardt, K. Meurisch, D. Smazna, M. Mecklenburg, K. Schulte, D. 
Erts, O. Lupan, B. Fiedler, Y.K. Mishra, R. Adelung, N. Pugno. Nanomechanics of individual 
aerographite tetrapods. NATURE COMMUNICATIONS (2017), 8, 14992.

I. Tiginyanu, T. Braniste, D. Smazna, M. Deng, F. Schütt, A. Schuchardt, M.A. Stevens-Kalceff, S. 
Raevschi, U. Schürmann, L. Kienle, N. Pugno, Y.K. Mishra, R. Adelung. Self-organized and self-
propelled aero-GaN with dual hydrophilic-hydrophobic behavior. NANO ENERGY (2019), 56, 
759-769.

F. Schütt, F. Rasch, N. Deka, A. Reimers, L. Saure, S. Kaps, J. Rank, J. Carstensen, Y. Kumar 
Mishra, D. Misseroni, A. Romani Vázquez, M. R.Lohe, A. Shaygan Nia, N. Pugno, X. Feng, R. 
Adelung. Electrically powered repeatable air explosions using microtubular graphene 
assemblies. MATERIALS TODAY (2021), 48, 7-17.
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Non-destructive, multiscale in situ characterization and modeling 
of functional biomaterials

Berit Zeller-Plumhoff

Many functional materials often contain hierarchical structures that determine their
functionality. To elucidate the relationship between morphology and function, advanced
characterization methods are required, such as synchrotron radiation-based imaging
methods. Using micro and nano computed
tomography in particular, we can visualize features up to 1000 times smaller than the sample 
size non-destructively in 3D and capture for example the influence of precipitates on the 
biodegradation of magnesium alloy implants at resolutions down to 40 nm. In this talk I will 
present use cases for in situ loading and in situ degradation of magnesium-based implants 
both in vitro and ex vivo to highlight the capabilities of the techniques. The unique dynamic 
data and mechanistic understanding that is obtained from in situ tomographic imaging can be 
used for the development and calibration of computational models. Accordingly, I will present 
a model of magnesium biodegradation in simulated body fluid.
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Functional polymers as synthetic affinity materials for
biosensing applications

Zeynep Altintas | Technical University of Berlin, Germany 

The recognition of biomolecules on surfaces or in solution environments plays a key role in all 
processes of life and is technologically utilized in the life science disciplines such as biomedicine. 
Widely used diagnostic tools make use of antibodies recognizing the targeted molecules, but 
additional techniques are required in order to alleviate the disadvantages of antibodies. The 
conformation of biological molecules in these conditions strongly effects the successful
implementation of biosensing platforms for the detection of target molecules as possible
conformational changes lead to decreased sensing signals. To date, artificial protein 
binders have been developed using linear peptides with an unknown structure in epitope 
imprinting process. Despite successful outcomes obtained to some extent, most of these works 
lack of providing either high affinity, selectivity or sensitivity.

We aim to address these problems by performing molecular dynamic calculations for the design 
of high affinity artificial protein binding surfaces for the recognition of disease biomarkers. 
Computational simulations are employed to identify particularly stabile secondary structure 
elements. These epitopes are used for the  subsequentmolecular imprinting, where surface 
imprinting approach is applied. The molecular imprints generated with the calculated epitopes 
of greater stability show better binding properties than those of lower stability. The average
binding strength of imprints created with stabile epitopes is found to be around fourfold higher 
for the selected biomarker models [1]. The artificial protein binders can recognise the target 
molecules even in a complex medium including non-specific molecules at a high concentration 
[1-4]. More- over, certain amino acid modifications of the computationally selected epitope 
templates (e.g. addition of histidine to the peptide chain or cysteine modification on both
terminal of the elongated peptide to form self-assembled monolayer bridges) further improve 
the performance of artificial protein binders [2-4].

This novel and rational selection can be used for establishing epitope libraries for protein
molecules by eliminating unsuitable epitope candidates and ranking the best candidates based 
on their stability analysis obtained from molecular dynamic simulations. In long term, such 
epitope libraries can significantly reduce the application time and research cost. The integrated 
approach has shown a good potential to contribute to  some limitations of medical diagnostic 
field. Research disciplines, such as biomedicine, cell signalling, proteomics, diagnostic and 
biocatalysis, require recognition receptors that can apply this technique for designing stable and 
efficient receptors.

References: 
[1] Z. Altintas et al. Advanced Functional Materials 2019, 29 (15), 1–11.
[2] R. Tchinda, A. Tutsch, B. Schmid, R.D. Sussmuth, Z. Altintas. Biosensors and Bioelectronics 2019, 123, 
      260-268.
[3] J. Drzazgowska, B. Schmid, R.D. Sussmuth, Z. Altintas.  Analytical Chemistry, 2019. 92 (7), 4798-4806.
[4] M. Pirzada, E. Sehit, Z. Altintas. Biosensors and Bioelectronics 2020, 166, 112464.

Invited Lectures



40

Brain-inspired computing based on phase-change materials

Prof. Dr. Martin Salinga
University of Münster 

The strong property contrast between the different solid configurations of phase-change
materials has been utilized for information storage for some years. Inspired by the structure 
and functional principles of the brain, current research explores how memory elements could 
be directly involved in the processing of information. Such computing-in-memory concepts 
are especially attractive for improving the efficiency of powerful neural network algorithms. 
As 
requirements from these new approaches go beyond those of previous mere data storage 
applications, a deepened understanding of the more intricate material properties becomes 
necessary. New insights in this area will be discussed here.
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Skin conformal and printable magnetoelectronics for human-machine interfaces and soft 
robotics 

Denys Makarov
Helmholtz-Zentrum Dresden-Rossendorf e.V., Institute of Ion Beam Physics and Materials Research, Bautz-

ner Landstrasse 400, 01328 Dresden, Germany. E-mail: d.makarov@hzdr.de

Motion sensing is the primary task in numerous disciplines including industrial robotics, pro-
sthetics, 
virtual and augmented reality appliances. In rigid electronics, rotations, displacements and 
vibrations are typically monitored using magnetic field sensors. Here, we will discuss the 
fabrication of flexible [1-3], stretchable [4,5] and printable [5] magnetoelectronic devices. The 
technology platform relies on high-performance magnetoresistive and Hall effect sensors 
deposited or printed on ultrathin polymeric foils. These skin conformal flexible and printable 
magnetosensitive elements enable touchless interactivity with our surroundings based on the 
interaction with magnetic fields [6], which is relevant for electronics skins [3,5], smart wear-
ables [1,4,5], soft robotics [2] and human-machine interfaces [1,3-5,7]. 

[1] P. Makushko et al., “Flexible Magnetoreceptor with Tunable Intrinsic Logic for On-Skin Touchless   
      Human-Machine Interfaces”, Adv. Funct. Mater. 31, 2101089 (2021).

[2] M. Ha et al., “Reconfigurable Magnetic Origami Actuators with On-Board Sensing for Guided  
      Assembly”, Adv. Mater. 33, 2008751 (2021).

[3] G. S. Canon Bermudez et al., “Electronic-skin compasses for geomagnetic field driven artificial  
      magnetoreception and interactive electronics”, Nature Electronics 1, 589 (2018).

[4] G. S. Canon Bermudez et al., “Magnetosensitive e-skins with directional perception for augmented  
      reality”, Science Advances 4, eaao2623 (2018).

[5] M. Ha et al., “Printable and Stretchable Giant Magnetoresistive Sensors for Highly Compliant and   
      Skin-Conformal Electronics”, Adv. Mater. 33, 2005521 (2021).

[6] G. S. Canon Bermudez et al., “Magnetosensitive E-Skins for Interactive Devices”, Adv. Funct. Mater.31,  
      2007788 (2021).

[7] J. Ge et al., “A bimodal soft electronic skin for tactile and touchless interaction in real time”, Nature  
      Communications 10, 4405 (2019). 
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The Bioshell concept emerging meso-ensemble nanocrystalloids “Melloids” with
Polarizonic response

Mady Elbahri, Nanochemistry and Nanoengineering
School of Chemical Engineering

Aalto University Department of Chemistry and Materials Science
Kemistintie 1, 00076 Aalto, Finland 

An insight into the interactive bioshell concept is to be reported here1. The concept is based 
on the design of plasmonic nanoparticle-integrated biomolecules of Bombyx Mori cocoons 
that allows the heterogeneous nucleation and phase transformation in nanoclusters with 
naked-eye detection via coloration, design of self-adhesive catalysts, and the scalable
manufacturing of regenerated biomaterials in different forms. We highlight our finding on the 
biomorphosis of the cocoon-based materials and tactfully demonstrate the formation of a 
new class of nanocrystal, called Melloids, that feature new crystalline phases with anisotropic 
distorted lattice, allowing for the accommodation of metal atoms and organic residues in the 
same unit cell. Several potential applications of the "bioshell" will be discussed and introduced 
such as amorphization of metal clusters at room temperature with naked-eye perceived 
coloration, self-adhesive mesocatalysts biofilms, and silk-based composite and nanofibers that 
possess structural polarizonic colors with angular dependency2,3,4. Therefore, we believe 
that our study introduces a valorized road to sustainable nanotechnology. 

References:
1- Elbahri et al., The Bioshell concept emerging meso-ensemble nanocrystalloids with plasmonic
     monitored phase transformation and self-adhesive meso-catalysis, in revision, adma.202200755R1,
     Advanced Materials, 2022.

2- M Elbahri, M Abdelaziz, S Homaeigohar, A Elsharawy, et al Advanced Materials 30 (4), 1704442, 2018.

3- Reflective coloration from structural plasmonic to disordered polarizonic, M Elbahri, S Homaeigohar,
     MA Assad, Advanced Photonics Research 2 (7), 2100009, 2021 (invited review)

4- Switchable plasmonic nanocomposites, S Homaeigohar and M Elbahri, Advanced Optical Materials 7
     (1), 1801101, 2019 (invited review).
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Photonic non-von Neumann computing 

by Wolfram Pernice 

Conventional computers are organized around a centralized processing architecture (that is, 
with a central processor and separated memory), which is suited to running sequential, digital, 
procedure-based programs. Such an architecture is inefficient for computational models that 
are distributed, massively parallel and adaptive, most notably those used for neural networks in 
artificial intelligence. In these application domains demand for high throughput, low latency and 
low energy consumption is driving the development of not only new architectures, but also new 
platforms for information processing. 
Light is established as the communication medium of telecoms and datacentres, but it has not 
yet found widespread use in information processing and computing. The same properties that 
allow optoelectronic components to excel at communication are at odds with the requirements 
of digital gates. However, non-digital computing models, such as neural networks, could be 
more conducive to being implemented in photonics. The goal of such non-von Neumann photo-
nic processors should not be to replace conventional computers, but to enable applications that 
are unreachable at present by conventional computing technology. Photonic integrated circuits 
meet these requirements and allow for realizing the underlying computing architectures, which 
process optical signals in analogy to electronic integrated circuits. Therein electrical connections 
are replaced with photonic waveguides which guide light to desired locations on chip. Through 
heterogeneous integration, photonic circuits, which are normally passive in their response, are 
able to display active functionality and thus provide the means to build neuromorphic systems 
capable of learning and adaptation. In this talk, I will give an overview of emerging photonic
platforms for developing optical non-von Neumann computing devices. In reconfigurable 
photonic architectures in-memory computing allows for overcoming separation between
memory and central processing unit as a route towards artificial neural networks, which operate 
entirely in the optical domain.
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Toward simulation and data-driven directives for processing
of memristive devices

Jan Trieschmann
Theoretical Electrical Engineering

Faculty of Engineering
Kiel University

Memristive devices have been proposed for bio-inspired information processing, which may 
be achieved by embedding the devices in electrical networks. The resulting system dynamics 
typically reveal nonlinear, non-local behavior. However, the desired network functionality
fundamentally depends on the electrical characteristics of the individual devices, which
relates to their complete fabrication cycle. In particular for nanoelectronic devices, their 
fabrication involves a number of processing steps, which may delicately influence the final 
device characteristics. It is, therefore, crucial to understand the impact of each processing 
step taking into account their statistical variations (i.e., repeatability of the process) and their 
spatial distributions (i.e., inhomogeneity over a wafer).

In this work ,we focus on interface-based memristive devices consisting of a stack of mtal-
oxide and solid-state electrolyte layers sandwiched between two electrodes. The metal-oxide 
is about 1nm thick and establishes an electron tunnel barrier. The solid-state electrolyte layer 
is of the order of a few nm and provides an ionic reservoir. Its contact with the neighboring 
metal electrode results in a Schottky barrier. For both the tunnel contact and the Schottky 
contact, the varied charge-carrier concentration at the respective interfaces cause a local 
change in energy barriers. Consequently, an externally applied electric field may cause ion (or 
vacancy) transport within the solid-state electrolyte, resulting in a memristive behavior of the 
device.

Fabrication of the considered devices involves several subsequent deposition processes. 
Specifically, (reactive) magnetron sputtering or thermal evaporation may be utilized. We 
propose an approach which covers various levels of detail, from the device processing to the 
electrical characteristics of the device: (i) The (reactive) deposition processes are investigated 
by means of Monte Carlo transport simulations on the reactor scale. (ii) The details of the 
atomistic deposition are resolved on the feature scale by kinetic Monte Carlo simulations. (iii) 
A corresponding Monte Carlo transport model depicts the electrical characteristics of the
devices. (iv) Complementary measurements  of the electrical characteristics of the fabricated 
interface-based memristive devices – spatially distributed over the wafer – facilitate a
data-driven correlation with local deposition parameters. In this contribution, the initial steps 
toward this comprising multi-scale simulation and data-driven approach are presented, with 
the goal to suggest a targeted memristive device processing for bio-inspired memristive 
systems.

Funded by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) – Project-
ID 434434223 – SFB 1461 and – Project-ID 138690629 – TRR 87.
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Molecular building blocks for the next generation
of computing 

Sreetosh Goswami
Indian Institute of Science (IISc) Bangalore

Artificial Intelligence (AI) is a concept that has seen many hype cycles arrive and fade as we have 
become overly impressed by our computing machines and then dismayed by our realization of 
the complexity of what brains actually do. In recent years, we might believe that the age of AI 
has  finally arrived as algorithms beat human champions at complex games and the champions 
retire in frustration. However, a look into the backroom reveals that the machines that run these 
algorithms require kilowatts of power to operate, and the amount of preparation and training of 
the algorithms is long and extremely costly. When it comes to functions like intelligence,
cognition, and decision making, any of today’s best computing systems is outperformed by the 
brain by orders of magnitude both in terms of energy and space efficiency. The primary reason 
behind our shortcoming is that we are using conventional passive circuit elements to emulate a 
highly non-linear dynamic operating system of a brain that operates on the verge of chaos.
In this talk, I shall introduce a new generation of molecular circuit elements based on transition 
metal complexes of azo aromatic ligands that can offer a pro- mising way forward. These devices 
overcome all the performance limitations of organic memristors and they are on par with the 
state-of-the-art oxide devices in terms of robustness, stability and scalability. Through molecular 
engineering, these molecular circuit elements can be made to capture unique functionalities 
that are elusive in other materials. For example, complex, reconfigurable, dynamic logic can be 
entrenched in molecular transitions and they can also be poised on the verge of instability. Due 
to functional  diversity, synthetic tunability and ultralow energy operation, these devices could 
be forerunners as the building blocks of the next generation of computing technologies such as 
edge computing, AI and machine learning (ML).
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THE ROLE OF COMPATIBILITY IN SHAPE-MEMORY OXIDE CERMANICS

Eckhard Quandt¹ and Richard D. James²
¹Kiel University, GERMANY

²University of Minnesota, USA

The systematic tuning of crystal lattice parameters to achieve improved kinematic compatibili-
ty between different phases is a broadly effective strategy for improving the reversibility, and 
lowering the hysteresis, of solid–solid phase transformations. Kinematic compatibility refers 
to the fitting together of the phases. Here an apparently paradoxical example is presented in 
which tuning to near perfect kinematic compatibility results in an unusually high degree of
irreversibility. Specifically, when cooling the kinematically compatible ceramic
(Zr/Hf)O₂(YNb)O₄ through its tetragonal-to-monoclinic phase transformation, the polycrystal 
slowly and steadily falls apart at its grain boundaries (a process which is termed weeping) 
(Fig.1a) or even explosively disintegrates. If instead the lattice parameters are tuned to satisfy 
a stronger ‘equidistance’ condition, the resulting material exhibits reversible behavior with 
low hysteresis. These results show that a diversity of behaviors—from reversible at one 
extreme to explosive at the other—is possible in a chemically homogeneous ceramic system 
by manipulating conditions of compatibility in unexpected ways. These concepts could prove 
critical in the current search for a shape-memory oxide ceramic (1).

In the first part E. Quandt will present the experimental results, while in the second part R. 
James will discuss the theoretical part.

REFERENCE
1. H. Gu, J. Rohmer, J. Jetter, A. Lotnyk, L. Kienle, E. Quandt, R. D. James, Nature, 599 (2021),416.
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THE ROLE OF COMPATIBILITY IN SHAPE-MEMORY OXIDE CERMANICS

Eckhard Quandt¹ and Richard D. James²
¹Kiel University, GERMANY

²University of Minnesota, USA

The systematic tuning of crystal lattice parameters to achieve improved kinematic compatibili-
ty between different phases is a broadly effective strategy for improving the reversibility, and 
lowering the hysteresis, of solid–solid phase transformations. Kinematic compatibility refers
to the fitting together of the phases. Here an apparently paradoxical example is presented in 
which tuning to near perfect kinematic compatibility results in an unusually high degree of
irreversibility. Specifically, when cooling the kinematically compatible ceramic
(Zr/Hf)O₂(YNb)O₄ through its tetragonal-to-monoclinic phase transformation, the polycrytal 
slowly and steadily falls apart at its grain boundaries (a process which is termed weeping) 
(Fig.1a) or even explosively disintegrates. If instead the lattice parameters are tuned to satisfy
a stronger ‘equidistance’ condition, the resulting material exhibits reversible behavior with
low hysteresis. These results show that a diversity of behaviors—from reversible at one
extreme to explosive at the other—is possible in a chemically homogeneous ceramic system 
by manipulating conditions of compatibility in unexpected ways. These concepts could prove 
critical in the current search for a shape-memory oxide ceramic (1).

In the first part E. Quandt will present the experimental results, while in the second part R. 
James will discuss the theoretical part.

REFERENCE
1. H. Gu, J. Rohmer, J. Jetter, A. Lotnyk, L. Kienle, E. Quandt, R. D. James, Nature, 599 (2021),416.
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Hybridized semiconductor nanowire lasers

Carsten Ronning
Institute of Solid State Physics, Friedrich Schiller University Jena, Germany

carsten.ronning@uni-jena.de

The miniaturization of light sources, the confinement and manipulation of light on a
sub-wavelength scale as well as the detection of single photons are key challenges for the 
realization of future photonic circuits. Here, semiconductor nanowires are of major interest as 
a serving material platform, since they do not only offer superior photonic properties, but can 
also bridge the interface to electronic circuits enabled by their semiconducting properties. The 
efficient and sub-wavelength waveguiding of light is one of such superior photonic properties 
specifying nanowires as truly one-dimensional systems for photons. It is also an important 
prerequisite and defines the geometrical diameter limit for enabling lasing oscillations within 
nanowire cavities. High pumping powers and gain values are necessary in order to over-
come the thresholds for amplified spontaneous emission (ASE) and laser oscillations. The laser 
output originating out of the end facet of a single nanowire can be detected “head-on”, and 
a double pump technique can be used to measure the laser dynamics. After presenting all 
these lasing properties of bare semiconductor nanowires, I will step further and focus on the 
changes upon hybridizing them with other materials, which is a prerequisite for any on-chip 
applications.

I will present the possibility of coupling such lasing nanowires with plasmonic structures in 
order to accelerate the dynamics and confine the light field even into much smaller structures, 
which provides a useful benchmark for the future development of these nanoscale devices. 
Furthermore, I will demonstrate how the lasing gain envelope changes upon hybridizing them 
with atomically flat 2D materials, which targets on the electrical control of the lasing
charactristics.
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2D Polar Metals and Heterostructures

by Joshua Robinson | Penn State

The last 15 years has seen an exponential growth in the science and technology of
two-dimensional materials. There is now a huge variety of layered materials that range in 
properties from insulating to superconducting that can be grown over large scales for a variety 
of electronic devices and quantum technologies,  such as topological quantum computing, 
quantum sensing, and neuromorphic computing. In this talk, I will discuss recent breakthroughs 
in the realization of unique 2D forms of traditional 3D metals. I will introduce a novel synthesis 
method, dubbed confinement heteroepitaxy (CHet), that utilizes graphene to enable the cre-
ation of atomically thin metals, enabling a new platform for creating artificial quantum lattices 
with atomically sharp interfaces and designed properties. By shrinking these traditional metals 
to atomically thin structures, we find that their properties are completely different than their 
bulk counterparts, lending themselves to unique quantum and optical applications not possible 
before.

Keywords: 2D, metal, non-linear optics, semiconductor, superconductivity, two-dimensional
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Tunable Metal-organic Framework Materials
for Versatile Applications

Norbert Stock
Institute of Inorganic Chemistry, Christan-Albrechts-University Kiel, Germany 

Kiel Nano, Surface and Interface Science KiNSIS, Christan-Albrechts-University Kiel, Germany 
e-mail: stock@uni-kiel.de

Metal-organic framework compounds (MOFs) are crystalline porous materials with tunable 
pore size and pore surface properties. They are composed of inorganic and organic building 
units and have attracted significant scientific and industrial interest due to the possibility to 
fine tune host guest interactions through thoughtful choice of the building units. For example, 
MOFs play an important role in energy related subjects such as gas separation and storage, 
sensing or catalysis as well as more specific topics, such as heat transformation and water 
harvesting.

We focus on the discovery and synthesis optimization of new, stable MOFs. To accelerate this 
process we have developed high-throughput methods that allow us the systematically study 
complex reaction systems. Thus, we were able to establish synthesis-structure-
property relationships, especially in the field of aluminum MOFs. Some of these compounds 
show high chemical and thermal stabilities and are state of the art materials in water adsorp-
tion applications. One part of the contribution will therefore describe the synthesis of the 
aluminium hydroxide isophthalate [Al(OH)(C₈H₄O₄)], denoted CAU-10 from discovery to scale 
up and its use in adsorptive cooling applications, which makes use of waste heat for cooling. 
The outstanding sorption properties of CAU-10 towards water are due to the small pore 
diameter and specific adsorption mechanism of CAU-10. The size selectivity of MOFs towards 
gases and vapors can also be utilized in the construction of sensors. In the second part of the 
contribution, the partial conversion of zinc oxide into different MOFs will be described. ZnO is 
a semiconductor and adsorption of gases leads to changes in its resistivity. Selectivity towards 
the analyte, here H₂, is implemented through the coating with a MOF.
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One-stop imaging of electronic and structural dynamics at the
molecule-2D quantum material interface

Kiana Baumgärtner¹, Tim Wehling², Kaori Niki³, Daria Popova-Gorelova², Kai Rossnagel⁴᾿⁵, 
Markus Scholz⁵

¹Experimentelle Physik 7, Julius-Maximilians-Universität, Am Hubland, 97074 Würzburg 
²I. Institute for Theoretical Physics and Centre for Free-Electron Laser Science, Universität Hamburg,  
 Luruper Chaussee 149, 22607 Hamburg 
³Graduate School of Science and Engineering, Chiba University, 1-33 Yayoi-cho, Inage-ku, Chiba 263-8522 
⁴Institut für Experimentelle und Angewandte Physik, Christian-Albrechts-Universität zu Kiel, Olshausen-
 straße 40, 24098 Kiel 
⁵Deutsches Elektronen-Synchrotron DESY, Notkestraße 85, 22607 Hamburg

In recent years layered transition-metal dichalcogenides (TMDCs) have been extensively 
invest-igated due to their intriguing electronic phenomena ranging from Mott localization over 
charge-density-wave (CDW) formation to superconductivity as well as their potential for novel 
electronic and optical devices but also as electrocatalysts. First studies of adsorbed molecules on 
TMDC surfaces have revealed a rich potential to tailor optical, electronic, and magnetic proper-
ties of organic/TMDC devices. However, very few studies have  been carried out on
under-standing fundamental interactions at the molecule-TMDC interface, which could open 
up a new route for novel applications utilizing the unique properties of TMDCs. Here, we focus 
particularly on CuPc adsorbed on titanium diselenide, 1T-TiSe 2 , which exhibits at room tempe-
rature an energy gab of about 74 meV and hence a low density of states at the Fermi level. This 
makes it an ideal sensor for charge transfer processes across the interface. Using a dual-
messenger combination of time-resolved photoelectron spectroscopy in a single experimental 
setup, we trace a photoinduced hot charge carrier transfer across a molecule-2D material 
interface in energy-momentum space and, synchronously, locally at atomic sites. The recorded 
movie captures atomic rearrangements of the molecules as well as dynamics in the valence and 
core electrons of both the molecule and the surface. The experiment offers practical all-in-one 
imaging of charge and energy flow across atomically thin interfaces at their fundamental di-
mensions. This new direct insight into the interplay between structural and electronic dynamics 
allows for an improved understanding and ultimately controlling of ultrafast interfacial electronic 
effects.
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Tetrapods based Smart Materials for
Advanced Technologies

Reza Abolhassani, Fateme Mirsafi, Till Leißner, Jacek Fiutowsky Horst-Günter Rubahn, 
Yogendra Kumar Mishra* 

University of Southern Denmark, Mads Clausen Institute, NanoSYD Alsion 2, DK-6400,
Sønderborg, DENMARK

Email: mishra@mci.sdu.dk

Nanoscale materials do exhibit excellent properties suitable for many applications but their 
utilization in day-to-day technologies is still limited. Their very small size in the nano regime is 
responsible for unique properties but it also puts the boundary conditions towards their 
versatile utilization, often they require a substrate as support followed by a complex
integration process. For appropriate use, the nanostructures need to be arranged in special 
3D forms. This talk will briefly highlight the scope of complex-shaped nanostructures towards 
constructing sponge-like 3D nanomaterials [1]. Complex shaped nanostructure building blocks 
such as tetrapods exhibit the ability to construct a self-assembled 3D porous architecture. 
Such a 3D network is structurally and mechanically intact, offers high surface area
accessibility, can be easily functionalized with any desired external molecules or nano-
structures, towards multifunctional properties. Such self-supported 3D nanonetworks are thus 
the right candidates to translate the nanoscale features to real technologies. A brief overview 
about the smart materials engineering and application opportunities of tetrapod nano-
materials and their 3D networks with respect to advanced technologies be highlighted in this 
talk. 

[1] Y. K. Mishra, R. Adelung, ZnO Tetrapods materials for functional applications, Materials  
      Today 21, 2018, 631-651.
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Electron-Spin-Resonance in a proximity-coupled 
MoS 2 /Graphene van-der-Waals heterostructure

Chithra H. Sharma,¹* Pai Zhao,¹᾿² Lars Tiemann,¹ Marta Prada³ and Robert H. Blick¹᾿⁴

¹Center of Hybrid Nanostructures (CHyN), Universität Hamburg, Luruper Chaussee 149, 22761 Hamburg, 
 Germany 
²Institute of Materials and X-Ray Physics, Hamburg University of Technology, 21703 Hamburg, Germany 
³Institute for Theoretical Physics, Universität Hamburg HARBOR, Luruper Chaussee 149, 22761 Hamburg, 
 Germany 
⁴Materials Science and Engineering, University of Wisconsin-Madison, Univ. Ave 1550, Madison, WI 53706,
 USA; *corresponding author: Chithra.Sharma@physik.uni-hamburg.de

The extended family of van der Waals (vdW) materials offers a comprehensive resource to tailor 
hybrid systems of semiconducting, metallic, superconducting, and insulating layers that exhibit 
novel properties. [1,2] MoS₂ and Graphene are two among the most widely studied vdW-
systems. MoS₂ is a semi-conductor transition metal dichalcogenide (TMDC) with high spin-orbit 
coupling (SOC) where carrier density and thus conductivity can be tuned easily by application 
of gate voltages. The mobility and conductivity of MoS₂ is limited predominantly due to the 
Schottky contact that it forms with most metals. On the other hand, graphene is a semimetal 
with Dirac electrons (holes) and high conductivity and carrier mobilities. The lack of a sufficiently 
large band gap and the relatively small intrinsic SOC of the order of 20-40 μeV [3], however, pro-
hibits certain device applications. Proximity induced SOC is predicted in graphene on MoS₂ and 
has been signaled in the observation of weak-anti-localization [4] and spin Hall effects [5]. Modi-
fication in SOC will also be reflected in the deviation of g-factor from the free electron value of 
2.0023.Here, we report low-temperature measurements on a MoS₂/Graphene heterostructure 
shown in Fig. 1 (a). The device is laterally separated into a pure layer of graphene (left) and an 
MoS₂/Graphene stack (right) that allows us to study and compare the interaction-induced chan-
ges in the graphene layer using magnetotransport. Resistively-detected electron-spin-resonance 
measurements (Fig. 1 (b)) reveal that the g-factor in the hybrid system is ~1.91 further deviating 
from the previously measured g-factor of 1.952 ±0.002 for pure graphene. [3,6] Understanding 
the nature of the interlayer coupling will facilitate observation of topological phases and desig-
ning spin-transfer devices.

Fig.1 Schematic of the device (left). ESR measurement showing the resonance at different frequencies shown with red line as a guide to the eye 

(right). Measurements done at 1.5 K

References 
[1] K. S. Novoselov et al. , Science 353, aac9439 (2016). 
[2] C. H. Sharma et al. , Commun. Phys. 1, 90 (2018). 
[3] J. Sichau et al. and R. H. Blick, Phys. Rev. Lett. 112, 046403 (2019). 
[4] J. I. J. Wang et al. , Nano Lett. 15, 1898 (2015). 
[5] A. Avsar et al. , Nat. Commun. 5, 4875 (2014). 
[6] R. G. Mani et al. , Nat. Commun. 3, 996 (2012).
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Magnetoelectric magnetic field sensors

Dirk Meyners
Inorganic Functional Materials, Institute for Materials Science, Faculty of Engineering, Kiel University, 

Germany 

This contribution considers magnetoelectric composites from the perspective of their
application as highly sensitive magnetic field sensors. In principle, various sensor concepts are 
possible. The sensors discussed here have in common that they are constructed as resonators 
by means of microsystem technology and combine piezoelectric and magnetostrictive
materials. The piezoelectric phase is used to excite the resonators and provide a usable 
electrical output signal. The magnetic phase is based on amorphous FeCoSi layers deposited 
by magnetron sputtering, which detune the resonator via magnetostriction in response to the 
magnetic field to be measured. 

Surface acoustic wave sensors [1] and sensors designed as bending beams [2] serve as spe-
cific sensor examples. For the best possible signal-to-noise ratio, the magnetic phase must 
be tailored to the sensor concept and in particular to the specific excitation. During sensor 
operation control of the magnetization state is required to avoid magnetically induced noise 
contributions while maintaining the sensor sensitivity. In this context, magnetostrictive single 
layers and multilayers with the sequence Ta/Cu/Mn₇₀Ir₃₀/Fe₇₀.₂Co₇.₈Si₁₂B₁₀ are discussed.It 
is demonstrated that mutually antiparallel alignment of magnetization in adjacent FeCoSiB 
layers results in effective magnetic noise suppression. Considering process-related influences 
during sensor fabrication, high sensitivity magnetoelectric sensors with detection limits well 
below 100 pT/Hz1/2 at 10 Hz signal frequency are presented.

(1) Kittmann, A., Durdaut, P., Zabel, S., Reermann, J., Schmalz, J., Spetzler, B., & Quandt, E. Scientific 
      reports, 8(1) (2018), 1-10. 
(2) Jovičević Klug, M.; Thormählen, L.; Röbisch, V.; Toxværd, S. D.; Höft, M.; Knöchel, R.; Quandt, E.;
      Meyners, D.; McCord, J Applied Physics Letters 114 (2019), 192410.

Funding by the German Research Foundation (DFG) as part of the Collaborative Research Centre CRC 
1261 “Magnetoelectric Sensors – From Composite Materials to Biomagnetic Diagnostics” is gratefully 
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Progress on Magnetoelectric Devices from
Microelectronics to Antennas

Greg P. Carman
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This presentation reviews the progress made in the TANMS center housed at the University of 
California Los Angeles over the last decade on three testbed platforms, i.e. microelectronics, 
motors, and antennas. The material covered includes studies focused on characterizing and
understanding thin film giant magnetoelastic materials (e.g. Galfenol, Terfenol-D, and
laminates) to illustrate the research opportunities as well as describe remaining challenges to 
advance this area further. These materials have been sputtered deposited and characterized 
with a variety of tools and coupled with new computational models such as coupled
Lanau-Liftshitz-Gilbert equations with Newton’s elastodynamics as well with Maxwell’s electro-
magnetic modeling. The thin films with the computational models have been used to design,
fabricate, and evaluate three testbed platforms generally described as microelectronics, motors, 
and antenna devices.

In the microelectronics area, the presentation focuses on both strain mediated and Voltage
Control of Magnetic Anisotropy in both memory and spin wave devices. This includes recent 
work on high-speed antiferromagnetic based structures consisting of NiO or FeMn. The motor 
work overviews the original concept of developing a micron scale magnetoelectric motor
capable of manipulating micromechanical structures. In this area, a cell sorter platform capable 
of capturing magnetically tagged T-cells and releasing only those with specific secretions for 
personalized immunotherapy treatment is reviewed. Finally, the recent progress on electrically 
small antenna platforms that rely on voltage indued strain modulation of magnetization states 
to launch electromagnetic signals into air or dielectric cluttered environments. This review inclu-
des several test demonstrations validated with mathematical models with one data set tracking 
the physical states of each component in the design to eliminate parasitic effects (piezoelectric, 
magnetoelastic, and air). The first demonstration of actual communication between devices is 
also reviewed along with the unique opportunities these devises offer the medical space. That 
is, the human body’s dielectric properties prevent the use of conventional antennas and require 
a magnetic based approach, i.e. well suited for magnetoelectric devices. 
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Complex dynamic resistive switching phenomena are of particular interest for potential 
applications in reservoir computing as well as for electronic devices with neuron-inspired 
functionalities. In this study, diffusive memristive switching and collective critical dynamics in 
nanoparticle assemblies and nanocomposites are discussed to showcase the application
potential of nanoparticles as building blocks for resistive switching devices. Metal-insultor-
metal structures with sparsely embedded noble metal alloy NPs inside a dielectric matrix show 
diffusive memristive switching with distinct high resistance state and low resistance state. In 
contrast, dynamic resistance changes are observed in a broad variety of  highly interconnec-
ted NP networks from various material systems and are described in terms of criticality. These 
percolated nanoparticle networks exhibit a highly non-linear switching dynamics with
avalanches as well as interevent intervals following power laws. Interestingly, the non-
linear resistive switching dynamics is preserved upon addition of a ceramic capping layer. This 
opens up further possibilities for the fabrication of particle/matrix composites with brain-like 
dynamics. 
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Polymer-based biomaterials for wound healing

Assoc. Prof. Andrea Heinz
Department of Pharmacy, University of Copenhagen, Denmark 

Wound healing is a complex biological process, which may be impaired in pathological
conditions such as diabetes, leading to the development of acute or chronic non-healing 
wounds. Thus, there is a great interest in the development of wound dressings that actively
promote wound healing. An ideal wound dressing needs to fulfill a long list of properties to 
facilitate the healing process, including protection of the injured area from further mechanical 
trauma and bacterial contamination, sustaining a moist environment, ensuring gas exchange, 
absorbing and retaining exudate and malodor, and delivering therapeutic agents. In addition, 
modern wound dressings are expected to be biodegradable and environmentally sustainable.

Our research aims to develop biomaterials for the use as wound dressings based on
sustainable and biodegradable materials. We use plant- and animal-based proteins such zein 
and gelatin as well as synthetic polymers including poly(lactic-co-glycolic acid) as building blocks 
of the biomaterials and incorporate antibiotic drugs or antimicrobial peptides. The materials
are prepared by uniaxial and co-axial electrospinning and are characterized physicochemically 
using a range of analytical techniques. Furthermore, we are testing and modifying the hydrolytic 
stability, mechanical properties, release properties (immediate vs. sustained release) as well as 
biocompatibility and antimicrobial activity in cell culture. Types of biomaterials produced in our 
group include fibrous mats for acute surface wounds as well as nanofiber-reinforced hydrogels 
formed in situ from core-shell fibers that swell when used on exudate-producing open wounds.
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Particle engineering for pulmonary delivery

by Regina Scherließ | Kiel University

Inhalable formulations are used to deliver medications to the lung with the intention of local 
drug effects or systemic uptake. However, there are two inevitable prerequisites for drug
delivery to the lungs and these are I.) a device for the in-situ generation of an aerosol from 
the formulation and II.) the dispersibility of the formulation to particles or droplets of a size in 
the inhalable range (i.e. an aerodynamic size below 5 µm). This becomes especially
challenging in high dose applications such as antibiotic treatment.

Different formulation approaches and matching devices  have been introduced to the market 
and the field is continuously growing especially in the field of dry powder inhalation (DPI). 
Briefly, three DPI formulation approaches can be named which are interactive powder blends 
of micronised active and larger carrier, spherical soft agglomerates of micronised drug and 
engineered particles typically covering spray died low-density porous particles.

However, particle engineering in the field of DPI formulations comprises much more. Drugrich 
inhalable particles play an important role if high doses need to be administered. In order to 
maximise the amount of drug, we prepare drug nanocrystals of clarithromycin, which in the 
presence of HPMC as stabiliser result in particles of 500 nm. To allow storage stability and 
inhalation, the nanosuspension is spray dried engineering hollow microparticles in which the 
wall is built up by the nanoparticles (Trojan particles).

Another example utilising nano engineering is the creation of nano-in-microparticles com-
prising tailored nano drug carriers such as polymeric particles incorporating the active or 
nano complexes of active and excipient. Here, nano engineering serves as tool to accomplish 
stabilisation and delivery of the active, whereas spray drying facilitates creation of inhalable 
dry powder particles.

Particle engineering can also be applied to the carrier in carrier-based DPI formulations. 
Typically, lactose in the size of 50-200 µm is utilised as carrier. To tailor carrier-basedblends, 
fine excipients can be combined with the carrier. Another approach can be dry carrier particle 
coating with excipients such as magnesium stearate.

The carrier can also be tailor-made by spray drying. This allows definition of carrier particle 
properties by process parameters and with this we can adjust carrier properties to theneeds 
of drug particles and inhaler capabilities.

Carrier engineering may also be taken to the next level by specifically designing carrier geo-
metries which can be produced utilising additive manufacturing techniques such as
two-photon polymerisation.

Keywords: drug delivery; inhalation; particle design; nanoparticles; spray drying; dry particle coating;
additive manufacturing
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Alternate Pulse Galvanostatic Cycling of Lithium Sulfur Batteries
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Lithium-Ion batteries (LIBs) are one of the most promising secondary battery technologies
with high gravimetric and volumetric energy densities. Depending on the materials used, LIBs 
enable a path to a green  and environmentally friendly future. Sulfur as a next-generation 
cathode material is the ideal candidate for future battery concepts with its high gravimetric 
capacity and non-toxicity, but still suffers from its intrinsic challenges in the battery environ-
ment. The low electronic conductivity as well as ionic conductivity and especially the shuttle 
effect lead to an enormous capacity fading and hinder good cycling performance of this 
battery-type. This has made practical applications unsuitable so far. In this study, alternative 
charging strategies adopted from lead-acid batteries are presented to reduce the polysulfide 
shuttle effect and increase the lifetime of Lithium-Sulfur Batteries (LSB). As sulfur is highly 
soluble inside the used solvents in the battery electrolytes sulfur can diffuse to the electrodes' 
surface hindering further charging of the battery drastically. In fact, one of the most negati-
vely affected side reactions inside a LSB is the interaction between these formed polysulfides 
and the Li-metal anode surface. Apart from the shuttle effect the plating and striping of 
Li-Ions during cycling is disturbed leading to the formation of lithium dendrites and/or mossy 
lithium. Both lead to a depletion of the electrolyte and the formation of unusable, “dead Li” 
and a thick passivation layer hindering further cycling.[1] A comparable problem is already 
known from lead-acid batteries, as the sulfides also passivized the electrodes' surface. Only 
by deep discharging and alternative charging methods, it was possible to remove these sulfur 
precipitations completely allowing further cycling. One way of reactivating these batteries was 
by using a ripple-charging method [2]. Using this method, it is possible to implement a short 
charging pulse to the battery, thereby mechanically and electrically disturbing the system 
for the electrodes to still work. This kind of pulse-charging method was already applied to 
LIBs as well as symmetrical Li-Metal batteries and led to a more uniform and homogenous 
plating and striping of Li with an improving the cycling stability.[3] Based on this method in the 
here presented work an alternate pulse galvanostatic cycling method is used in a LSB-system 
Hereby, various frequencies or pulses were applied to the sulfur cathodes during cycling to 
allow monitoring the effect on the cycling stability. First results show an increase in Coulombic 
efficiency and as well a reduced capacity fading with increasing cycle number.

[1] Y. Zhang, F. M. Heim, N. Song, J. L. Bartlett, and X. Li, “New Insights into Mossy Li Induced Anode 
      Degradation and Its Formation Mechanism in Li-S Batteries,” ACS Energy Lett., vol. 2, no. 12, 
      pp. 2696–2705, 2017, doi: 10.1021/acsenergylett.7b00886.
[2] M. J. Smith, D. T. Gladwin, and D. A. Stone, “An analysis of the influence of high-frequency ripple
      currents on dynamic charge acceptance in lead-acid batteries,” J. Energy Storage, vol. 22, pp. 27–35,
      2019, doi: 10.1016/j.est.2019.01.024. 
[3] Z. Zhang, Z. L. Wang, and X. Lu, “Suppressing Lithium Dendrite Growth via Sinusoidal Ripple Current
     Produced by Triboelectric Nanogenerators,” Adv. Energy Mater., vol. 9, no. 20, 2019, doi: 10.1002
     aenm.201900487.
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Today's society and economy demand for high-performance energy storage systems, to
ensure a long range, low costs and, last but not least, user comfort. This requires, among other 
things, high battery capacities and super-fast charging. Nevertheless, the charging currents 
required for this need high mechanical stress for the internal battery components. Various
cathode strategies and designs are currently investigated. In particular, the combination of a 
tape casting a paste on a current collector offers advantages, as this manufacturing process is 
already used in industry. Challenging aspects of this concept remain, for example, the 
delamination of the battery active material from the current conductor at high C-rates. In this 
work, structured aluminum surfaces are used to overcome the aforementioned delamination 
process. The structuring process allows a mechanical interlocking of the paste or active material, 
thus increasing its paste-aluminum adhesion and its general stability. Moreover, the interfacial 
resistance of this composite is reduced leading to an improved battery performance.

In addition, surface structuring improves the wettability of water-based pastes, eliminating the 
need for additional primer coatings and simplifying the battery fabrication process. At the same 
time, the mechanical interlocking can be used with almost all types of pastes. The concept was 
investigated here in combination with a water-based sulfur paste. Sulfur cathodes are promising 
candidates for a next-generation battery material due to their properties such as their specific 
capacity of 1675 mAh/g and low-cost as well as their particularly environment-friendly
production. In combination with aluminum surface structuring, the tested cathodes out of sulfur 
powder, carbon black and binder additives were able to exhibit an increased, mechanically 
stable mass loading.

1. Baytekin-Gerngross, M., et al. "Making metal surfaces strong, resistant, and multifunctional by
     nanoscale-sculpturing." Nanoscale horizons 1.6 (2016): 467-472. 
2. Haselrieder, W., et al. "Measuring the coating adhesion strength of electrodes for lithium-ion battries."  
    International Journal of Adhesion and Adhesives 60 (2015): 1-8. 
3. Shaibani, Mahdokht, et  al. "Expansion-tolerant architectures for stable cycling of ultrahigh-loading  
    sulfur cathodes in lithium-sulfur batteries." Science advances 6.1 (2020): eaay2757.
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In this work our research of UV-light stimulated photocatalytic growth of gold lines with the 
aim to technically mimic long-range axonal connections in artificial neural networks is presen-
ted. While memristive devices, which could represent local synaptic connections, gather high 
interest in the scientific community, the long-range global plasticity has received relatively 
lesser attention, although it can offer a significant contribution to enhance the performance of 
artificial neuronal networks.
The dynamics of localized, photocatalytic growth of narrow gold lines on structured titanium 
dioxide substrates to create optically stimulated long-range connections are investigated 
in our research and recent findings are presented. By monitoring the growth process in an 
optical transmission setup, we observe that the photocatalytic reduction from the precursor 
solution for high surface coverage is influenced by UV-light intensity, sample pre-treatment 
and the choice of additives given to the solution. We show that the nucleation process seems 
to be crucial for a fast-responding system, by performing consecutive deposition steps it is 
possible to tailor the surface coverage from sparse metal nanostructure formation towards 
localized metal line formation.

Figure 1: Left: Dynamics of photocatalytic gold growth recorded in transmission setup. Right: Different stages of gold growths in exemplary 

process.
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Microstructured Stimuli Responsive Hydrogel Actuators

T. Spratte*, C. Arndt and C. Selhuber-Unkel
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Among soft and deformable materials, responsive hydrogels are important candidates for the 
design of soft robots and allow to push the boundaries of robotics technologies. We recently 
discovered the potential of integrating interconnected microchannels into poly(N-isopropy-
lacrylamide) (pNIPAM) hydrogels to increase the responsivity and response rate of the material.
[1] Such microstructuring approaches allow for the development of responsive soft actuators 
such as grippers or walkers (cf. Figure 1). A high-resolution fabrication method is needed for 
precise control about the microstructures, which is often a limitation in many mold casting and 
3D printing approaches. Here, we focus on a direct laser writing (DLW) process based on two 
photon polymerization (2PP) in order to design responsive microstructures. These dynamic soft 
robots can be actuated remotely, for instance via varying the environmental temperature, which 
results in a high degree of flexibility and manifold usage in various experimental setups.

Figure 1. Incorporation of interconnected microchannels into a thermoresponsive pNIPAM hydrogel leads to a significant increase in both the 

response rate and the volume change. The material can be used for actuating a temperature driven gripper that closes its fingers above the LCST 

and holds soft objects.[1]

[1] T. Spratte C. Arndt, I. Wacker, M. Hauck, R. Adelung, R. R. Schröder, F. Schütt, C. Selhuber-Unkel,
      “Thermoresponsive Hydrogels with Improved Actuation Function by Interconnected Microchannels”,
      Adv. Intell. Syst., 2021, 2100081
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3D porous hydrogels are prominently used as cell scaffolds in tissue engineering, e.g. for in 
vitro cultivation and need to be tailored in various properties simultaneously such that the 
specific needs for incorporated cells are met. In common fabrication techniques these proper-
ties, like stiffness and mesh size, are dependent on each other. With respect to this, nano- and 
micro-engineering of hydrogels has recently shown great potential in order to specifically 
tailor the properties of hydrogels, e.g. by the incorporation of functional nanoparticles or by 
micro-structuring. [1] In the here presented study, we demonstrate a new, solvent-free
approach to synthesise highly porous functional hydrogels, so called aero-hydrogels by emplo-
ying initiated chemical vapor deposition(iCVD) processes. iCVD presents a way to conformally 
coat different kinds of nano-porous structures. [2,3] A prominent 3D network material
mimicking the shape of extracellular matrix is fabricated using tetrapodal ZnO (T-ZnO). [4] 
iCVD on sacrificial T-ZnO networks presents a new solvent-free way to fabricate aero materials 
from the vapor phase. When hydrogel thin films are deposited via iCVD onto the structure 
and the T-ZnO network is removed subsequently, a mechanically stable hydrogel network 
with more than 99% empty space is created. This material can be used as a cell scaffold where 
pore size, crosslinking, thickness and stiffness can independently be tuned towards the needs 
of the respective type of cells. In multilayers electrical conductivity can be incorporated into 
the scaffold allowing stimulation of cells while the surface properties in the aero material are 
determined by the hydrogel.

References:

[1] Arndt, Christine, et al. "Microengineered Hollow Graphene Tube Systems Generate Conductive
      Hydrogels with Extremely Low Filler Concentration." Nano letters 21.8 (2021): 3690-3697.
[2] Reichstein, Wiebke, et al. "Initiated Chemical Vapor Deposition (iCVD) Functionalized Polylactic 
      Acid–Marine Algae Composite Patch for Bone Tissue Engineering." Polymers13.2 (2021): 186.
[3] Aktas, Oral Cenk, et al. "Superhydrophobic 3D porous PTFE/TiO2 hybrid structures." Advanced
      Materials Interfaces6.4 (2019): 1801967.
[4] Mishra, Yogendra Kumar, and Rainer Adelung. "ZnO tetrapod materials for functional applications."  
      Materials Today 21.6 (2018): 631-651.
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Investigating functional implant materials using in situ 
micro computed tomography

In many cases, the dynamic properties or morphological changes in a material are of interest 
when investigating functional implant materials. To visualize these changes in situ, synchrotron 
radiation-based micro computed tomography (SRµCT) can be used, which is a non-destructive 
3D imaging technique. Since the X-rays are generated by synchrotron radiation, a very fast and 
highly magnified imaging is possible.¹ Two different contrast techniques are available for the 
imaging: absorption and phase contrast. In case of the absorption contrast, the X-rays are
absorbed depending on the element, whereas the phase contrast uses the phase shift induced 
by each material. This is especially useful for samples with similarly or low absorbing regions, 
which are otherwise non-differentiable.² Here, we are presenting the application of high 
resolution SRµCT for in situ imaging on two examples highlighting the advantages. The first
example shows the application of phase contrast for imaging samples with low contrast.
Tetrapodal zinc oxide (t-ZnO) samples were imaged using in situ SRµCT to investigate the eva-
poration behavior of water from the tetrapodal network. We applied phase contrast to better
differentiate between water and t-ZnO. The t-ZnO samples were infiltrated with water and 
scanned using different magnifications and scanning times to allow a better understanding of 
the evaporation mechanisms. It was shown that the water evaporates linearly and homo-
geneously over the whole tetrapodal network while the tetrapods itself are covered by the 
water preferentially.³ Thus, SRµCT yields unprecedented information on the dynamic behavor of 
the water evaporation which can be used to improve the coating of t-ZnO. The second example 
shows the application of absorption contrast for in situ SRµCT. Next to the high energy, SRµCT 
also yields high density resolution due to usage of mono-chromatic X-rays. This allows the 
investigation of Magnesium under degradation, as the degradation layers are not distinguishable 
by lab-based instrument because of the low electron density. In situ SRµCT is used to investigate 
the influence of applied mechanical stresses on Mg-implant materials on the degradation. Here, 
Mg samples are imaged while they are degrading and deformed using different strain rates. By 
this, the in situ SRµCT enables the otherwise not achievable observation of the cracking and 
degradation behavior of Mg.

References 
1. Zeller-Plumhoff, B. et al. Quantitative characterization of degradation processes in situ by means of a 
    bioreactor coupled flow chamber under physiological conditions using time-lapse SRµCT. Mater.  
    Corros. 69, 298–306 (2018). 
2. Wieland, D. C. F. et al. Propagation-Based Phase Contrast Computed Tomography as a Suitable Tool 
    for the Characterization of Spatial 3D Cell Distribution in Biomaterials. Adv. Eng. Mater. 23, 2001188 
    (2021).
3. Hindenlang, B. et al. Evaporation kinetics in highly porous tetrapodal zinc oxide networks studied using  
    in situ SRµCT. Sci. Rep. 11, (2021).
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Complex dynamic resistive switching phenomena are of particular interest for potential appli-
cations in reservoir computing as well as for electronic devices with neuron-inspired
functionalities. In this study, diffusive memristive switching and collective critical dynamics 
in nanoparticle assemblies and nanocomposites are discussed to showcase the application 
potential of nanoparticles as building blocks for resistive switching devices.
Metal-insulator-metal structures with sparsely embedded noble metal alloy NPs inside a
dielectric matrix show diffusive memristive switching with distinct high resistance state and 
low resistance state. In contrast, dynamic resistance changes are observed in a broad variety 
of highly interconnected NP networks from various material systems and are described in 
terms of criticality. These percolated nanoparticle networks exhibit a highly non-linear 
switching dynamics with avalanches as well as interevent intervals following power laws.
Interestingly, the nonlinear resistive switching dynamics is preserved upon addition of a
ceramic capping layer. This opens up further possibilities for the fabrication of particle/matrix 
composites with brain-like dynamics.

Funded by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) – 
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Avalanche behavior is common to many physical phenomena, such as magnetic systems,
earthquakes and brain dynamics at the critical region of phase transitions and were first descri-
bed by Bak et al. [1]. The common feature of all these systems is slow external driving, causing 
an intermittent, widely distributed response. Recently nanoparticle networks poised at their 
percolation threshold attracted considerable interest as a model system for brain-like dynamics 
[2,3]. So far nanoparticle networks have been studied in context with their activity pattern, 
however, coupling with neuron-like oscillatory components has not been considered yet. In this 
work we present first attempts to include relaxation-type oscillators to mimic the
leaky-integrated-firing feature of biological neurons. The relaxation-type oscillators are coupled 
over the nanoparticle network during deposition. The synchronization of the relaxation-type
oscillators changes with the network resistance. The resulting nanoparticle network with
oscillator influence is analyzed by scanning electron microscopy.

Funded by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) – 
Project-ID 434434223 – SFB 1461.
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Biomagnetic sensing constitutes the next frontier for advanced healthcare as a contact-less, 
quick source for medical information. The main obstacle towards clinical biomagnetic
diagnosis using magnetic imaging techniques is the lack of readily applicable sensor techno-
logy compatible with clinical environments, requiring extremely low magnetic noise floors. 
Realtime magnetocardiography (MCG) measurements demand for a limit of detection (LOD) 
lower than 10 pT/Hz1/2, reaching noise below 100 fT/Hz1/2 even enables MEG signal acquisiton. 
Such minute amplitudes, which are six to seven orders lower than earth’s permanent
magnetic field, additionally lowest noise sensor technology is required in the low signal
frequency regime below about 500 Hz, which is strongly affected by 1/f-noise.

In the presented work the piezoelectric (PE) phase of thin film magnetoelectric (ME)
composites is actively excited, thus exploiting the converse ME effect [1], remedying short-
comings of the direct ME effect. The experimental work involves thin film cantilever
composites of mesoscopic scale (25 mm x 2.5 mm x 0.35 mm) of which high frequency mecha-
nical resonances at about 500 kHz are exploited. These resonances show high mechanical 
quality factors of about Q~1000. This mechanical oscillation, being rigidly coupled to the 
magnetostrictive material phase, leads to a voltage induced in a pickup coil surrounding the 
sensor composite. This converse ME voltage response with respect to small external fields 
shows high sensitivities in the order of kV/T and linearity up to a field magnitude of several µT. 
Using sophisticated magnetic layer systems with internal bias enables to effectvely lower the 
magnetically dominated noise floor and bring the LOD to below 20 pT/Hz1/2 @ 10 Hz without 
the requirement of an external magnetic bias field. A field trial involving a healthy patient 
in a magnetically shielded chamber reveals that human MCG can be recorded using a small 
amount of averaging, thus these sensors are on the verge of realtime biomagnetic sensing 
capability.

Funding via DFG, CRC1261 “Magnetoelectric Sensors: From Composite Materials to Biomagnetic Diagno-
stics” is gratefully acknowledged.
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Localized treatment strategies for the treatment of diseases like the brain tumor Glioblastoma 
offer advantages over systemic treatments such as the reduction of side effects. In this con-text 
different approaches for localized drug delivery systems (DDS) have been demonstrated in the 
past, e.g. nano- and microparticles, wafers and meshes. The aim is to provide DDS, that are 
characterized not only by a constant release rate, i.e. to achieve a constant drug con-
centration within the therapeutic window at the addressed site, but also by extended release 
times over several weeks up to months.�¹� Furthermore, an external control over the release 
rate might be beneficial, e.g. in case of a tumor recurrence. Here, we present the development 
of a highly versatile diffusion-controlled polydimethylsiloxane (PDMS) DDS with precisely
adaptable release kinetics. The DDS is prepared by following a bottom-up fabrication method 
�²� Tetrapodal zinc oxide (t-ZnO) templates �³� are used to create a microchannel membrane 
surrounding a cylindrical drug reservoir. The resulting DDS can be tailored in terms of size, 
microchannel density and loaded amount of drug leading to precisely adaptable release rates. 
The release is demonstrated for two different model dyes and a sustained release of up to 30 
days is achieved. Additionally, a further functionalization of the DDS by incorporating a thermo-
responsive hydrogel into the microchannels offers the possibility to increase the drug release 
rate when needed. 

[1] O. S. Fenton, K. N. Olafson, P. S. Pillai, M. J. Mitchell, R. Langer, Adv Mater 2018, 30, e1705328. 
[2] F. Rasch, C. Schmitt, L. M. Saure, R. Meyer, V. Adamski, D. Dengiz, R. Scherließ, R. Lucius, M. Synowitz,  
      Y. K. Mishra, K. Hattermann, R. Adelung, J. Held-Feindt, F. Schütt, ACS Biomater Sci Eng 2020, 6, 3388. 
[3] Y. K. Mishra, R. Adelung, Materials Today 2018, 21, 631.
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Magnesium is a highly researched material for lightweight structural applications due to its 
low density and comparably high specific strength. Furthermore, the high corrosivity and good 
biocompatibilty make it an excellent candidate for biodegradable implants. For a success-
ful implementation, it is often crucial to understand and predict the mechanical properties 
correctly and here material modeling and simulations are powerful tools to complement 
experimental findings and gain a deeper understanding of the underlying mechanisms. The 
challenge for modelling magnesium lies in the occurrence of deformation twinning as a result 
of the lower symmetry of the hexagonal close-packed (hcp) crystal structure, which leads 
to a highly anisotropic mechanical behavior. In this work a single crystal plasticity model for 
magnesium at finite strains including slip and deformation twinning is presented. The model 
is based on the decomposition of the deformation gradient into elastic and plastic parts and 
following the framework of Kalidindi (1998)[1], twinning is mathematically treated as a pseudo 
slip mechanism which leads to the formation of separate phases with rotated slip systems. 
The model considers basal slip 112̅0 {0001}, prismatic slip 112̅0 {1̅100}, pyramdal ‹a› slip 112̅0 
{1̅101} and pyramidal ‹c+a› slip 112̅3 {1̅1̅22} as well as tension twinning 11̅01 {1̅102} and 
compression twinning 11̅02 {1̅101} and adapts partly a hardening model proposed by Zhang 
and Yoshi (2012)[2]. Thermodynamic consistency is ensured by deriving the model from the 
Clausius-Duhem inequality and including a twin concentration dependent hardening term, 
physically related to the Hall-Petch effect, significantly improves the hardening behavior. FEM 
simulations are capable to reproduce the highly anisotropic mechanical properties and are in 
excellent agreement with experimental data.

References
[1] Kalidindi, S.R., Incorporation of deformation twinning in crystal plasticity models, Journal of the
      Mechanics and Physics of Solids, 46.2, 267-290 (1998).
[2] Zhang, J., Yoshi, S.P., Phenomenological crystal plasticity modeling and detailed micromechanical
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The use of magnetic field sensors in medical diagnostics enables non-contact measurement of 
patients using magnetoencephalography and magnetocardiography. The currently used SQUID 
sensor systems require a lot of space, complex cooling and magnetic shielding to
achieve the necessary sensor performance. To overcome these disadvantages, many new
sensor concepts are designed, built and evaluated [1]. It has been shown that magnetoelectric 
sensors based on sputter deposited magnetostrictive layers can achieve low detection limits 
below 100 pT / sqrt(Hz) and are therefore promising candidates for several biomagnetic sensing 
applications [2]. The magnetostrictive film plays a significant role in the noise and performance 
of the sensor. The control of the magnetization behavior of the film and the dynamics has a 
significant effect on the sensor sensitivity and the magnetic noise and thus directly influences 
the limit of detection.

The control of the growth of magnetic thin films, such as amorphous (Fe90Co10)78 Si12B10 is a
challenging task. The deposition of ideal magnetic layers by magnetron sputtering requires a 
high degree of layer quality to obtain low-noise sensors. To achieve this, various aspects of
fabrication, such as chemical composition, temperature evolution, morphology and layer stres-
ses, must be comprehensively considered. In this work, surface acoustic wave (SAW) sensors 
with amorphous (Fe90 Co10)78Si12 B10 thin films fabricated by RF and DC magnetron sputtering are 
discussed/presented [3]. The integrated magnetostrictive films were chemically analyzed by
elastic recoil detection analysis, film stresses were measured by cantilever deflection method 
and magnetic properties were determined by magneto-optical kerr effect microscopy. For 
further evaluation of the thin films, the SAW sensors and the magnetic FeCoSiB films were
compared in their performance.

[1] Murzin, D.; Mapps, D.J.; Levada, K.; Belyaev, V.; Omelyanchik, A.; Panina, L.; Rodionova, V. Ultra- 
      sensitive Magnetic Field Sensors for Biomedical Applications. Sensors 2020, 20, 1569. 
      https://doi.org/10.3390/s20061569 
[2] Schell, V.; Müller, C.; Durdaut, P.; Kittmann, A.; Thormählen, L.; Lofink, F.; Meyners, D.; Höft, M.; 
      McCord, J.; Quandt, E. Magnetic anisotropy controlled FeCoSiB thin films for surface acoustic wave  
      magnetic field sensors. Appl. Phys. Lett. 2020, 116, 73503, doi:10.1063/1.5140562. 
[3] Thormählen, L.; Seidler, D.; Schell, V.; Munnik, F.; McCord, J.; Meyners, D.; Sputter  Deposited Magne  
      tostrictive Layers for SAW Magnetic Field Sensors. Sensors. 2021;  21(24):8386.
      https://doi.org/10.3390/s21248386 .
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Multiple empirical studies have implied the bioregulatory importance of magnesium (Mg) ions 
in the growth and osteogenic activities of mesenchymal stem cell (MSC). In this study, we use 
a fuzzy agent-based approach to study the proliferation and osteogenic differentiation of MSC 
in response to Mg2⁺ ions. The proposed model simulates four cellular activities of pro-
liferation, differentiation, migration, and mortality. These cellular activities are modulated by 
Mg2⁺ ions together with the important stimulatory signals of pH, BMP2, and TGF-β1. The
available information in the literature regarding the bioregulatory effects of these signaling 
factors was compiled and transformed into a fuzzy-logic based controller. The free parameters 
of the model were tuned using the data of three cell culture experiments. The model was able 
to successfully reproduce important empirical observations in terms of live cell count, viability, 
and osteogenesis markers. The model correctly captured the stimulatory role of Mg2⁺ ions on 
the proliferation capacity of MSC once administrated within the concentration of 3-6 mM. The 
simulation results successfully reproduced the stimulatory effect of Mg2⁺ ions in low concen-
tration on the early differentiation marker of alkaline phosphate (ALP). The model also showed 
the inhibitory effect of Mg2⁺ ions on the late differentiation marker of osteocalcin (OC).
Moreover, the proposed numerical model showed the innate differences between the cells
cultured in different empirical studies. For example, the model shed light on the differences in 
the sensitivity of cells used in different experiments to Mg2⁺ ions. The proposed model in this 
can be used to investigate the osteogenic response of MSC around Mg-based implants.
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A considerable number of novel smart or intelligent biomaterials are being developed woldwide 
for the treatment of musculoskeletal diseases every year. However, there are always relatively 
fewer successful translations into clinical application, than the numerous in vitro and in vivo
studies annually published. One significant difficulty “from bench to bedside” lies in the trans-
lational process of pre-clinical animal research, where there lacks consensus on the best
approaches, corresponding to the countless types of new materials and potential applications.
As mice and rats are the most commonly used lab animal species, the rational use of rodent 
models from study design to result analysis plays an essential role in promoting the translational 
value of pre-clinical research. The authors conducted a literature search in PubMed (1960 – 
January 2022) to investigate the use of rodent models for developing intelligent biomaterials, 
targeting the following clinical conditions: trauma (bone fracture and defect, muscle and tendon 
diseases), inflammation (arthritis), infection, tumor, and deformity.

The results showed that the most commonly involved anatomical sites are calvarial and hind 
limb bones, skeletal muscles, and subcutaneous area. Except for the calvarial bone defect
model, evident heterogeneity exists among the methodologies for inducing pathological
conditions. An effective comparison between studies is impeded, and inappropriate selec-
tion of modeling methods would not effectively simulate the exact pathogenesis with clinical 
relevance. A thorough examination of surgical techniques identified a number of potential 
but substantial flaws and pitfalls, indicating the significance of rational planning and use of lab 
animals based on the 3R principles (Replacement, Reduction and Refinement). To improve, the 
authors advocate for preparatory simulation steps and modeling approaches assisted by 3D 
techniques (including image analysis and 3D printing), to enhance precise surgical planning and 
preparation of implants made of innovative biomaterials.

The information from previous publications along with comparative analysis, aids in the for-
mulation of effective strategies to avoid unethical usage of animals without scientific value. In 
addition, the combination of literature research and simulation methods prior to in vivo experi-
ments, may further contribute to future translational studies of intelligent biomaterials for the 
treatment of musculoskeletal disorders.

Keywords: intelligent biomaterials, clinical translation, pre-clinical research, rodent model, musculoskeletal 
disease, 3D method.
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Magnetic field sensors based on the delta-E effect exploit the resonance frequency shift of a 
magnetoelastic resonator in a magnetic field caused by a change in the Young’s modulus of a 
magnetostrictive layer. These sensors surpass 1/f noise by using amplitude or phase
modulation and offer additional advantages like a high dynamic range and a broad signal 
bandwidth. Since the first demonstration of this sensor concept, much effort was put into 
understanding the relationships between the different effects owing to the coupling of
magnetic, mechanical, and electrical properties. Here we share insights into our latest findings 
for different types of delta-E effect sensors, including the first delta-E effect sensors based 
on exchange biased multilayers. They operate without an external magnetic bias field, which 
enables a dual-mode operation scheme to localize the sensor and measure small-amplitude 
and low-frequency magnetic fields simultaneously. Variations of geometry, size, and fabrica-
tion methods will be compared using models deduced from experiments. Extended signal as 
well as noise models are presented to circumvent several limitations of previous models and 
permit the simulation of sensor arrays. We show the prospects and drawbacks of operating 
delta-E effect sensors connected in parallel experimentally and theoretically and discuss them 
regarding noise performance and the limit of detection. From the analysis, we derive specific 
requirements for improving the limit of detection by operating a multitude of sensor elements 
in an array configuration.
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We present a novel class of MEMS material (PowderMEMS) for rapid wafer-level manufacture of 
porous solid phases for microfluidic applications. Porous solid phases are used in a great variety 
of applications within the fields of chemical/biological analysis and synthesis. In addition to their 
use as catalysts, they are used as solid supports for immobilizing (bio)molecules, as mixers or in 
chromatographic columns [1–3]. However, microscale integration of these structures is a major 
challenge, especially in mass production. Typically, porous solid phases are manufactured in 
single chip processes by the introduction of a liquid particle slurry into pre-structured micro-
cavities or channels. The solvent is then evaporated and the remaining solid components of the 
slurry form the solid phase [4]. This type of process however does not scale easily and is thus 
difficult to implement for large-scale wafer-level manufacturing of porous MEMS structures. To 
solve this problem, this work presents a novel process suitable for mass production for the dry 
fabrication of solid phases at wafer level. As an application example, the use as a substrate for 
nucleic acid adsorption is shown. 

The process [5] is shown schematically in Figure 1. First, loose particles are introduced into
cavities, which have been structured in advance in the substrate wafer (Si) by dry etching. Then, 
the particles are bonded together by an atomic layer deposition (ALD) process which deposits
75 nm of Al2O3. The ALD layer penetrates the powder down to the bottom of the
cavity. In the process, the particles are homogeneously coated over the entire structure depth, 
forming a mechanically stable porous body. After the front side of the wafer has been cleaned 
and conditioned, a second dry etch is performed from the back side of the wafer to expose the 
porous structures. On some devices a second ALD layer of 75 nm SiO2 is then deposited onto 
the porous structure to provide the final surface for nucleic acid adsorption. In a last step, the 
wafers are diced into single chips (Figure 2). 

Solid phase extraction is one of the most widely used processes for the selective purification of 
nucleic acids (NA) from complex samples. It is based on the fact that nucleic acids adsorb re-
versibly onto oxide surfaces under specific chemical conditions [6, 7]. To evaluate the manufac-
tured porous microstructures for this application, a preliminary test was carried out. Individual 
solid phases were incubated with a short (~20 nt) biotinylated DNA oligo-
nucleotide followed by incubation with streptavidin-β-galactosidase. After a washing step, the 
solid phases were incubated with p-Nitrophenyl-ß-D-galactopyranoside and the resulting color 
intensity was read with a microplate reader at 405 nm. The results are presented in Table 1 and 
show that nucleic acids adsorbed preferentially to the Al2O3 surface. 

Funding: This work was funded through the public program Landesprogramm Wirtschaft (LPW),
LPW-E/1.2.2/1305 – OPTOCHIP
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Figure 1: PowderMEMS process for the creation of microscale porous solid phases. 1: Dry etching of cavities in Si wafer. 2: Dry filling with 

particles. 3: In-situ agglomeration of the particles by ALD. 4: Dry etch from the backside to expose the porous microstructures and allow for 

vertical fluid transport.
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Figure 2: Left: Top view of the integrated porous solid phases. Right: Bottom view of the integrated porous solid phases.

Table 1: Experimental results for solid phase/DNA binding experiments. +DNA: Solid phase & DNA & Enzyme & Substrate. -DNA: Solid phase & 

Enzyme & Substrate. Pos. Control: Enzyme & Substrate incubated in Tube. Neg. control: Substrate only.
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The basic concept for photo bending of LCEs was to introduce a liquid crystalline phase by 
using azobenzene derivatives as mesogens, which can be aligned by a variety of techniques 
and are typically fixed by polymerization. By using UV-light, azobenzenes can switch from the 
thermo-
dynamically more stable, flat, extended E-form to the more helical, contracted Z-form. 
(Figure 1)

Figure 1: Isomerization of azobenzene (left), tetra-ortho-fluorinated azobenzene (middle) and diazocine (right).

One issue in the context of the interaction of these materials with living organisms is the fact 
that switching occurs with harmful UV-light. A further problem is that linearly polarized light 
(by which the bending direction can be modulated) is much more difficult to generate with UV 
light than it is with light in the visible range, where cheap filters exist that can be used in front 
of the light source. We synthesized a conceptually new photo mechanical LCE: It has been 
described that the ortho-functionalization of azobenzenes leads to switching in the visible 
region. (Figure 1) However, the four additional fluorine atoms destroying any liquid crystallini-
ty. In the new
molecule, liquid crystallinity is re-introduced. Therefore, the molecule is both liquid crystalline 
and switches with visible light; the photomechanical effect is brought about by a volume ch-
ange and disturbance of the mesogens by switching. This geometric change on the molecular 
level then translates to a movement on the macroscopic scale (photomechanical effect, Figure 
2).
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Figure 2: Photomechanical bending upon irradiation with 525 nm (green light) from the top of the polymer. The bending depends on the align-

ment of the liquid crystals and can be adjusted on demand for both sides of the polymer film. 

The final result was a fast responsive photo mechanical polymer, which bends upon irradiation 
with green light (Figure 3) and can be further incorporated in our composites to obtain photo 
switchable dry adhesives.

Figure 3: First biomimetic photo switchable dry adhesive. The photo mechanically active layer can be bent simply by using UV-light that switches 

the azobenzene mesogens from the E to the Z state
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Nickel-titanium (Nitinol) alloys are known for their exceptional mechanical behavior, allowing 
pseudoelastic deformation with reversible strains up to 8 % or even shape-memory-
behavior. This is interesting for the development of programmable materials and
components. To expand the current spectrum of available shapes, the authors applied and 
combined two additive manufacturing (AM) methods. Fused Filament Fabrication (FFF) 
was used to fabricate a base body on which a filigree structure was added by laser powder 
bed fusion (LPBF). A highly particle filled (63 vol.-%) and robust thermoplastic filament was 
developed for FFF which is suitable for commercial standard 3D-printers and auxetic and 
non-auxetic structures were created. Removing the binder completely and controlling the 
sintering atmosphere to adjust carbon and oxygen content remains a challenging issue for 
powder metallurgical processed NiTi alloys. The phase transformation austenite/martensite 
was characterized by DSC in sintered and annealed state. Precipitates resulting from residual 
impurities were detected by micrographs and XRD. The filigree lattice structures built by LPBF 
formed a good bond with the sintered FFF-base body. The new freeform hybrid production 
process thus introduces promising design possibilities for future applications. The contribution 
will give an insight about current works of additively manufactured NiTi-based components.
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In recent years the demand for energy storage has seen tremendous growth across the globe 
and across a vast range of applications, from grid storage down to microelectronics. At smaller 
scales, such as portable and Internet of Things (IoT) devices, micro-supercapacitors (MSCs) may 
present a solution to the requirement for compact energy storage, especially considering the 
ongoing abandonment of wires for both power and data transfer. Specifically, directly incorpo-
rating MSCs into the structure of a device through printing techniques is very appealing from 
a design, prototyping, and manufacturing point of view. Recently, MXenes have emerged as a 
promising family of materials for energy storage, with much of the work surrounding super-
capacitors based on Ti3C2T�. Nanoflakes of this material combine a metall-
ically conductive titanium carbide core and a surface functionalised by polar and pseudo-
capacitive surface groups such as F, O and OH – denoted T�. Conductivity of up to 20000 S/cm, ¹ 
and specific capacitance of up to 450 F/g2 makes it an ideal material for SCs. However,
control of electrode architecture is needed, as excessively dense and/or thick electrodes com-
promise both rate performance and specific capacitance, due to long ion diffusion pathways 
inhibiting fast charge transfer and restriction of the specific surface area3 To address the ion 
transport and capacitance issues of more conventional dense, 2D printed films,4 recent 
studies have demonstrated 3D printing of MXene-based SCs, though these have been achieved 
using composites5 or post-processing steps such as freeze-drying.6 We show that aerosol-jet 
printing (AJP) of aqueous Ti3C2T� inks can be used to fabricate high aspect ratio 3D structures up 
to 1 mm in height and with feature sizes as small as 20 µm, without the aid of supports, binders, 
or post-processing and in a wide range of geometries such as walls, pillars, and
pyramids. Electrodes with 3D pillars show capacitance up to 300 F/g at 5 mV/s in three-
electrode configuration, retaining 51% of this capacitance at  500 mV/s. When assembled into 
symmetric, interdigitated MSCs with gel electrolyte, the 3D structured MSCs exhibit up to 97% 
greater areal capacitance than mass equivalent planar MSCs, up to 138 mF/cm2 at 5 mV/s. 
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Figures 1(a) and (b) show SEM micrographs of 2D and 3D Ti3C2T� interdigitated  MSCs of equivalent mass, of note are the uniform 3D Ti3C 2T� 
pillars in 1(b) with height and diameter of approximately 300 µm and 20 µm respectively. Figure 1(c) shows cyclic voltammograms of 2D and 
3D MSCs of equivalent mass at 5 mV/s. Capacitance scales with number of 3D layers up to 138 mF/cm₂, 97% greater than the all-planar MSC 
of the same mass. .
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The growing demand for computational power, arises from the development towards artificial 
intelligence (AI) and the internet of things.¹ The resulting energy consumption require highly 
efficient computer systems which overcome the pitfalls of conventional von-Neumann 
architectures. A bio-inspired approach based on the mammalian brain uses a low frequency 
but a highly parallelized architecture in which storage, logic, energy source and cooling are 
decentralized. Furthermore, coupled oscillators have immensely been investigated as a
practical way of performing computation, significantly as building blocks of AI². One challen-
ge of such a complex system is to establish a required connectivity, both inside small world 
networks containing the above-mentioned components and between them. In this work we 
introduce a new approach for bio-inspired dynamic and reconfigurable electric connections in 
a liquid electrolyte matrix. Electrochemical growth of metal filaments occurs due to couplings, 
caused by the voltage difference between nearby terminals. We present the characterization 
of the metal filaments with respect to their formation kinetics and memristive properties 
because memristive behaviour is used to model synaptic connections in the mammalian brain. 
We will also discuss the potential application for dynamic coupling of neural oscillators that 
serve as a promising foundation for efficient next-generation computing. 

[1]: A. Zanella et al., Internet of Things for Smart Cities, IEEE Internet of Things Journal, (2014),   
       doi: 10.1109/JIOT.2014.2306328  
[2]: Gyorgy Csaba et al., Coupled oscillators for computing: A review and perspective, Applied Physics 
       Reviews, (2020), doi: 10.1063/1.5120412@are.2020.BIE2019.issue-1 

The authors acknowledge financial support by the Deutsche Forschungsgemeinschaft (DFG, German 
Research Foundation) – Project-ID 434434223 – SFB 1461
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Sputter deposition of a ferroelectric MIM-Capacitor
based on NbN and HfO2

Prof. Dr. Hermann Kohlstedt, M. Sc. Richard Marquard, M. Sc. Deik Petersen

The discovery of ferroelectricity in doped HfO₂ by Böschke et al. in 2011 gave rise to quite a 
stir in the scientific world that persists up to this day. The high CMOS compatibility as well as a 
good scalability enables versatile applications ranging from FeFETs to FE tunnel junctions and 
synaptic devices. Nevertheless, the stabilization of the metastable orthorhombic Pca21-Phase 
which is responsible for the ferroelectricity in HfO2 is still challenging. We demonstrate for the 
first time a sputter deposition of undoped ferroelectric HfO2 on NbN with a remanent
polarization of ~ 6.2 μC/cm². In addition to the commonly used analysis methods like GIXRD 
and dynamic hysteresis measurements, the feasibility of impedance spectroscopy to define 
and analyze an intermediate oxide layer was proven. Furthermore, Poole Frenkel transport 
can be detected in the HfO layer, strengthening the current scientific consent of the important 
role of oxygen vacancies for the charge carrier transport. A sudden wake-up of the samples 
described by a transition from dielectric to ferroelectric behavior was observed and no
classical fatigue effect was present indicating an electric field-induced crystallization of the 
HfO2 film.
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In Operando Soft X-Ray Photoemission Spectroscopy
of 2D Material Devices

Alena Nierhauve¹̕², Matthias Kalläne¹̕², Tammo Zimmermann¹, Jens Buck¹̕², Philipp Kagerer³,
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1 IEAP, Christian-Albrechts-Universität zu Kiel, 24098 Kiel, Germany
2 Ruprecht-Haensel-Labor DESY/CAU, 22607 Hamburg und 24098 Kiel, Germany
3 Dep. of Electr. Engineering and Information Techn., TU Ilmenau, 98684 Ilmenau, Germany
4 Dep. Of Exp. Physics VII, JMU Würzburg, 97074 Würzburg, Germany
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Layered transition-metal dichalcogenides (TMDCs) are a particularly promising platform for 
low-dimensional electronic devices due to their two-dimensional nature and richness regarding 
physical phenomena. This includes non-linear conductance behavior due to, e.g.,
metal-insulator transitions and memristive behavior, which is of particular interest to
in-memory computing designs for neuromphic systems. By combination of micrometer position- 
and angle-resolved photoemission spectroscopy (μ-ARPES) in the soft X-ray range with in
operando electrical control, we attempt to study the electronic structure changes con-
comitant with thickness changes and non-equilibrium conditions in device-like structures based 
on TMDCs. A portrayal of conductance governing mechanisms at a fundamental level could 
help to evolve towards the understanding and engineering of novel band structures, transport 
phenomena, and device functionality.
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Analogue switching in SiOx/Cu/SiOx 
memristive devices

R. Lamprecht¹*, F. Zahari¹, R. Marquardt¹, O. Gronenberg², H. Kohlstedt¹

¹ Chair of Nanoelectronics, Institute of Electrical and Information Engineering, Faculty of Engineering, Kiel  
  University, Kaiserstraße 2, D-24143 Kiel, Germany 
² Synthesis and Real Structure, Institute of Material Science, Faculty of Engineering, Kiel University,  
  Kaiserstraße 2, D-24143 Kiel, Germany

Memristive devices for neuromorphic circuits isan emerging field in Nanoelectronics in the
framework of bioinspired computing architectures [1]. Such devices consist of a
metal/insulator/metal capacitance-like layer sequence and exhibits variable resistance states 
in accordance to previously applied voltage pluses. Memristors can be considered as an
electronic pendant to synapses in the nervous system. Therefore, they are considered as 
promising candidates for novel bio-inspired computing systems [2]. However, the features of 
memristive devices have to be engineered with respect to a particular application. Here we 
present a study on TiN/SiOx/Cu(O)/SiOx/TiN memristive devices comprising a very thin layer 
of copper (-oxide) (<1 nm) sandwiched in between silicon oxide. The layers were deposited by 
reactive dc- and rf-magnetron sputtering and the devices were patterned by
photo-lithography and dry-etching. One goal of our research is to map across 4-inch wafer 
memristive properties, such as the maximum R�n/Roff ratio, retention and fatigue. The applied 
wedge-layer deposition allowed a fast tracking of the device properties.

Acknowledgements 
Funded by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) – 
Project-ID 434434223 – SFB 1461
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Numerical Modeling of Memristive Devices
and Crossbar Arrays
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In recent years, redox-based memristive devices have shown considerable potential for realizing 
synaptic functionalities in neuromorphic computing systems. Mobile ions or vacancies in the 
memristive element cause a hysteretic current-voltage characteristic and enable resistive 
switching of the device. Details of the mechanisms underlying the switching process depend 
on a complex interplay of different phenomena and can decisively affect the resulting device 
properties. Identifying and understanding these mechanisms is key for adapting the switching 
characteristics to the requirements of specific computational schemes and improving perfor-
mance and reproducibility.

Here, we present numerical models to analyze the memristive behavior of single memristive 
elements and crossbar arrays. A finite volume model self-consistently solves the semi-
conductor equations for the electrostatic potential and the quasi-Fermi levels of electrons and 
holes. Further, we include the dynamics of mobile dopants and briefly discuss the boundary
conditions implemented for the calculation of the switching dynamics and the current-voltage 
characteristics. A simplified physics-based device model is introduced to reduce the
computational effort and enable large-scale simulations of crossbar arrays at the expense of 
physical accuracy. Simulations of both models are compared with measurements on various 
types of memristive devices, including vertical TiOx/HfOx and TiOx/AlOx/HfOx thin-film stacks. A 
large set of samples is electrically characterized with an automated data acquisition procedure 
and statistically analyzed to correlate systematically varied device parameters with the resulting 
properties. The results are used to validate the simulations and discuss the underlying
switching mechanisms. Finally, we present measurements and simulations of crossbar arrays 
and analyze them regarding Joule heating and the current sneak-path problem. Implications for 
the design of memristive devices and arrays are derived and discussed.

This work was partially funded by the Carl-Zeiss Foundation via the Project MemWerk and the German 
Research Foundation (DFG) through the Collaborative Research Centre CRC 1461 "Neurotronics – Bio-
Inspired Information Pathway" as well as the Leibniz competition. 
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Additive Manufacturing of Silica Glass and Zirconia
via Laser Assisted Direct Ink Writing
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Additive manufacturing (AM) has made considerable progress over the last decade producing 
complex parts out of engineering materials like ceramics, however the available approaches 
are limited and hold decisive drawbacks. Selective Laser Sintering (SLS) for instance, includes 
high machine costs and necessitates monodisperse particles, which pose a considerable dust 
hazard. Combining SLS with Direct Ink Writing (DIW), a technique which uses slurries and 
pastes to deposit powder dust-free, enables a facile and low power processing of materials 
like zirconia or silica glass. A high power, readily available CO2 laser was used to solidify the 
pastes layer by layer. Thus, complex parts were manufactured in a single step with low cost 
setups and open source software. Additionally, the usage of powders with a polydisperse size 
distribution for the 3D Printing inks also holds the potential to eliminate the otherwise neces-
sary subsequent sintering process. Therefore, this way of processing is extremely time and 
energy efficient. In the way, transparent parts from borosilicate glass with fine, free standing 
surfaces were produced in this work. Printability tests for the inks were performed and the 
interplay between the laser processing and slurry printing was investigated. Furthermore, a 
novel slurry deposition method has been developed to accommodate multi-material printing 
of extremely viscous fluids. Further developments in this Laser Assisted Direct Ink Writing 
will enable the manufacturing of parts from a great variety of materials in a cost and energy 
effective manner. 
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The fabrication of macroscopic and multi-scaled network structures (such as sponges,foams,
aerogels) from Graphene and related 1D and 2D nanomaterials is an extensively studied field 
due to their broad range of applications, such as in bioelectronics, energy storage, catalysis as 
well as environmental protection. However, transferring the nanoscopic functionality of these 
low dimensional materials into the macroscopic world is still challenging to achieve. In my talk I 
demonstrate new approaches for the synthesis of cm³-sized multi-scaled framework archi-
tectures, composed of 1D and 2D nanomaterials, such as Graphene, Carbon Nanotubes [1] and 
hexagonal boron nitride (h-BN) [2]. With porosities in the order of 99.99% and densities as low 
as 0.2 mg/cm³ the properties of these so-called aeromaterials are determined by the nano-
scopic functionality of the used nanomaterial, resulting in a unique set of properties. I will 
further highlight and discuss new applications that are enabled by different aero-materials,
ranging from high-brightness and efficient laser-based light sources [2], electro-pneumatic 
micropumps and actuators [3], as well as bioinspired conductive composites for bioelectronics 
[4].
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Aero-Materials by Transmission Electron Microscopy
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New ultralight-weight and porous network morphologies composed of interconnected
tube-like structures, so-called aero-materials, are realized by templating sacrificial ZnO 
tetrapod networks in a single-step chemical vapor deposition synthesis. Starting with the 
invention of aerographite¹ an increasing number of new aero-material structures has been 
synthesized and investigated ranging from carbon-based networks²�⁴ to semiconductor-based 
aero-BN⁵, -GaN⁶, -Ga2O3⁷, -Si⁸, -ZnS⁹ and approaches targeting the functionalization of such 
networks with metallic nanoparticles¹⁰̕¹¹. Apart from research on the synthesis process and 
identification of interesting network properties, the structure characterization of the resulting 
micro-composites requires considerable attention. Herein, the analytic capabilities of trans-
mission electron microscopy are exploited to study the nanostructures with high-resolution 
imaging and spectroscopic methods of the inelastic interactions between the incident
electrons with the material atoms, e.g. by energy-dispersive X-ray spectroscopy. This
presentation is aiming for a comprehensive overview of exciting structural details examined 
on aero-type networks of ZnS, Au functionalized GaN and Ga₂O₃. For aero-ZnS, CdS precursors 
are transformed into polycrystalline architectures of ZnS with sphalerite-wurtzite polytype 
structure after a hydride vapor phase epitaxy (HVPE) process. The functionalization of the ZnO 
template with Au nanoparticles prior to HVPE growth of GaN results in photocatalytic
hierarchical nanostructures composed of aero-GaN and Au-capped nanowires extending into 
the free space of the tube. The high temperature driven oxidation of aero-GaN into
aero-Ga₂O₃ frameworks result in hybrid polycrystalline hollow structures with partially inter-
grown ZnGa₂O₄ and β-Ga₂O₃ phase components. Very high ~1100 °C temperatures seem to 
favor transformation into the spinel-phase component.
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The research on a technical replication of biological neural networks has become of high 
interest in the last years and a realization of long-range axonal connections is crucial for its 
function in particular. A dynamic formation of metal lines is an approach to mimic those 
connections. In this work, the fabrication of nanostructured templates towards photocatalytic 
growth of gold particles to form metal lines on a nanoscale is presented. Applying 1D grating 
structures made from structured TiO₂ thin films, first indications on nanoscale localized gold 
growth are observed.

These grating structures are designed for resonant coupling of UV light into a guiding layer. 
Titanium dioxide (TiO₂) is used as the guiding layer because of its high refractive index and its 
well-known photocatalytic properties. We characterize the crystalline structure of TiO₂ by
Raman spectroscopy and ellipsometry under consideration of different fabrication para-
meters. We show that the anatase crystalline phase is already present at room temperature 
leading to gold growth on the surface but can be improved by further heat treatment.

For a resonant excitation of TiO₂, a nanograting is fabricated on a glass substrate via imprint 
lithography followed by the RF sputtered TiO₂. The resonant coupling into the waveguide layer 
and the quality of the nanostructure was characterized by angular transmission spectroscopy. 
Further SEM images show that the nanostructure is preserved after heat-treating the samples. 
Those templates are the basis for future research on nanoscale formation of metal lines.

Figure 1: Left: Transmission spectra of nanostructures TiO₂, heat treated at different temperatures. The resonance is preserved throughout 

the temperatures. Right: SEM image of the nanostructure after the heat treatment.

The authors acknowledge financial support by the Deutsche Forschungsgemeinschaft (DFG, German 
Research Foundation) – Project-ID 434434223 – SFB 1461.
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Topological insulators (TI) have become an area of intense research in the last years, not only 
due to their fundamental-physics’ properties, but also due to the prospect of developing new 
types of spintronic devices [1,2]. A TI corresponds to a quantum state protected by time-
reversal symmetry, where gapless (conducting) surface states exist [Fig. (a), panel 1], while the 
bulk states exhibit an insulating gap. For heterostructures consisting of a TI and a
ferromagnet (FM) with perpendicular magnetic anisotropy (PMA) the idea is that the
magnetic stray field connected with the perpendicular orientation of magnetization breaks
time-reversal symmetry and therefore destroys the symmetry protection of the surface states 
in the TI. Hence, when growing a Co/Pt multilayer with PMA on top of a TI, a gap opening for 
the surface states is expected to occur [1→2, Fig. (a)]. When reorienting the magnetization from 
out-of-plane to in-plane, e.g., by varying the Co thickness, time-reversal symmetry is
reestablished and a topological phase transition can be realized [2→3, Fig. (a)]. Hence, a spin 
reorientation could be used as a magnetic switch to trigger a topological phase transition. Here, 
we report on the magnetic and electronic properties of heterostructures of the design
Bi₂Se₃/X/Co/Pt, with X = None, Pt, B₄C or B₄C/Pt as separation layer between the TI and the FM 
overlayer. By means of magneto-optical Kerr effect, (MOKE) the magnetic behavior is
characterized, showing that PMA can be achieved in the overlayer, while its strength can be
minutely set by changing the layer properties. In X-ray photoemission spectroscopy (XPS) 
measurements, two Bi phases are identified in the heterostructures. By systematically varying 
the photon energy, the depth, in which the two Bi phases are located, is analyzed. Significant 
differences of the chemical properties at the interface to the TI are found for heterostructures 
consisting of Bi ² Se ³ with a metallic and insulating overlayer, respectively. Finally, a scheme 
to invert the heterostructures is presented, potentially enabling angle-resolved photoemission 
spectroscopy measurements on the TI’s surface in future in order to study the influence of the 
magnetization state on the TI’s topology.

[1] X.-L. Qi and S.-C Zhang, Rev. Mod. Phys. 83, 1057 (2011), doi:10.1103/RevModPhys.83.1057
[2] Y. Ando, J. Phys. Soc. Jpn. 82, 102001 (2013), doi: 10.7566/JPSJ.82.102001
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Here, the interactions between excitons and surface plasmon polaritons in multilayer
structures composed of gold and WSe2 are investigated using a transfer-matrix method, 
within the context of electron enegy-loss spectroscopy (EELS) and cathodoluminescence 
(CL) spectroscopy. Using a combination of theoretical and numerical investigations, we 
demonstrate the coupling between excitons and plasmons and the ability of electron-beam 
techniques to probe the strong-coupling effects.

We particularly investigate the excitation of bulk and surface exciton-polaritons in two-layer 
and three-layer Au-WSe2 nanometer-thick structures (Fig. 1(a-d)). We observe emission
suppression at excitonic or plasmonic peaks, which reveals the energy transfer between 
excitons supported by WSe2 and gold plamons (Fig. 1(e-h)). The effect of the thickness of 
individual layers on the photonic and plasmonic modes and hence on the strength of coupling 
between the excitons and SPPs are also investigated here.

Fig. The energy-momentum EELS map and CL spectra of (a), (e) Au-WSe2, (b), (f) WSe2-Au, (c), (g) Au-WSe2 -Au, (d), (h) WSe2-Au-WSe2 

multilayer structures. The electron at the kinetic energy of U=30keV interacts with photonic modes of the WSe2-gold multilayer structures.
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When an electron traverses an Au-WSe₂ multilayer structure, it can couple to both excitons and 
plasmons of the structure. In addition, the Cherenkov radiation is captured inside the
waveguide due to the Fary-Pérot resonances, which leads to the anti-crossing effect caused by 
strong light-matter interactions¹. In Au-WSe₂ multilayers, not only the confined photonic modes 
interact strongly with A excitons (ground state exciton), but also strong interactions between 
photons and B excitons are observed. In the freestanding WSe₂ slab waveguide, because of fas-
ter relaxation rates of B excitons (higher excitonic state caused by the spin-orbit coupling), the 
interaction of photonic modes with A-excitons are much pronounced compared to
B-excitons. However, by trapping the Cherenkov radiation in Au-WSe₂-Au structure, the inter-
action time increases, hence a coupling of B-excitons and photonic modes is also observed. In 
addition, by decreasing the thickness of the Au layer in nanometer scale, we observe photon 
mediated exciton-exciton couplings².

We finally demonstrate that the electromagnetic fields associated with exciton-polaritons and 
plamon-polaritons strongly depend on the geometry of the sample, the electron beam
position, and the ordering of the stacked layers. Furthermore, we demonstrate that the order of 
the light interaction with matter can change the electrodynamics response of the structure. Our 
systematic findings can be generalized as a guide for the correct interpretation of light-matter 
interactions in excitonic and plasmonic nanometer multilayer structures and for the designing 
optical and optoelectronic nanodevices such as sensors, and light-emitting devices.

References: 
1. Taleb, M.; Davoodi, F.; Diekmann, F. K.; Rossnagel, K.; Talebi, N. Charting the Exciton–Polariton Landscape of   

WSe2 Thin Flakes by Cathodoluminescence Spectroscopy. Adv. Photonics Res. 2021, 2100124.   
https://doi.org/10.1002/adpr.202100124.

2. Davoodi, F.; Talebi, N. Plasmon–Exciton Interactions in Nanometer-Thick Gold-WSe 2  Multilayer Structures:   
Implications for Photodetectors, Sensors, and Light-Emitting Devices. ACS Appl. Nano Mater. 2021, 4 (6), 6067–6074.
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WSe₂ is one of the known transition metal dichalcogenides (TMDC) which is being investi-
gated for its optical properties and exhibit strong light-matter coupling, leading to emergence 
of new quasi particles such as exciton polaritons (EP) [1]. Various methods including EELS and 
SNOM have been previously employed to investigate the fundamental characteristics of the 
optical system at monochromatic photon energies in near-field region [2]; however, they
suffer to detect some of the key features in far field regime. In addition, combining this 
system with a plasmonic crystal such as a gold lattice, as the host for localized plasmons, can 
provide a multi-oscilator play ground to explore the inateractions between EPs, photons, as 
well as plasmonic Bloch modes (PBMs) [3].

In this work, a plasmonic lattice composed of periodic holes incorporated in a thin gold film, 
was used as the substrate for the WSe₂ material to investigate the exciton-plasmon inter-
actions. A high energy electron beam with the acceleration volatege of 30 kV was used to 
excite optical modes of WSe₂ flakes and to investigate their spontaneous coherences (Fig.1a). 
Cathodoluminescence spectroscopy (CL) – as the heart of our research – was used to acquire 
CL hyperspectral images and spectra, and to map the spatio-spectral near-field distribution of 
the optical modes in the visible to the near-infrared spectral ranges [4].

For WSe₂-Au hybrid structures, our experimental results fallowed by numerical simulations 
demonstrated strong coupling between the excitons and photonic modes hosted by the thin 
Wse₂ flakes, as well as traces of additional interactions between the WSe₂ excitons and PBMs 
originating from the Au lattice, which provide deep insight into the exciton-plasmon interacti-
on mechanisms (Fig.1b). In addition, the acquired angle-resolved energy-momentum maps
demonstrated ultra-strong interactions between PBMs and the gold lattice leading to
emergence of photonic flat bands and energy splitting in the region of exciton A energy 
which is promissing for development of new applications including ultrasensitive sensors and 
non-linear optics. Results of this study clearly show that the CL spectroscopy is a powerful 
technique to investigate the exciton-polaritons and exciton-photon interactions in thin layer 
of TMDC flakes and pre-sumably other materials with similar excitonic properties. 
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Fig.1 (a) Schematic of an experimental setup and the WSe2-Au hybrid structure with propagating optical modes, (b) SEM image of the specimen  

composed of the gold lattice and Wse2 flakes, togther with the spectra of selected points dpecied on the left panel.

References: 
[1] L. Lackner, et al., Nat. Commun. 12, 1 (2021). 
[2] M. Mrejen, et al., Science Adv. 5, eaat9618 (2019). 
[3] P. Bittorf et al., Opt. Express. 29, 34328  (2021).  
[4] M. Taleb, et al., Adv. Photonics Res. 2100124 (2021).
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Multi-level model for intrinsic thermal-magnetic noise and magnetic sensitivity of
magnetoelastic sensors

E. Golubeva¹, B. Spetzler², F. Faupel³, J. McCord¹
 

Magnetoelastic sensors based on the converse magnetoelectric effect and the ∆E effect have 
recently shown their high potential for detecting small-amplitude magnetic fields at extremely 
low frequencies. However, the reached minimum of the detectable magnetic field, often 
quantified by the limit of detection (LOD), is yet to be improved. Besides the sensitivity, recent 
research has shown that magnetic noise is a limiting factor for further lowering the LOD.
Therefore, a deep understanding of the magnetic noise and its connection with the sensitivity 
is the key to reaching the goal sensor performance. Such a complex problem requires a
multi-level approach to cover different parts of the sensor system. The description of all 
possible magnetic noise mechanisms is a challenging task, and in the presented work, we 
make the first step and focus on the thermal-magnetic noise caused by thermal fluctuations 
of magnetic moments. 

We describe a method for its estimation and demonstrate a calculation of the fundamental 
minimum LOD for a magnetic field sensor based on the delta-E effect. In our calculation, we 
use the Boltzmann distribution to describe the fluctuations of the magnetic moments in the 
magnetoelastic phase of the sample. Corresponding fluctuations of the magnetostrictive 
strain are coupled to the piezoelectric layer, resulting in the output voltage noise of the
sensor. Because also the sensitivity depends on the energy density function, both parameters:  
sensitivity and noise, are intrinsically connected. In our simulations, this concept is implemen-
ted using a combination of macrospin, finite-element, and equivalent circuit models, which 
can also be adapted and applied to other magnetic field sensors.

This work was funded by the German Research Foundation (DFG) through the Collaborative Research 
Centre CRC 1261 "Magnetoelectric Sensors – From Composite Materials to Biomagnetic Diagnostics."
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The rising number of human pathogens with resistances to established anti-infective therapies 
calls for the development of alternative treatments. Zinc oxide (ZnO) tetrapods are micro-
structures with a nanostructured surface that exhibit both antiviral and antibacterial activity. 
The α-herpesvirus subfamily comprises the herpes simplex virus types 1 and 2 (HSV-2) and the 
Varicella Zoster virus (VZV), all of which can cause lifelong persisting infections with sympto-
matic reactivations. Antiviral activity of ZnO tetrapods against HSV-1 and HSV-2 had been shown 
previously. In this study, several modifications of ZnO tetrapods were tested for their antiviral 
activity against HSV-2 and VZV.

The influence of ZnO tetrapods on number and size of viral plaques was examined using viruses 
encoding fluorescent proteins and viral genome copy numbers of VZV and HSV-2 were
determined. While the numbers of viral plaques remained similar, ZnO tetrapods induced a 
significant reductionof the plaque sizes of VZV and HSV-2. While the number of HSV-2 genome 
copies was unchanged, treatment of VZV-infected cells also resulted in a reduction of viral
genome copies. This study confirms that ZnO tetrapods exhibit a significant antiviral influence 
against HSV-2. For the first time we show that there is also an antiviral effect against the cell-
associated VZV.

To assess the antibacterial properties of ZnO tetrapods and its modifications, they were
screened against several common human pathogens, which can pose a major health risk. 
Bacteria were subjected to different doses of ZnO tetrapods and its modifications and different 
treatment times. The results showed a dose and time dependent antibacterial activity against 
the gram-positive bacterium Staphylococcus aureus and the gram-negative bacterium Klebsiella 
pneumoniae, while Pseudomonas aeruginosa and Enterococcus faecalis remained unaffected.

Since ZnO tetrapods exhibit both antiviral and antibacterial activity, they may form the basis 
for a new form of anti-infectious treatment.
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Magnesium (Mg) alloys are renowned for metal implant applications due to their versatility 
in mechanical strength, biodegradation, ability in supporting mineralization and enhancing 
chondrogenesis. Over time bones and joints lose their protective cartilage by wear off leading 
to long term degenerative joint disorder called osteoarthritis (OA). OA symptoms include joint 
pain and stiffness incapacitating the quality of life. Our research is investigating the efficacy 
and suitability of Mg-based beads in favoring joint regeneration along with hindering OA 
progression. Mg beads (length ≈1.0 µm and width of 0.5 µm) were obtained from Mg wire 
processing, involved intermediate heat treatment wire drawing steps. Degradation rates of 
the beads under various physiological conditions (e.g., two different oxygen regimes hypoxia 
(3% O₂) and normoxia (20% O₂) to mimic OA and healthy conditions respectively in Dulbecco’s 
Modified Eagle’s Medium + 10% Fetal bovine serum (DMEM + 10% FBS) were analyzed via 
weight loss method and release of Mg observed by atomic absorption spectroscopy.

The results revealed that oxygen conditions had an effect on degradation, with beads under 
normoxia degraded faster than that of hypoxia. Similarly, long-term immersion test carried 
out for 6 and 8 weeks also confirmed more degradation in normoxia. Bead’s compatibility was 
then studied by assessing the impact on cell growth and viability by using SCP-1 cells (human 
telomerase reverse transcriptase (hTERT) transduced mesenchymal stem cells). A dose depen-
dent toxicity was demonstrated by live-dead staining and lactate dehydrogenase assays. The 
cell viability was reduced to 50% at concentrations above 10mM. 

Further, the impact of differentiation on SCP-1 cells were studied under physiological and 
inflammation (OA) conditions. The OA in vitro model was established using cytokines (IL-
1β, TNF-α). The semi-quantitative qRTPCR analysis revealed the chondrogenic potential of 
the material compared to osteogenic, inducing chondrocyte maturation or hypertrophy. 
Abundant production of extra cellular matrix was visualized by toluidine blue staining. The 
cytocompatible nature, suitable degradation rate in two different oxygen conditions and the 
potential support of bone and cartilage repair mechanisms, makes Mg microparticles a smart 
biomaterial for OA therapy.

Keywords: Osteoarthritis, Magnesium, Degradation, Mesenchymal stem cells, Cytocompatibility,
Differentiation
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Piezoelectric thin films 
of AlN and AlScN for tactile sensors 

M. Sc. Rafael Ashkrizzadeh, B. Sc. Christoph Dieringer, M. Sc. Bharath Kumar Singh Muralidhar,
Dr. Adrian Petraru, Prof. Dr. Robert Rieger, and Prof. Dr. Hermann Kohlstedt

Technische Fakultät der CAU, Kaiserstraße 2, 24143 Kiel

Piezoelectric materials are of crucial importance for the development and design of tactile force 
sensitive sensors. These sensors are based on a field-effect transistor (FET) with a piezoelectric 
layer of AlScN or AlN inside the gate stack. AlScN and AlN differ from other piezoelectric 
materials such as for example PbZr× Ti₁₋×O₃ (PZT) and BaTiO₃ due to their CMOS (Complmentary 
Metal Oxide Semiconductor) compatibility. The addition of Sc (27%) provides better piezo-
electric properties but also has some disadvantages for use as a tactile sensor. This high Sc 
concentration means that the layer can also exhibit ferroelectric properties shown by Fichtner 
et al. in 2019* in addition to the piezoelectric properties, which is desirable for other devices 
but can interfere with tactile sensors and their readout electronics. We present first attempts to 
integrate piezoelectric FETs in a current mirror circuit. Finally, the current mirror should be part 
of an input stage of an operational amplifier. So far the current mirror was not balanced due to 
a strong drift of the transistors. Possible drift mechanisms and solutions will be discussed. 

*Zitat Fichtner, Appl. Phys. 



102

Lectures

Closed-Form Solution of the Si-Anode Microwire
Solid-Phase Diffusion in Silicon Batteries 

H. Beiranvand, S. Hansen, S. Wulfinghoff, M. Liserre
Faculty of Engineering, Kiel University, Germany.

Silicon anodes are supposed to dramatically reduce the volume and increase the capacity
of lithium-ion (Li-ion) batteries. Usually, small spherical Si particles are embedded into a
conducting carbon matrix, both allowing electrical conductivity and enhancing the overall 
capacity of the battery. Nevertheless, this approach suffers from severe volume change of the 
silicon and additional delamination processes. In order to solve this fundamental problem of 
silicon anodes, the silicon is structured as parallel, aligned microwires withstanding any
mechanical and electrical degradation processes during the charging and discharging of a 
battery [1]. Electrochemical-mechanical behavior of these batteries varies severely versus
State-of-Charge (SOC) which can be perceived by diffusion of the lithium ions into active 
materials. This paper presents a closed-form solution of Li ions diffusion into the microwire 
Si-anode which not only provides a low computational cost SOC indicator but also enables 
modern charging strategies inspired by material limitations [2]. The micro-scale diffusion 
equation is developed in the cylindrical coordinated system and corresponding boundary
conditions are defined. The correctness of the derived model is validated by developing a 
finite element solution.

Fig. 1 shows the Si-microwire SEM photo which can be described in cylindrical coordinate 
system. Numerical results achieved from the derived closed-form solution of the diffusion 
equation in silicon microwire are presented in Fig. 2. The correctness of the solution is
validated versus numerical FEM. 

References
[1] S. Hansen et all, Journal of Power Sources, 381, 2018.
[2] C. Heubner et all, Advanced Energy Materials 10, no. 2, 2020.
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Fig. 1

Fig. 2
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An Efficient Search for Secure Cloud Storage using
Block-chain 

by Samim Ansari | Reva University, Bangalore, India

Nowadays blockchain has gained the interest of both technological and business sectors. 
Accordingly, the Health sector is considering blockchain as the future of their infrastructure. 
There are two visions for the health system related to this, the closed model and the open 
model. Technically speaking closed model is related to the intranet system and the open
model to the internet system. Particularly, through its decentralized mechanism,
blockchain could over a decentralized network and supply system in an open model environ-
ment supported by the use of the Internet of Things and artificial intelligence.
In an open model, there are interconnected devices and machine-to-machine interactions, 
and the transaction data is stored on the blockchain Users and companies identify
themselves using their digital identities. Therefore, due to the implementation of blockchain, 
there is a need for different kinds of digital identity management. The Blockchain is
implemented in a health sector in this implementation in order to find out the similarity
between patients by having a reference-based implementation. The Raspberry Pi-based
implementation for the health system in order to be able to analyze the similarity between 
profiles of different patients is being targeted. The profile matching algorithm with block-
chain security is being implemented using the Ethereum crypto-currency implementation 
using the Pyeth software on the Python platform. It is observed that profile matching is 
possible using the mining techniques and cross-correlation between the two patients’ data 
collected in the blocks.

The below results are shown in Figure 11,12,13 the predictions and residuals for the sensor 
data (heart rate and blood pressure) after applying of linear regression algorithm. Each data 
has its own coefficient of more than 75%.
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The measurement of biomagnetic signals i.e. magnetic fields generated by currents in the 
human brain or heart is of high interest for medical applications, since state-of-the-art diagnosis 
tools such as electrocardiography require permanent body contact and lack spatial resolution. 
Surface acoustic wave devices are promising candidates for measuring these biomagnetic signals 
due to their ability to detect magnetic fields below 100 pT/Hz¹̷₂ over a large frequency range of 
1 Hz to 100 kHz [1]. This large bandwidth in combination with a wide dynamic range make them 
also interesting for artificial current sensing. 

For the sensing of magnetic fields Love waves give much higher sensitivities than Rayleigh wa-
ve-based sensors, due to the strong confinement of the acoustic wave in the magnetostrictive 
film. Love waves are horizontal shear waves which are guided to the surface by a layer of higher 
acoustic impedance than the substrate. As the sensitive element in these devices amorphous 
magnetostrictive thin films such as the alloy (Fe₉₀ Co₁₀)₇₈ Si₁₂B₁₀ seem to be particularly pro-
mising due to their high magnetostriction with simultaneously having a low magnetic anisotro-
py [1]. Operating in a delay line configuration the magnetoelastically-induced change of shear 
modulus of the sensitive layer yields in a corresponding phase shift of the acoustic wave.

The sensors are characterized in terms of their sensitivity, i.e. generated phase shift with applied 
magnetic field and their noise behavior as a function of the frequency. Wherein magnetic 1/f 
noise turned out to be the limiting factor in the low frequency range. Different approaches to 
improve the signal-to-noise ratio of these sensors will be discussed. Particularly, by exchange 
biasing the ferromagnetic phase by the coupling to an antiferromagnetic phase a single or nearly 
single magnetic domain state can be achieved. The formation of magnetic domains and thus 
an important source of magnetically induced sensor phase noise are thereby reduced. These 
exchange biased devices show equivalent detection limits of 40 pT/Hz¹�₂ at 10 Hz and 25 pT/√Hz 
at 100 Hz.

[1] V. Schell, C. Müller, P. Durdaut, A. Kittmann, L. Thormählen, F. Lofink, D. Meyners, M. Höft, J. McCord, 
     and E. Quandt,          
     “Magnetic anisotropy controlled FeCoSiB thin films for surface acoustic wave magnetic field sensors,” 
     Applied Physics Letters, 116, 2020.

This work was funded by the German Research Foundation (DFG) through the Collaborative Research Centre 
CRC 1261 “Magnetoelectric Sensors – From Composite Materials to Biomagnetic Diagnostics”.
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for reversible water adsorption
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Composite materials combine properties of different material classes, �¹� or example macro-
porosity, electric conductivity and sorption selectivity. �²� We are interested in developing 
electrically conductive composites composed of macroporous carbon networks and micro-
porous compounds known as metal-organic frameworks (MOFs). For example, the MOF CAU-
10 ([Al(OH)(C⁸H⁴O⁴)] is known for its selectivity towards water ad- and desorption under mild 
conditions. �³� Macroporous carbon networks have been used for rapid joule heating of gases. 
�⁴� 

Here, we report the formation of composites composed of two substrates, i.e. three-
dimensional graphite  and ZnO tetrapods coated with graphene oxide and the microporous 
MOFs CAU-10-H and ZIF-8 (Fig. 1). Direct (in situ) crystallization and wetness impregnation of 
submicron-sized particles were carried out. These composite materials were characterized in 
detail using X-ray powder diffraction, gas sorption analysis and scanning electron microscopy. 

Testing of the composite composed of graphite and CAU-10-H showed reversible water
uptake and fast heating and cooling (T max = 120 °C, t min = 90 s) without decomposition of 
the composite. 

Fig. 1: Overview of the preparation of conductive porous composite materials employing wetness impregnation to deposit MOF nano-par-

ticles on the surface of ZnO tetrapods (t-ZnO) coated with graphene oxide and three-dimensional graphite sponges.
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      Misseroni et al., Mater. Today 2021, 48, 7.
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Turn-on luminescence through a variety of physical stimuli  
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Metal-organic frameworks (MOFs) have been studied for possible applications as sensor
materials, exploiting their modular design and high porosity.�¹� It is possible to create MOFs 
showing highly selective responses to a variety of physical or chemical stimuli using
applicaton-specific linker molecules combined with well-chosen metal ions. In this regard, 
linker-based photoluminescence is often used for chemical sensing of compounds found in 
drugs�²� , explosives�³� or other harmful materials including toxic metals like mercury or lead.�⁴� 
Sensing of such compounds often is achieved through quenching of the linker-based
luminescence or shifts in emissions bands. In other cases, sensing is achieved through turnon 
luminescence.�⁵�

This contribution focuses on the synthesis and characterisation of a new phosphonate based 
metal-organic framework denoted CAU-54, which shows reversible photochromism when
irradiated with UV light (Fig. 1). However, different stimuli such as pressure, other solvents,
temperature or reduced pressure lead to visible photoluminescence. The application of a 
mechanical force or a temperature increase leads to irreversible changes of the structure and 
a strong photoluminescence. Full reversibility is found by temperature decrease and removal 
or exchange of solvent molecules which results in blue emission under UV-irradiation. CAU-54 
therefore might be a material suitable for a variety of luminescence-based sensing applications, 
while the photochromism can be useful for anti-counterfeit markings. The changed properties 
of CAU-54 are accompanied with structural transformations, which were analysed using PXRD, 
Raman and EPRspectroscopy. 
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Fig. 1 CAU-54 showing photochromism (center), green photoluminescence after manual grinding (left) and blue luminescence at 77K (right) 

using UV-light irradiation (λ = 365 nm) for excitation. Thermal treatment at 398 K leads to a green luminescence.
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Current treatment strategies for Glioblastoma (GBM) including surgical resection and adjuvant 
combined radio/chemotherapy typically result in a limited progression-free survival time of 
patients due to rapidly occuring tumor recurrences. The urgent need of a more effective therapy 
has led to the development of different approaches for localized drug delivery systems (DDS) 
offering the advantages of reduced systemic side effects. In addition, alternative treatment
strategies have been demonstrated in the past in order to overcome the resistance of GBMs 
against the preferred chemotherpeutic drug temozolomide (TMZ). A promising candidate for 
the treatment of GBMs is AT101, the R(-) enantiomer of gossypol due to its ability to induce 
apoptosis or trigger autophagic cells death in tumor cells. Here, we present an alginate-based 
drug-releasing mesh loaded with AT101-loaded PLGA microspheres. The AT101-loaded PLGA 
microspheres were fabicated using a water-in-oil emulsion solvent evaporation method
obtaining a high encapsulation efficiency. The drug-loaded microspheres were characterized 
by a smaller size in comparison to blank microspheres and enabled the release of AT101 over 
several weeks at the tumor site. Interestingly, the release kinetics of AT101 released from 
PLGA microspheres was found to be influenced by the core-shell structure of the drug-loaded 
microspheres.The cytotoxic effects of the AT101-loaded mesh were evaluated using two
different GBM cell lines. Strikingly, the AT101-loaded mesh led to significantly higher cell death 
rates in both cell lines in comparison to free AT101. Sustained delivery of AT101 holds promise 
for GBM therapy, likely by preventing the development of tumor recurrences. 
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Critical-sized bone defects can result from trauma, inflammation, and tumor resection. Bone 
defects, however, often have irregular shapes resulting in the need for new technologies to 
create suitable implants. Bioprinting is a method to create more complex and individualized 
bone constructs including living cells. In bioprinting, different techniques exist, such as extru-
sion-based printing and digital light processing. The principle of digital light processing offers 
certain benefits to generate more biomimetic shapes, such as the spongiosa-like structures of 
the bone. However, digital light processing shows limitations in the range of bioinks suitable 
for this application. The aim of this study is to develop a bone ink for digital light processing 
using polyethylene glycol diacrylate (PEGDA) as photoinducible gel compound and nano-
particular calcium phosphate as biological matrix component. We developed protocols to 
print a bone-like spongious structure and provide initial data on the biocompatibility using 
human mesenchymal stem cells (hMSC) in the printed constructs.

For the digital light processing technology, a Lumen X was used, which offers a high printing 
resolution of 50 µm. PEGDA was modified with calcium phosphate nanopowder (> 150 nm 
particle size). Human mesenchymal stem cells (hMSC) were encapsulated at a density of 3 x 
10⁶ cells/ml in this bioink. During the layer by layer printing process the bioink was exposed to 
light (405 nm) to initiate polymerization. The construct had a shape of a cylinder (d= 3.5 mm/ 
h=10 mm) with an interconnected porous structure (pore diameter 0.2 mm) mimicking the 
natural spongiosa structure of bone.

hMSC in the constructs showed a typical elongated morphology and partly formed cell
clusters. The hMSC were vital over a time span of 22 days in the printed PEGDA construct. The 
nano particular calcium phosphate is supposed to make the scaffold osteoinductive and stif-
fer. However, the mechanical properties of digital light printed scaffolds do not meet the ones 
from bone tissue yet and may could be supported by a mechanical stable outer ring structure 
of another 3-D manufacturing technology. 
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Electrical resistance testing for
biodegradable magnesium implants 

Sebastian Meyer, Norbert Hort, Björn Wiese, Regine Willumeit-Römer 
Helmholtz-Zentrum hereon 

Metals such as magnesium cannot be reshaped to any extent due to their limit in plasticity and 
work hardening. Regular recrystallization can not only increase the deformation limit, but also 
adjust the microstructure. Electrical resistance testing offers a fast and non-destructive method, 
which is very sensitive to microstructural features and crystal defects.

Matthiessen’s rule states that the resistivity of a material is composed of the sum of several 
independent scattering processes, which add up which their respective resistivities. Dilute binary 
magnesium alloys increase in resistivity proportional to the atomic percent. In the
magnesium silver system with contents of 0.45, 0.91 and 1.42 at.% silver a increase of
6.58 ± 0.06 nΩm/at.% was quantified.

Mechanically strain influences the resistivity due to introduced crystal defects. Based on 
cold-drawn magnesium wires, the grain size, solution state and textural changes are shown and 
discussed in this study. The condition of the material can be quantified by linear increase of 8.96 
± 0.17 nΩm per unit strain.

The resistivity measurement enables the classification of the deformation state and work
hardening in magnesium parts. Therefore, it has special potential to monitor recrystallization 
and allows time tailored processes. This non-destructive characterisation method pushes the 
process limits and allows verification of the necessary mechanical properties of critical implants.
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Battery Research at Kiel University
from fundamentals to industry 

Dr. S.Hansen, Dr. J. Jacobsen, Prof. Dr.R. Adelung

Actually, four major battery-based projects are running at the Faculty of Engineering in that 
industry cooperation takes place on various levels. In the SusiBaby project the CAU coope-
rate with Technicon GmbH, nascit GmbH and associated with thyssenkrupp Marine Systems 
GmbH. During this project, a more efficient and environmentally friendly high-performance 
lithium-ion battery (LIB) is to be developed. Therefore, CAU-developed silicon anodes will be 
combined with sulfur-based cathodes inside a battery. In this project, the Nanoscale Sculptu-
ring process will be used to structure the surface of light metals and stainless steel by etching 
back-hook structures, enabling a more efficient use of materials and processes. In the SiLiNE 
project the CAU cooperate with RENA Technologies GmbH and Fraunhofer ISIT. Within this 
project, the upscaling of high-performance anodes, that are made of 100% porous silicon 
(PorSi anodes), is to be realized. In contrast to other approaches for silicon anodes, this one 
has no need of inactive additives and solves the volume expansion by selective electro-
chemical etching of a microstructure. These anodes will be installed together with NMC
cathodes in pouch cells and should achieve an energy density of at least 1000 Wh/l, which 
is a significant increase compared to the current state of the art. In addition, the associated 
facilities have to be developed and scaled up until the status of a scalable industrial process is 
reached. In order to fully characterize battery activities, the BAEW project establishes a joint
laboratory for the installation and testing of batteries.

Together with the chair of power electronics (CAU Kiel) adequate testing methods and
equipment will be installed to simulate and emulate a digital twin of novel battery materials in 
order to achieve new power plants. In CRC Neurotronics, alternative charge carriers are
characterized by using a small nanobattery to mimic ion transport in the brain, since a battery 
and the diffusion pathways in the Na and K pumps are quite similar. Therefore, transition
metal dichalcogenides (e.g. MoS₂) deposited on tetrapodal ZnO templates are used as
cathode materials, because they exhibit excellent memristive behavior by changing their ionic 
conductance when alkaline ions are intercalated into them. 
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In Operando Soft X-Ray Photoemission Spectroscopy of 
TaS2 and HfS2 based memristive devices

Tammo Zimmermann¹, Alena Nierhauve¹̕², Matthias Kalläne¹̕², Jens Buck¹̕², Zhansong Geng³,
Chao Zhang³, Frank Schwierz³, Martin Ziegler³, and Kai Rossnagel¹̕²̕⁴

¹Institut für Experimentelle und Angewandte Physik, Christian-Albrechts-Universität Kiel, 24098 Kiel, 
 Germany
²Ruprecht-Haensel-Labor, DESY and CAU Kiel, 22607 Hamburg and 24098 Kiel, Germany
³Department of Electrical Engineering and Information Technology , TU Ilmenau, 98684 Ilmenau,  
 Germany
⁴Deutsches Elektronen-Synchroton DESY, 22607 Hamburg, Germany

In neuromorphic engineering interface-based memristive devices (IMDs) are promising 
candidates to mimic synaptic behavior. A refined understanding of bias-induced changes in the 
band structure and the underlying transport mechanisms of layered transition-metal 
dichalcogenide-based IMDs will improve the development toward future applications, e.g., in 
artificial neural networks. 

Here, we show first in operando position- and momentum-resolved soft x-ray photoemission 
spectroscopy measurements obtained from transistor-likeTaS₂- and HfS₂-based IMDs.
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SAW Magnetic Field Sensors
based on thin film AlScN

J. M. Meyer¹, V. Schell², J. Su¹, S. Fichtner¹̕², E. Yarar¹, F. Niekiel¹, T. Giese¹, A. Kittmann², L. Thormählen², V. 
Lebe-dev³, S. Moench³, A. Žukauskaitė³, E. Quandt² and F. Lofink¹

1 Fraunhofer Institute for Silicon Technology ISIT, Fraunhoferstrasse 1, 25524 Itzehoe, Germany. 
2 Institute for Materials Science, Kiel University, Kaiserstraße 2, 24143 Kiel, Germany. 
3 Fraunhofer Institute for Applied Solid State Physics IAF, Tullastrasse 72, 79108 Freiburg, Germany.

Surface acoustic wave (SAW) based magnetic field sensors were shown to take advantage of 
a promising sensing principle of magnetic fields using the change of the Young’s modulus (∆E 
effect) of magnetostrictive films. For the fabrication of SAW sensors, the use of piezoelectric 
single-crystal substrates such as quartz or LiNbO₃ is state-of-the-art. Thin-film technology 
would enable a larger material flexibility, a reduction in chip size, a better integrability in
standard MEMS and CMOS fabrication technology and thus also better scalability of the tech-
nology and the possibility for a design of multilayer stacks, which can increase both the
attractiveness and performance of the sensor. [1] 

For that purpose, a thin-film of AlN is a promising piezoelectric material due to the high wave 
velocity (~4500 m/s [2]), good mechanical and dielectric properties, high thermal conduc-
tivity, and high breakdown voltage. By alloying AlN with Sc, the electromechanical coupling 
can be enhanced significantly while the attractive material properties of AlN are preserved 
[3]. Additionally, by varying the Sc concentration crucial parameters such as the phase velocity 
and the electromechanical coupling can be tuned. Thin-film AlScN can be fabricated with 
standard semiconductor technology at reasonable cost on larger wafer sizes and an easier 
process integration is possible what shows the benefits compared to bulk piezoelectric wafers. 
In this paper a SAW magnetic field sensor with an acoustically active area consisting of an 
AlScN layer that can be excited with interdigital transducers, a smoothing SiO₂ layer, and a 
magnetostrictive FeCoSiB film is presented [1]. The magnetic field sensors are characterized in 
terms of phase shift induced by the applied magnetic field, the corresponding sensitivity and 
their frequency dependent noise behavior. The detection limit of the presented sensor is 2.4 
nT /√Hz at 10 Hz and 72 pT /√Hz at 10 kHz at an input power of 20 dBm. The dynamic range 
was found to span from about ±1.7 mT to the corresponding limit of detection, leading to a 
dynamic range of about 8 orders of magnitude. Therefore, the sensor could be used for 
a variety of modern measuring tasks, such as the control of modern power switches. [1]

[1] Meyer, J. M. et al. “Thin-Film-Based SAW Magnetic Field Sensors”. Sensors, 21(24), 8166, 2021. 
[2] Kurz, N. et al. "Experimental determination of the electro-acoustic properties of thin film AlScN using 
      surface acoustic wave resonators". Journal of Applied Physics, 126(7), 075106, 2019. 
[3] Fichtner, S. et al. “Identifying and overcoming the interface originating c-axis instability in highly Sc 
      enhanced AlN for piezoelectric micro-electromechanical systems”. J. Appl. Phys., 122, 035301, 2017. 

This work was funded by the German Research Foundation (DFG) through the Collaborative Research 
Centre CRC 1261 “Magnetoelectric Sensors – From Composite Materials to Biomagnetic Diagnostics”. 
Additionally, this work was supported by the Fraunhofer Internal Programs under Grand No. MAVO 840 
173.
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Charting excitons-photon interactions in WSe₂ 
beyond the non-recoil approximation

Fatemeh Chahshouri¹, Masoud Taleb¹, Florian K Diekmann¹, Kai Rossnagel¹̕², Nahid Talebi¹

1Institute of Experimental and Applied Physics, Kiel University, 24098 Kiel, Germany
2Ruprecht Haensel Laboratory, Deutsches Elektronen-Synchrotron DESY, 22607 Hamburg, Germany

Cherenkov radiation (CR) from electrons propagating in materials with a high refractive index is 
often used as a radiation source for various applications. Particularly, CR is applied for
generating and tailoring high-power terahertz (THz) electromagnetic waves¹ and efficient
particle-detectors². The generated photons due to CR exhibit a spectrally narrow linewidth and 
can couple with excitons, when semiconductor materials are used. Strong exciton-photon inter-
actions, can lead to the emergence of exciton-polariton hybrid quasiparticles with peculiar
characteristics, and a tendency toward macroscopic and spontaneous coherence.
Normally, non-recoil approximation3 which neglects the effect of electron deceleration in
materials is used to model CR. Here, we report for considering the effect of electron-beam
deceleration on the radiated power and exciton-photon interactions in nm-thick WSe₂ crystals⁴. 
The calculation of the Cherenkov radiation is performed by simulating the energy distribution of 
an electron beam propagating inside a thickWSe₂ using the Monte Carlo method⁵, and ascer-
taining the radiating power from electron beams with Liénard–Wiechert retarded⁶ vector and 
scalar potentials.
Using this approach, we numerically demonstrate that in thick flakes the radiation due to the 
electron-beam deceleration is the dominating mechanism of far field radiation, and agrees well 
with the experimental cathodoluminescence spectra. We further demonstrated that captred CR 
in thick slabs could cause Fabry-Perot resonances that emerge as fine structures in the acquired 
CL spectra and demonstrate the fully coherent process of CR emission, happening due to its 
phase-matched excitation nature, with respect to the evanescent field accompanying the
moving electron beam inside the material. The findings of this work pave the way for an accu-
rate design of particle scintillators and detectors based on the strong-coupling phenomenon.
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A new photochromic metal-organic framework:
Turn-on luminescence through a variety of physical stimuli  

References: 
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Precise non-assembly mechanisms by 4D-printing

by Felix Harden | Technische Hochschule Lübeck

Additive Manufacturing techniques offer several potentials for future design and production.
One of these potentials are non-assembly mechanisms, movable mechanisms which need no 
assembly after production. However, until today the potential of non-assembly mechanisms 
cannot be fully exploited due to unsolved challenges in tolerancing of such mechanisms.
Especially mechanisms consisting of kinematic pairs face major tolerancing issues. This research 
shows how tolerancing issues can be overcome by the deliberate use of intrinsic and printing-
induced shrinking processes. Therefore, non-assembly mechanisms produced by Multi-
Material-Printing using fused layer modeling (FLM) are heat-treated after the printing process to 
reduce and adjust the joint clearance.

This research has shown that it is possible to reduce the clearance of FLM printed non-assembly 
mechanisms consisting of kinematic pairs to a transition fit by means of multimaterial printing 
with specfic
materials and a subsequent heat-treatment. This allows a precise movement of these
mechanisms. The results of generic revolute joints could be transferred to a more complex 
non-assembly Watt’s linkage. It was found that polylactic acid is a suitable material for the
shrinking process. The reason is low polymer chain mobility which enables suppression of orien-
tation relaxation and crystallization by rapid cooling. While heat treatment the orientations can 
be relaxed and a cold crystallization can be performed. The contracting effect of these processes 
can be used in order to shrink the outer body of a kinematic pair onto the inner body and adjust 
the clearance in a non-assembly mechanism consisting of kinematic pairs.

Keywords: 4D-printing, Fused layer modeling, Joint clearance, Multi-material printing, Non-assembly
mechanisms
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In operand soft X-ray spectroscopy of the plasma-solid
interface with PISA

by Florian Diekmann | CAU Kiel

The tremendous potential of plasmas in technological applications is presently not fully 
exploited because the interaction of plasmas with condensed matter is only poorly
understood. Many plasma applications rely on processes happening at the plasma boundary,
e.g., at an electrode, at the walls of a plasma chamber, at a solid substrate in a sputtering
chamber, or at the surface of a nanoparticle in the plasma. A combination of gas-phase and
surface near-edge X-ray absorption fine structure (NEXAFS) spectroscopy and photoelectron 
spectroscopy using a novel reflectron time-of-flight spectrometer is used to probe both sides 
of the plasma-solid interface, i.e., the electron- and ion-depleted plasma sheath as well as the 
electron accumulation layer at the solid surface.

Keywords: NEXAFS, Plasma, TMDC
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Multispectral time-resolved energy-momentum microscopy
using high-harmonic extreme ultraviolet radiation

Nils Wind¹’², Michael Heber³, Dmytro Kutnyakhov³, Federico Pressacco³ and Kai Rossnagel²’⁴

1) Institut für Experimentalphysik, Universität Hamburg, 22761 Hamburg, Germany
2) Ruprecht Haensel Laboratory, Deutsches Elektronen-Synchrotron DESY, 22607 Hamburg, Germany
3) Deutsches Elektronen-Synchrotron DESY, 22607 Hamburg, Germany
4) Institut für Experimentelle und Angewandte Physik, Christian-Albrechts-Universität zu Kiel, 24098 Kiel,  
    Germany

A 790-nm-driven high-harmonic generation source with a repetition rate of 6 kHz is combined 
with a toroidal-grating monochromator and a high-detection-efficiency photoelectron time-of-
flight momentum microscope to enable time- and momentum-resolved photoemission
spectroscopy over a spectral range of 23.6–45.5 eV with sub-100-fs time resolution. Three-
dimensional (3D) Fermi surface mapping is demonstrated on graphenecovered Ir(111) with 
energy and momentum resolutions of <100 meV and <0.1 Å−1, respectively. The table-top
experiment sets the stage for measuring the kz-dependent ultrafast dynamics of 3D electronic 
structure, including band structure, Fermi surface, and carrier dynamics in 3D materials as well 
as 3D orbital dynamics in molecular layers.
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Tour with MS Stadt Kiel on Wednesday, 29.06.2022

A special evening on board of „MS Kiel“
MS "Stadt Kiel" is a symbol of maritime
nostalgia and a landmark of Kiel. We would 
like to round off the first day of the
conference with a tour of Kiel, including a 
reception and culinary meal.

Material Basar und Posterviewing

is on view throughout the conference. Here you will have the opportunity to meet experts and 
network with local companies.

Since exciting and novel materials are often in the focus of hot topic applications as biome-
dical or energy sciences, an exchange bazar for materials is planned. Participants are invited 
to bring samples of their highly interesting research and exchange it with others. A table will 
be provided where the materials can be put onto display alongside description and contact 
information of the responsible scientists. Locally and internationally synthesized materials as 
well as contact information for exciting networking can then be exchanged.

Diels Planck Lecture and Doctoral Thesis Awards Ceremony by Kiel Nano Surface and
Interface Science (KiNSIS) on Thursday, 30.06.2022

Since 2014, the members of the priority research area KiNSIS (Kiel Nano Surface and Interface 
Science) annually award renowned international researchers in the nano and surface sciences 
the Diels Planck Medal. At a keynote lecture, the Diels-Planck-Lecture, the awardees give 
insights into their research and get into contact with promising young researchers from Kiel, 
since the best dissertations within the fields of Nano and Surface Science at Kiel University are 
traditionally also awarded at this event.

The lecture series is named after the originators of the nanosciences in Kiel, the Nobel
laureates Max Planck and Otto Diels.

Max Planck, born in Kiel in 1858, was appointed to a professorship in theoretical physics at 
Kiel University in 1885. In 1918, he was awarded the Nobel Prize in Physics for his pioneering 
work in quantum physics, which forms the basis for the description of nanostructures.

Otto Diels was professor of chemistry in Kiel until his retirement in 1945. Together with his 
doctoral student Kurt Alder, he discovered and developed a class of chemical reactions that 
are among the most important methods for producing chemical compounds and nano-
materials. In 1950 Diels received the Nobel Prize in Chemistry.
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The previous Diels-Planck-Lecture award winners are:

2021 R. Stanley Williams, Texas A&M University (USA)
2020 Professor Michael Grätzel, École Polytechnique Fédérale de Lausanne-EPFL (Schweiz)
2019 Professor Zhong Lin Wang, Georgia Institute of Technology (USA)
2018 Professorin Maki Kawai, Generaldirektorin des Institute for Molecular Science, Okazaki 
          (Japan)
2017 Professor Aldo R. Boccaccini, FAU Erlangen-Nürnberg und Imperial College London  
          (Great Britain)
2016 Professor Sotiris Pratsinis, ETH Zürich (Switzerland)
2015 Professor Ben Feringa, Universität Groningen (Netherlands)
2014 Dr. Gerhard Meyer, IBM Research Laboratory in Zürich (Switzerland)

The award winner of 2022 will be announced soon.

About Kiel Nano Surface and Interface Science (KiNSIS)

In the priority research area „Kiel Nano Surface & Interface Science“ (KiNSIS), around 120 scien-
tists from the fields of physics, chemistry, engineering and life sciences are jointly researching 
structures and processes in the nanocosmos. Since 2014, the interdisciplinary network has been 
supporting its members to enter into larger interdisciplinary collaborations and to promote out-
standing young researchers with excellent framework conditions. A modern infrastructure and 
national as well as international partnerships from science and industry support the application 
of current research results.The successful close cooperation across disciplinary boundaries is 
reflected, for example, in third-party funded research networks such as  Collaborative Research 
Centers 1461 – Neurotronics: Bio-inspired Information Pathways and 1261 – Magnetoelectric 
Sensors: From Composite Materials to Biomagnetic Diagnostics and Research Training Group 
2154 – Materials for Brain: Thin Film Functional Materials for minimally iInvasive Therapy of 
Brain Diseases
www.kinsis.uni-kiel.de/en

http://www.kinsis.uni-kiel.de/en
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Women in Science and Engineering Breakfast (WSEB) on Friday, 01.07.2022

We are pleased to announce the second “Women in Science and Engineering Breakfast”. After 
a first, very successful event at the Intelligent Materials conference in 2019, we will continue 
this interactive format at the upcoming International Intelligent Materials 2022.

The concept includes different theme tables covering various career, family and other
interesting topics. Outstanding female scientists will have breakfast together with the
participants at a theme table and exchange their knowledge and experiences on a topic they 
are experts in.The event will take place during the conference, but not parallel to the main 
program. Participants will therefore not miss any conference presentations.

The topics offered at the “Women in Science and Engineering Breakfast” will be announced 
soon, so please check the online program for updates:

With this event, we want to provide an informal setting and a relaxed atmosphere in which 
the participants and experts can talk and exchange each other on the different topics.

We are looking forward to your registration for the Women in Science and Engineering
Breakfast!

Excursion to the laboratories of Kiel University on Friday, 01.07.2022

Kiel University will open its doors on this day to visit the laboratories for the IIM conference 
participants.

Transfers have already been arranged and the lab directors are already looking forward to 
your visit. There you will be informed in more detail about the equipment and its use.
Registration is required so that we can plan ahead.
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Magnetoelectric Sensors

Collaborative Research Center 1261 – Magnetoelectric Sensors: From Composite Materials to Bio-
magnetic Diagnostics

The detection of magnetic field distributions in the region of the head or torso allows for power-
ful diagnostics of brain (magnetoencephalography MEG) or heart (magneto-
cardiography MCG) functions. Systems used as routine diagnostic tools need to be esy-to-hand-
le and cost-effective, thus operation at room temperature is desirable. Magnetic field sensors 
based on miniaturized magnetoelectric composites, i.e., composites consisting of at least one 
magnetostrictive and one piezoelectric component, have revealed their potential to detect sub-
pT fields at room temperature under certain conditions.

The general objectives of the CRC 1261 are the investigation and development of different ma-
gnetoelectric sensor approaches with a special focus on high sensitivity at biomagnetic frequen-
cies and their evaluation and utilization in medically relevant applications. The research program 
to pursue these goals requires intensive interdisciplinary collaboration between materials 
scientists, electrical engineers, and physicians (neurology and cardiology).

At the International Symposium on Intelligent Materials IIM 2022, there will be a special session 
focusing on the topics of the CRC 1261. Leading international researchers and researchers from 
Kiel will discuss their latest results in the area of magnetoelectric sensor development.

Spokesperson of the CRC 1261
Prof. Dr. Gerhard Schmidt
Institute of Electrical
Engineering and Information Engineering Christian-Albrechts-Universität zu Kiel (Germany) 

Contact:
sfb1261@tf.uni-kiel.de
gus@tf.uni-kiel.de

mailto:sfb1261%40tf.uni-kiel.de?subject=
mailto:gus%40tf.uni-kiel.de?subject=
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Materials for Brain
Research Training Group 2154 – Materials for Brain: Thin film functional materials for minimally invasive 
therapy of brain diseases

The treatment of patients with chronic brain diseases is mainly based on systemic drug 
treatments. Sufficiently large drug concentrations in the brain are often accompanied by side 
effects affecting other organs in the body. Neural implants, which allow localized and indi-
vidualized therapy, will be an alternative solution if they can be made compact, bio-
compatible, resilient, and highly flexible, particularly when used in kids and teens. Defined 
nano-scale, therapeutically active coatings as well as suitability of the implants for diagnostics 
with magnetic resonance imaging (MRI) can open up fresh prospects for novel therapies. In 
order to reach these goals, micro-structured functional materials based on thin film techno-
logy are investigated for innovative local treatment of epilepsies, brain tumors, and vascula 
diseases. Material-controlled drug release and implant interactions with cells are initially 
studied using cell cultures. Subsequently, the effect of the implants on specific structures and 
functions of the brain is investigated in disease-related animal models by histological and in 
vivo approaches using MRI and functional tests (behavioral tests, electroencephalography).

In addition to this research program, a central aspect of the RTG “Materials for Brain” is the 
training of doctoral researchers in a highly interdisciplinary and international research net-
work. The structured research and qualification program specifically serves as a platform for 
international exchange. 
At the IIM 2022, a variety of topics will be addressed that are of high relevance to the RTG 
2154, as leading national and international researchers will discuss their latest research re-
sults in the area of biofunctional materials with researchers from Kiel.

Spokesperson of the RTG 2154:
Prof. Dr. Rainer Adelung 
Institute for Materials Science
Christian-Albrechts-Universität zu Kiel, (Germany)

Contact:
grk2154@tf.uni-kiel.de
www.grk2154.uni-kiel.de
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Neurotronics
Collaborative Research Center 1461 – Neurotronics: Bio-inspired Information Pathways

As a result of evolution, animals are well adapted to their ecological niche. This implies species 
specific interaction with their environment by sensory cues and appropriate 
behavior. The underlying information pathways in pattern recognition and cognitive tasks are of 
special interest as a platform for reverse engineering and represent guidelines for entirely new 
computing architectures.
Within the CRC 1461, a multidisciplinary team of researchers from neuroscience, biology, 
psychology, physics, electrical engineering, materials science, networks science, and nonlinear 
dynamics studies fundamental information pathways in selected nervous systems with respect 
to their potential use as building blocks for novel hardware-oriented computing.
Abstract models of the information processes represent the key link to bio-inspired
electronics. Vice versa, through theoretical and experimental findings in neuromorphic circuits, 
biologists gain a deeper understanding of the information processing in nervous systems.
As part of the CRC, they specifically explore the topological und dynam- ical phenomena in 
evolutionary early creatures. Central themes of the CRC are complex interwoven mechanisms 
including neuronal synchrony, self-organized criticality, plasticity, connectomics, and nervous 
system growth under external stimuli. Together with memristive and memsensor devices, micro 
electro mechanical systems (MEMS), and application-specific integrated circuit (ASIC) technology 
innovations in various fields such as robotics and brain implants are envisioned.
The goal is to turn a new page in information technology. At the IIM 2022, a special session will 
cover the topics of the CRC 1461.

Spokesperson of the CRC 1461:
Prof. Dr. Hermann Kohlstedt
Christian-Albrechts-Universität zu Kiel (Germany); Institute of Electrical Engineering and Information
Engineering (EE&IE); www.crc1461-neurotronics.de

Contact: hko@tf.uni-kiel.de

http://www.crc1461-neurotronics.de
mailto:hko%40tf.uni-kiel.de?subject=
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Exhibition & Sponosoring conditions

Sessions 950 EUR

Topics  850 EUR

Programme Advertisement
Back cover (U4)  500 EUR
Inside front cover (U2)  450 EUR
Inside back cover (U3)  350 EUR
Regular page inside  300 EUR
Regular page inside for exhibitors  220 EUR

Advertising Material
Flyers/brochures on the plenary hall seats  300 EUR
Flyers/brochures at the check-in  150 EUR
Hand-out of various gifts at the check-in  150 EUR

Conference Material
Conference bags  1,500 EUR
Lanyards  500 EUR
Writing pads  350 EUR
Pens  350 EUR
Social Events  1,000 EUR
Coffee breaks (Wed, Thu, or Fri)
Lunch break (Wed, Thu, or Fri)
Poster evening (Wed)
Lunch packages (Fri)

Conference Dinner  1,500 EUR
The venue of the Social Evening will be the
MS „Stadt Kiel“, an historical ship and technical cultural monument.

Poster Price  1,000 EUR
A representative of your company will hand over the award for the best
three posters. The certificates will be branded with your company logo.

Poster Exhibition  500 EUR
Your company logo will be printed on every poster number label, which 
will be affixed to every poster. As sponsor of the conference, your company
logo and profile will be placed on the conference website and in the
program brochure.

All exhibition, advertisement, and sponsoring fees are in Euros.

Sponsoring
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Exhibition

The exhibition will be held in conjunction with the conference. Coffee
breaks, lunch, and poster sessions will be held in the exhibition area.
Price for 6 m²       1,050 EUR

This includes:
 ▪ Publication of your company logo and company profile    

         (max. 1,000  caracters) on the conference
 ▪ website and in the program brochure
 ▪ 1 exhibitor pass which is also valid to visit the scientific program
 ▪ Furniture (table, chairs), electricity
 ▪ Additional technical support, furnishing and/or catering are    

         available for an additional fee on request.

Each additional person can receive a discount in the amount of     450 EUR

Special Offers for Exhibitors:
 ▪ One Congress lecture     1,050 EUR
 ▪ Participation in Meet the Expert        500 EUR
 ▪ Participation in Panel Discussion as expert        800 EUR
 ▪ Company film presentation on the monitors during the brea     500 EUR

Exhibition

Exhibition conditions
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ATLANTIC HOTEL

HOW TO REACH THE ATLANTIC HOTEL KIEL

ARRIVAL BY CAR
ATLANTIC Hotel Kiel is located opposite the main train station. When coming from the A 7,
please follow the A 215 at the Bordesholm motorway junction and drive the next 21 km in
direction Blumenthal / Kiel. At the end of the A 215, carry on straight into the Schützenwall 
street. After 1.2 km, turn right onto Ziegelteich street and, at the end of the street, right into 
Kaistraße street. After approx. 250 m turn right into Raiffeisenstraße street. 

Immediately thereafter, you will see an entrance to a holding strip directly in front of the main 
entrance, for loading and unloading. Please ask for “short-term stopping permission” from the 
reception desk, so that you can load or unload your baggage conveniently.

PARKING FACILITIES
Close to the hotel there are two public car parks, the car park ZOB at the Auguste-Viktoria-
Strasse 8 and the car park CAP at the Kaistrasse 54. Both car parks are accessible 24/7.
To get an overview of the parking opportunities please visit our website:
https://intelligent.i-grat.de/the-conference/conference-venue/location-approach/

BY TRAIN
Kiel main train station is located directly opposite the hotel. Trains leave Hamburg main train 
station to Kiel every hour.

BY PLANE
When coming from Hamburg airport by car, ATLANTIC Hotel Kiel can be reached via the A 7,
direction Flensburg / Kiel. With the taxi or airport transfer bus “Kielius”, the hotel can be
reached in a mere 75 minutes..

CONTACT ATLANTIC HOTEL
Raiffeisenstrasse 2
24103 Kiel
T +49 (0) 431 / 374 99 -0
F +49 (0) 431 / 374 99 -500
kiel@atlantic-hotels.de
www.atlantic-hotels.de/kiel

https://intelligent.i-grat.de/the-conference/conference-venue/location-approach/ 
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CONFERENC ORGONISER

Organization of conferences, training courses and workshops

ORIENTATION COURSE- CSR
10. 11.2022
Online

Target group
Persons responsible for the theme of CSR

Workshop Chair
Prof. Dr. Christoph Schank

WORKSHOP-DIGITAL
22. 11.2022
Online

Target group
For professionals, organizers and authorized

Workshop Chair
Professor Dr. Andreas Hense

EVENTS?
CONTACT US

  Congress
   FURTHER EDUCATION  WORKSHOP

 COMPANY- & PRODUCT PRESENTATION DIGITALISATION

    EXCURSION

Congress Office
Conferences and trainings
M: info@i-grat.de
W: https://institut.i-grat.de

https://institut.i-grat.de
https://institut.i-grat.de
mailto:info%40i-grat.de?subject=
https://institut.i-grat.de
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