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Preface

Liebe Leserinnen
und Leser,

das Jahr 2023 war fiir unser Institut eines der wirtschaft-
lich erfolgreichsten Jahre seiner Geschichte. Der Haupt-
grund dafir ist der Start des IKZ Sondertatbestandes
“Kristalltechnologie ftir Technologie-Souverdnitdt”.

Das IKZ erweitert seine Strategie in Richtung Forschung
und Entwicklung (F&E) von kristallinen Prototypmateriali-
en fur Elektronik und Photonik. Dies beinhaltet die
Herstellung und Lieferung von prézisen Kristallprototypen
in kleinem Mafstab an Technologiepartner zur Evaluie-
rung und zum Benchmarking neuer Technologien.

Das IKZ erhdlt ab 2023 jéhrlich rund 2,2 Millionen €
zusétzlich zu seinem Kernbudget. Diese finanziellen Mittel
werden es uns ermdéglichen, das IKZ als einzigartige
Forschungseinrichtung in Europa und Deutschland fiir die
Technologieentwicklung auf der Basis innovativer Kristalle
zu positionieren. Um diese Strategie in die Praxis umzuset-
zen, haben wir im Jahr 2023 zweij grof3e Projekte begon-
nen: Zum einen haben wir das IKZ Kristallprototypenlabor
fur Oxide & Fluoride aufgebaut. Hier wird an speziellen
Wachstumsstationen das Wachstum spezifischer Kristalle
von Oxiden und Fluoriden untersucht und im Hinblick auf
die von den Technologiepartnern gewiinschten Parameter
optimiert. Zweitens wird das IKZ Kristallprédparationslabor
um einen zweigeschossigen Laborbau erweitert, der in die
Kristallziichtungshalle des IKZ integriert wird. Wir
bendtigen diese zusdtzlichen Kompetenzen in der Kristall-
prdparation, um unseren Technologiepartnern und
Kunden hochprdzise Kristallkomponenten zu liefern.

Neben diesem strategischen Férderprogramm von Bund
und Ldndern war das IKZ im Jahr 2023 auch bei der
Einwerbung weiterer Projektmittel erfolgreich: Insgesamt
freuten sich die IKZ-Wissenschaftlerinnen und Wissen-
schaftler tiber die Bewilligung von Projektmitteln der
oOffentlichen Hand und der Industrie im Gesamtwert von
rund 4,1 Mio. €. Diese wissenschaftlich-technischen
Projekte werden auch in den kommenden Jahren im
Mittelpunkt der Forschungs- und Entwicklungsaktivitéten
des IKZ stehen. Zweifellos waren die gesellschaftlichen
und politischen Rahmenbedingungen fiir Bildung,
Forschung und Entwicklung in Deutschland im jahr 2023
schwierig. Der Inflationsdruck im jahr 2023 erhéht die
Kosten auf fast allen Ebenen. Hauptkostentreiber fiir das
IKZ im Jahr 2023 waren die gestiegenen Personalkosten
in einer Gréfsenordnung von 10 % (basierend auf den
Ergebnissen des neu verhandelten éffentlichen Tarifsys-
tems) sowie Steigerungen bei allen Arten von Verbrauchs-
materialien und Baukosten. Um wettbewerbsféhig zu
bleiben, miissen wir auf diese Herausforderungen mit
einem agilen Management und modernsten wissenschaft-
lichen und technologischen Ideen reagieren. Und das
haben wir getan!

Auf der Grundlage der oben erwéhnten erweiterten
IKZ-Strategie und dank substanzieller Finanzierungserfolge
konnten wir das IKZ im Jahr 2023 nicht nur voll funktions-
fdhig halten, sondern auch ein weiteres Wachstum unseres
Instituts anstreben und realisieren. Wir haben neue
Mitarbeiterinnen und Mitarbeiter eingestellt und unseren
wissenschaftlichen und technologischen Output entspre-
chend erhéht. Ein wichtiges Engagement ist die Ausbildung
junger Studenten im Bereich der Festkérperphysik und
-chemie. Die Zahl der Promovierenden am IKZ ndhert sich
im Jahr 2023 der Zahl von 30 Personen, ein Wert, der
dreimal so hoch ist wie die durchschnittliche Zahl der
Promovierenden im vorangegangenen Evaluierungszeit-
raum unseres Instituts (2013-2018). Dariiber hinaus wird
jedes Jahr eine hohe Anzahl von Bachelor- und Masterar-
beiten von unseren Wissenschaftlern betreut und abge-
schlossen. Die Absolventen des IKZ haben in der Regel
keine Schwierigkeiten, einen Arbeitsplatz zu finden und
sind in einem breiten Spektrum von Bereichen tétig
(Industrie, Wissenschaft, Beratung, Verwaltung, Bildung).
Angesichts dieser verstdrkten Aktivitéten in Wissenschaft
und Technologie missen wir auch unser administratives
und technisches Personal aufstocken. Wir haben Ende
2023 eine Reihe von Stellen in diesen Bereichen ausge-
schrieben und hoffen, diese Stellen Anfang 2024 besetzen
zu kénnen, um unsere Teams zu verstdrken.

Hinsichtlich der strategischen Ausrichtung des IKZ in der
EU und in Deutschland wird die vorhandene Gebdudeinf-
rastruktur immer mehr zum limitierenden Faktor. Seit
2018 haben wir eine grofse Anzahl an Baumafnahmen
durchgefiihrt, um die Nutzung der Gebdudeinfrastruktur
zu verdichten und zu optimieren. Viele Labore wurden
modernisiert und saniert. Diese MaSnahmen sind
dringend notwendig, aber es gibt natiirlich auch Grenzen:
Die Gebdudeinfrastruktur erlaubt lediglich eine gewisse
Versorgung mit Strom und technischen Medien. Dariiber
hinaus néhert sich das Gebdude der Grenze seiner
Lebensdauer (>30 Jahre), so dass die Instandhaltungskos-
ten steigen. Die Biirofldchen sind begrenzt und nur durch
eine moderne Organisation der Arbeitszeit (z.B. mobiles
Arbeiten & in Zukunft nicht personalisierte Biirofidchen)
sehen wir eine gute Chance, unseren Mitarbeiterinnen und
Mitarbeitern auch in Zukunft eine addquate Qualitét an
Arbeitsplédtzen zu bieten.

Mein Dank gilt allen Kolleginnen und Kollegen im IKZ, die
das Institut mit ihrem taglichen Engagement unterstiitzen!
Viel Spafs beim Lesen des IKZ-Jjahresberichtes 2023 mit
vielen spannenden wissenschaftlichen & technologischen
Erfolgen.

Thomas Schroeder



Preface

Dear Readers,

2023 was one of the most financially successful years in
the history of our institute. The main reason is given by
the start of IKZ's extraordinary item of expenditure
"Crystal Technology for Technology Sovereignty".

IKZ extends its strategy towards research & development
(R&D) of crystalline prototype materials for electronics &
photonics. It implies the small-scale manufacturing &
delivery of precise crystal prototypes to technology part-
ners for evaluation & benchmarking of new technologies.
Since 2023, IKZ receives annually around 2.2 million € in
addition to its core budget. These financial means will
allow us to position IKZ as the unique R&D platform in
Europe & Germany for technology development based on
innovative crystals. We started two major projects to put
this strategy in practice in 2023: Firstly, we built up the
IKZ Crystal Prototyping Laboratory for Oxides & Fluorides.
Here, on dedicated growth stations, the growth of specific
crystals of oxides and fluorides is investigated and
optimized with respect to parameters requested by the
technology partners. Secondly, the IKZ Crystal Preparation
Laboratory will be extended by a two-floor laboratory
construction. This structure will be implemented into IKZ's
Crystal Growth Hall. We need these additional crystal
preparation skills to deliver highly precise crystal compo-
nents to technology partners & customers. Besides this
strategic funding program by federal and state govern-
ment bodies, IKZ was also successful on acquiring further
project funds in 2023: In total, IKZ scientists were happy
to receive the approval of public & industrial project funds
with a total value of about 4.1 million €. These science &
technology projects will be at the very heart of IKZ's
research & development activities in the coming years.

IKZ Annual Report 2023 3

Without doubt, societal & political boundary conditions
for Germany’s education & research & development were
difficult in 2023. Inflation pressure raised costs on almost
all levels. In 2023, main cost drivers for IKZ were the
increase in staff costs on the scale of 10 % (based on the
results of the newly negotiated public salary system) plus
increases on all kind of consumables & construction costs.
Certainly, we need to respond to these challenges by an
agile management and state-of-the-art scientific &
technological ideas to stay competitive. So we did! Based
on the above mentioned extended IKZ strategy & substan-
tial funding successes, we could keep IKZ not only fully
operational but we targeted & realized also further growth
of our institute. We hired new staff and increased accord-
ingly our scientific & technological output. An important
commitment is the education of young students in the
fields of solid-state physics & chemistry. In 2023, IKZ's
number of PhD students approached about 30 persons, a
value three times higher than the average number of PhD
students in our institute’s previous evaluation period
(2013-2018). Furthermore, a high number of B.Sc. & M.Sc.
theses is supervised by our scientists and finished every
year. IKZ's alumni face no problems in general to find jobs
and target a wide spectrum of activities (industry,
academia, consulting, administration, education). Given
these increased activities in science & technology, we also
need to scale our administrative & technical staff. At the
end of 2023, we announced a number of positions in these
areas and hope to fill these vacancies to strengthen our
teams early 2024.

The limiting factor for IKZ s strategic role in EU & Germany
becomes more & more the given building infrastructure.
Since 2018, we carried out a high number of construction
activities to densify & optimize the use of the building
infrastructure; e.g. many laboratories were modernized
and refurbished. These measures are highly necessary but
there are certainly hard limits: The building infrastructure
allows for a certain supply of power & media and the
building is furthermore approaching its lifetime limit

(>30 years) so that maintenance costs increase. Office
spaces are limited and only by a modern organization of
worktime (e.g. mobile work & in future non-personalized
office space), we see a good chance to offer reasonable
quality in work space for our employees in future.

Let me thank all our colleagues at IKZ who support the
institute with their daily commitment!

Enjoy reading the IKZ Annual Report 2023 with many
exciting scientific & technological achievements.

Thomas Schroeder
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The Institute

Das Leibniz-Institut fur
Kristallziichtung (IKZ)

ist ein internationales Kompetenzzentrum fir Wissen-
schaft & Technologie sowie Service & Transfer im Be-
reich kristalliner Materialien. Das Spektrum der For-
schung und Entwicklung reicht dabei von Themen der
Grundlagen- und angewandten Forschung bis hin zu
vorindustriellen Forschungsaufgaben.

Kristalline Materialien sind technologische Schlissel-
komponenten zur Realisierung von elektronischen und
photonischen Lésungen fur gesellschaftliche Heraus-
forderungen. Hierzu gehoéren kunstliche Intelligenz
(Kommunikation, Sensorik etc.), Energie (erneuerbare
Energien, Energiewandlung etc.) und Gesundheit (medi-
zinische Diagnostik, moderne chirurgische Operations-
instrumente etc.). Das IKZ erarbeitet Innovationen in
kristallinen Materialien durch eine kombinierte Experti-
se im Haus, bestehend aus Anlagenbau, numerischer
Simulation und Kristallzichtung, um so kristalline Mate-
rialien hochster Qualitat und mit malRgeschneiderten
Eigenschaften zu erforschen.

Zusammen mit Partnern aus Instituten mit angeglieder-
ten Technologie-Plattformen sowie Industrieunterneh-
men treibt das Institut kinftig auch verstarkt Innovatio-
nen durch kristalline Materialien voran. Diese umfassen
die zuverlassigen Evaluierungen und Bewertungen in-
novativer kristalliner Prototypen-Materialien fur dis-
ruptive Technologieansatze.

Arbeitsschwerpunkte des Institutes sind:

+ Entwicklung von Zichtungs-, Bearbeitungs- und
Charakterisierungsverfahren fir Massivkristalle
sowie kristalline Gebilde mit Abmessungen im
Mikro- und Nanometerbereich sowie von materi-
alUbergreifenden Kristallzichtungstechnologien

+ Bereitstellung von Kristallen mit besonderen
Spezifikationen fur Forschungs- und Entwick-
lungszwecke

+ Modellierung und Erforschung der Kristallwachs-
tums- und Kristallzichtungsprozesse

+ Experimentelle und theoretische Untersuchungen
zum Einfluss von Prozessparametern auf
Kristallzchtungsvorgange und Kristallqualitat

+ Erforschung von Verfahren zur Kristallbearbeitung
und der dabei ablaufenden Vorgange
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The Leibniz Institute for
Crystal Growth

is an international competence center for science &
technology as well as service & transfer for crystalline
materials. The R&D activities cover basic and applied re-
search up to pre-industrial development.

Crystalline materials are the key to the realization of
electronic and photonic solutions to social challenges.
This includes artificial intelligence (communication, sen-
sor technology, etc.), energy (renewable energies, ener-
gy conversion etc.) and health (medical diagnostics,
modern surgical instruments etc.). The IKZ develops in-
novations in crystalline materials by combining in-
house expertise in equipment engineering, numerical
simulation and crystal growth to provide highest quali-
ty crystalline materials with tailored properties.

In the future, the institute will also intensify its efforts
to promote innovation by crystalline materials in coop-
eration with partners from technology platforms as
well as industrial companies. This includes the reliable
evaluation and benchmarking of innovative crystalline
prototype materials for disruptive technology ap-
proaches.

The research and service tasks of the
institute include:

+ Development of technologies for growth, processing
and characterization of bulk crystals and of crystal-
line structures with dimensions in the micro- and
nanometer range and of comprehensive growth
technologies

+ Supply of crystals with non-standard specifications
for research and development purposes

* Modelling and investigation of crystal growth
processes

« Experimental and theoretical investigations of the
influence of process parameters on crystal growth
processes and crystal quality

+ Development of technologies for the chemo-me-
chanical processing of crystalline samples and
scientific investigation of related processes
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+ Physikalisch-chemische Charakterisierung kristalli-
ner Festkorper und Entwicklung geeigneter Metho-
den bis hin zur atomaren Ebene; Aufklarung des
Zusammenhangs zwischen Struktur und Eigen-
schaften kristalliner Materialien

* Entwicklung und Bau von Anlagenkomponenten fur
die ZUchtung, Bearbeitung und Charakterisierung
von Kristallen

Die weitere Materialforschung in Richtung Anwendung
ermoglicht verstarkt auch Innovationen durch
kristalline Materialien:

+ Kristall-Prototypenforschung zur zuverlassigen
Bewertung innovativer, konfektionierter Kristalle fur
elektronische und photonische Schlusseltechnolo-
gien

+ Prototypen-Lieferfahigkeit neuartiger Kristalle bis
zur Kleinserie - in der gewUlinschten Konfektion-
ierung und Spezifikation - zur zuverlassigen
Technologie-Forschung und Vorbereitung der
Markteinfihrung

+ Entwicklung von Wafering-Prozessen fur
neue Materialien, Feinbearbeitung optischer
Spezialkristalle

Materialien

+ Halbleiter mit groBem Bandabstand (Oxide,
Aluminiumnitrid) fir Hochtemperatur-, Leistungs-
und Optoelektronik

* Oxidische und fluoridische Kristalle fur Lasertechnik,
Optik, Sensorik und Akustoelektronik

+ Silizium-Kristalle fur Mikro- und Leistungselektronik
und Photovoltaik

+ Isotopenreine Halbleiter (Silizium und Germanium)
fur die Quantentechnologie

+ Silizium/Germanium Kristalle fur Strahlungsdetek-
toren und Beugungsgitter, kristalline Si/Ge-Schichten
fur thermoelektrische Anwendungen

+ Ferroelektrische und halbleitende Oxidschichten fur
die Mikro- und Leistungselektronik, Sensoren und
Datenspeicher

+ Physico-chemical characterisation of crystalline
solids and development of suitable methods;
investigation of the correlation between crystalline
structures and properties

+ Development and construction of components for
growth, processing and characterization of crystals

The further materials research towards applications will
drive innovations by crystalline materials:

+ Crystal prototypes development for the reliable
benchmarking of innovative crystals with tailored
properties for key technologies in electronics and
photonics

+ Prototype supply of innovative crystals up to
small-scale batches - with tailored properties and
specifications - for reliable technology research,
including preparations for market introduction

+ Development of wafering processes for new materi-
als, fine processing of special optical crystals.

Materials presently
in development:

+ Wide band gap semiconductors (aluminium nitride,
oxides) for high temperature, power- and optoelec-
tronics

+ Oxide and fluoride crystals for acousto-electronics,
laser-, opto- and sensor technology

+ Silicon for power electronics and photovoltaics

+ Isotopically pure semiconductors (silicon and
germanium) for quantum technology

* Gallium arsenide for wireless communication and in
high-frequency technology

+ Silicon/germanium-crystals for radiation detectors
and diffraction gratings, crystalline Si/Ge layers for
thermoelectric devices

+ Ferroelectric and semiconducting oxide layers for
micro- and power electronics, sensor applications or
data storage



The Institute

Das IKZ als familien-
freundlicher Arbeitgeber

Das IKZ mochte seinen Beschaftigten ein offenes, ko-
operatives und familienfreundliches Arbeitsumfeld bie-
ten. Das Institut unterstitzt daher seine Mitarbeiterin-
nen und Mitarbeiter bei der Vereinbarkeit von Arbeit
und Familie, z.B. durch flexible Regelungen zur taglichen
Arbeitszeit oder durch variable Regelungen zu Teil- und
Vollzeitbeschaftigung.

Seit 2015 ist das Institut zertifiziert durch das audit be-
rufundfamilie. Damit verbunden hat es Ziele einer fami-
lienbewussten Personalpolitik definiert und sich ver-
pflichtet. In den folgenden drei Jahren haben wir die in
diesem Prozess definierten MaBnahmen umgesetzt.
Die Zertifizierung wurde 2018, 2021 und erneut im Jahr
2024 an das Institut vergeben.

Das audit steht unter der Schirmherrschaft der Bundes-
familienministerin und des Bundeswirtschaftsminis-
ters, nahere Informationen finden sich unter
www.beruf-und-familie.de
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IKZ as family-friendly
employer

The institute intends to create a co-operative and open
working environment for all employees. It places special
emphasis on the reconcilability of job and family, offer-
ing flexible working time models as well as full or part-
time employments. In 2015, the institute has been
awarded the audit berufundfamilie certificate for its
family-friendly human resources policy. During the fol-
lowing three years, we have been implementing the ob-
jectives defined in this process. The certification has
been renewed in 2018, 2021 and in 2024.

The certificate is issued under the auspices of the
German Federal Minister for Families and the German
Federal Economics Minister.

More information is available under
wwww.beruf-und-familie.de
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Organigramm

Organisation Chart
as of 30 June 2024

IKZ Institutsausschuss

Vorsitzender: Dr. Bjorn Maul
I

FVB Kuratorium

Vorsitzende: SenDirig'in Dr. Jutta Koch-Unterseher

FVB Vorstand
Sprecher: Prof. Dr. Thomas Schréder

IKZ Wissenschaftlicher Beirat
Vorsitzender: Dr. Martin StraBburg

Betriebsrat
Vorsitzender: Dr. Steffen Ganschow

Sektion
Halbleiter-

nanostrukturen Oxidschichten
Dr. Jens Martin Dr. Jutta Schwarzkopf

Sektion

Experimentelle Fundamentale

Direktor
Prof. Dr. Thomas Schroder

Strategisches
Wissenschaftsmanagement

Dr. Maike Schroder

Geschaftsfihrung FVB
Martin Bohnke

Offentlichkeitsarbeit
Stefanie Griiber

Sektion Sektion

Danne Halbleiter

Sektion Sektion

Charakterisierung Beschreibung fir Photonik
Natasha Dropka Prof. Dr. Thomas Schréder Dr. Thomas Straubinger

Dr. Martin Albrecht Dr.

Verwaltung
Einkauf | Finanzen | Personal | EDV

Sektion

Oxide &
Fluoride

PD Dr. habil. Radhakrishnan Sumathi Prof. Dr. Matthias Bickermann

Sektion

Kristalline Materialien Kristalline Materialien

flr Elektronik

Technische Dienste
Werkstatt | Konstruktion | Anlagen | Gebdude




The Institute

Wissenschaftlicher Beirat
Scientific Advisory Board

as of 30 June 2024

Beiratsvorsitzender
Chair

Dr. Martin StraBBburg
ams-Osram International GmbH
Regensburg, Germany

Mitglieder
Members

Prof. Claudia Draxl
Humboldt-Universitat zu Berlin
Berlin, Germany

Prof. Dr. Jan Ingo Flege
Brandenburgische Technische Universitat
Cottbus- Senftenberg (BTU)

Cottbus, Germany

Dr. Martin M. Frank
IBM, Thomas J. Watson Research Center
Yorktown Heights, New York, USA

Dr. Roger Loo
Imec

Leuven, Belgium

Prof. Dr. Siddha Pimputkar

P.C. Rossin College of Engineering and Applied Science

Lehigh University
Bethlehem, PA, USA

Dipl.-Ing. Michael Rosch
Freiberger Compound Materials FCM
Freiberg, Germany

Dr. Georg Schwalb
Siltronic AG
Burghausen, Germany

Prof. Dr. Thomas Sudmeyer (vice chair)
University of Neuchatel

Physics Institute

Neuchatel, Switzerland
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Vertreter des Landes Berlin
Representative of the State of Berlin

Dr. Bjorn Maul

Referatsleiter Natur-, Material- und
Lebenswissenschaften

Senatsverwaltung fur Wissenschaft, Gesundheit
und Pflege

Berlin, Germany

Vertreter der Bundesrepublik
Deutschland

Representative of the Federal Republic
of Germany

Christoph Schwickart

Bundesministerium fur Bildung und Forschung BMBF
Referat 513

LVernetzung und Sicherheit digitaler Systeme”
Bonn/Berlin, Germany
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2023 in Zahlen
2023 in figures

Budget Gesamt
Total

Institutional funding
Institutionelle Forderung

3.729,8 €
Third-party funding
Drittmittelférderung

16.529,8
Mio

Lehre
Education

Defended doctoral theses
Abgeschlossene Promotionsarbeiten

Publikationen
Publications

Stichtag 31.12.2023

Drittmittelforderung*

Third-party funding
Federal Land
Other Bund Lander
Sonstige
0,1 % 9,4 %
Industry \
Wirtschaft

German Research
Foundation (DFG)
Deutsche Forschungs-
gemeinschaft

3.729,8

Leibniz Association
Leibniz-Gemeinschaft

*Einnahmen
on revenue basis

Ongoing dissertations
Laufende Promotionsvorhaben

8 Master theses completed
Abgeschlossene Masterarbeiten

Articles in peer-reviewed journals
and book chapters

Artikel in referierten (peer-review)
Journalen und Buchkapitel
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InternatlonaIISIerung "“ Staff members from 18 countries

Internationalization ‘ " Beschdftigte aus 18 Lindern

a»

Personal gesamt

Staff total
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P
101 Scientific employees 53 Infrastructure personnel
Wissenschaftliche Mitarbeiter/innen Infrastrukturpersonal
Frauenanteil

40% .
Female proportion

Total Scientific employees PhD students
Gesamt Wissenschaftliche Doktorandinnen
Mitarbeiterinnen

Eingeladene Beitrage
Invited Contributions

At national and international
conferences, workshops, seminars
Auf nationalen und internationalen
Konferenzen, Workshops, Seminaren
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Kristalltechnologie zur tech-
nologischen Souveranitat -
ein Beitrag des
Leibniz-Strategieforums
~1echnologische Souveranitat”

Diverse Veroffentlichungen im Jahr 2023 zeigen die Be-
muhungen der Politik um einen breiten, partizipativen
Diskurs zur Umsetzung technologischer Souveranitat.
Hier sind u. a. die Zukunftsstrategie Forschung und Inno-
vation, die Chinastrategie der Bundesregierung sowie die
nationale Sicherheitsstrategie zu nennen. Oft jedoch ver-
figen die Ministerien nur unzureichend tber die geblh-
rende wissenschaftliche Expertise in den notwendigen
Forschungsgebieten der Schlusseltechnologien, die zur
Erreichung und Sicherung der technologischen Souve-
ranitat Deutschlands und Europas vonndéten sind.

Das Leibniz-Strategieforum ist somit die Antwort der
Leibniz-Gemeinschaft, den gesellschaftlichen Transfor-
mationsprozess der technologischen Souveranitat /
strategischen Autonomie im Bereich der Forschung &
Entwicklung & Innovation (F & E & |) mitzugestalten. Es
berat dabei das Leibniz-Prasidium in enger Abstim-
mung. Dabei wird das Forum, getragen von den natur-
und ingenieur-wissenschaftlichen Instituten, die Ent-
wicklung von innovativen Schlisseltechnologien von
der Grundlagenforschung bis zu Prototypen zum weite-
ren Transfer in die Wirtschaft bereitstellen. Das Forum
gliedert sich in sechs naturwissenschaftliche Cluster, in
denen Leibniz-Institute fuhrende Beitrage zur Errei-
chung und Sicherung der technologischen Souveranitat
Deutschlands und Europas liefern kénnen: Gesundheit-
stechnologien, Kunstliche Intelligenz, Materialien flr
die Digitalisierung, Quantentechnologien, Wasserstoff-
wirtschaft und Kommunikation & Mikroelektronik.
Diese sind Teil der 2021 vom BMBF identifizierten
Schlusseltechnologien (BMBF-Dokument: ,Technolo-
gisch souveran die Zukunft gestalten”). Zwecks einer ho-
listischen Herangehensweise integriert das Strategiefo-
rum synergetisch das Wissen der Leibniz-Gemeinschaft
im Bereich der Wirtschafts- und Sozialwissenschaften.
Der zugehorige Cluster wurde 2023 unter der Leitung
von Prof. Dirk Dohse vom IfW Kiel etabliert (Abb. 1).

Technologiesouveranitat
Technological Sovereignty

Crystal technology for
technological sovereignty -
a contribution from the
Leibniz Strategy Forum
‘Technological Sovereignty’

Various publications in 2023 show the efforts of politi-
cians to engage in a broad, participatory discourse on
the realisation of technological sovereignty. These in-
clude the Future Strategy for Research and Innovation,
the Federal Government's China Strategy and the Na-
tional Security Strategy. However, the ministries often
do not have sufficient scientific expertise in the neces-
sary research areas of key technologies that are re-
quired to achieve and secure technological sovereignty
in Germany and Europe.

The Leibniz Strategy Forum is thus the Leibniz Associa-
tion’s answer to helping organise the social transforma-
tion process of technological sovereignty / strategic au-
tonomy in the field of research & development &
innovation (R & D & ). It advises the Leibniz Presidium in
close consultation. The Forum, driven by the scientific
and engineering institutes, will provide the develop-
ment of innovative key technologies from basic re-
search to prototypes for further transfer to industry.
The forum is organised into six scientific clusters in
which Leibniz Institutes can contribute to the achieve-
ment and protection of technological sovereignty in
Germany and Europe: Health Technologies, Artificial In-
telligence, Materials for Digitalisation, Quantum Tech-
nologies, Hydrogen Economy and Communication &
Microelectronics. These are part of the key technologies
identified by the BMBF in 2021 (BMBF document: ‘Tech-
nologisch souveran die Zukunft gestalten’). In order to
ensure a holisticapproach, the strategy forum synergis-
tically integrates the knowledge of the Leibniz Associa-
tion in the field of economic and social sciences. The
associated cluster was established in 2023 under the
leadership of Prof Dirk Dohse from IfW Kiel (Fig. 1).
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Abb. 1:

Aufbau des Leibniz-Strategieforums , Technol-
ogische Souverdnitdt”: Sechs Schliisseltech-
nologien - Gesundheitstechnologien,
Kiinstliche Intelligenz, Materialien ftir

die Digitalisierung, Quantentechnol-

ogien, Wasserstoffwirtschaft und
Kommunikation & Mikroelektronik
- werden holistisch unter Einbezug

des neu etablierten Clusters Sozial-

und Wirtschaftswissenschaften

betrachtet.

Zusammenfassend lasst sich sa-

gen: Das Leibniz-Strategieforum

.1S" bietet ein komplettes Technolo-

gie- und Innovationsdkosystem, das

die Beitrage der Leibniz-Gemeinschaft im
Transformationsprozess der TS bundelt, starkt

und sichtbar in Wirtschaft, Gesellschaft und Politik
nach auBen positioniert (Abb. 2). Diese ganzheitliche
Vorgehensweise wird zunachst am Beispiel von ausge-
wahlten Leuchtturmprojekten demonstriert, die gesell-
schaftliche Fragestellungen innerhalb der ausgewahl-
ten Schlusseltechnologien betreffen. So identifizieren
jeweils 2-3 Leibniz-Institute in einer Schlisseltechnolo-
gie ein innovatives Leuchtturmprojekt mit international
anerkanntem Potenzial fur kinftige wirtschaftliche Ver-
wertungen. Die Bearbeitung erfolgt basierend auf der
bestehenden komplementaren Expertise der beteilig-
ten Institute entlang der Wertschopfung. Weitere bené-
tigte Kompetenzen kénnen ggf. in freier Wahl mit Part-
nern aullerhalb der Leibniz-Gemeinschaft aus der
Wissenschaft sowie der Wirtschaft eingebunden wer-
den. Auf diese Weise wird eine kritische Masse erreicht,
um substanzielle und synergetische Beitrage zur Errei-
chung und Sicherung der technologischen Souveranitat
Deutschlands und Europas mit einer angemessenen
Durchschlagskraft und Uber den Handlungsspielraum
eines einzelnen Leibniz-Instituts hinaus zu leisten.

Ein Beispiel aus den Ingenieurwissenschaften an der
Schnittstelle zwischen Elektronik und Photonik sei ge-
nannt: Die Entwicklung von elektronisch-photonischen
integrierten Schaltkreisen fur leistungsstarke Hochfre-
guenzanwendungen aus einer Kombination von IlI-V-
und Silizium-Halbleiterschaltungen ist sicher ein klassi-
sches, lang verfolgtes Forschungsfeld.
Produktanwendungen im Bereich 5G & 6G erzwingen
nun mehr und mehr die schrittweise Markteinfihrung
dieser komplexen Technologien. Im Bereich der Volu-
menkristalle unterstitzen wir die Indiumphosphid, Kris-
tall- & Waferentwicklung gemeinsam mit dem fihrenden
I1I-V-Kristallunternehmen Freiberger Compound Materi-
als (FCM). Neben dem Einsatz als Wafer gewinnen auch
InP-Bonding-Verfahren auf Silizium dank Fortschritten in
der Aufbau- und Verbindungstechnik an Bedeutung fur
elektronisch-photonische integrierte Schaltungen.
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Fig. 1:
Structure of the Leibniz Strategy Forum
‘Technological Sovereignty’: Six key
technologies - health technologies,
artificial intelligence, materials
for digitalisation, quantum tech-
nologies, hydrogen economy
and communication & micro-
electronics - are considered
holistically, including the newly
established cluster of social
and economic sciences.

In  conclusion, the Leibniz
Strategy Forum ‘TS’ offers a
complete technology and innova-
tion ecosystem that bundles,
strengthens and visibly positions the
Leibniz Association’s contributions to the
transformation process of TS in the economy, society
and politics (Fig. 2). This holistic approach is initially
demonstrated using the example of selected pilot proj-
ects that address social issues within the selected key
technologies. In each case, 2-3 Leibniz Institutes identi-
fy an innovative pilot project in a key technology with
internationally recognised potential for future commer-
cial exploitation. The work is based on the existing com-
plementary expertise of the participating institutes
along the value chain. Other required competences can
be integrated in free choice with partners outside the
Leibniz Association from science and industry. In this
way, a critical mass is reached in order to contribute
substantially and synergistically to achieve and secure
the technological sovereignty of Germany and Europe
with an appropriate impact and beyond the scope of an
individual Leibniz Institute.

An example from the engineering sciences at the in-
terface between electronics and photonics should be
mentioned: The development of electronic-photonic
integrated circuits for high-performance high-frequen-
cy applications from a combination of I11-V and silicon
semiconductor circuits is certainly a classic, long-pur-
sued field of research. Product applications in the area
of 5G & 6G are now increasingly forcing the gradual
market introduction of these complex technologies. In
the field of volume crystals, we support indium phos-
phide, crystal and wafer development together with
the leading IlI-V crystal company Freiberger Compound
Materials (FCM). In addition to their use as wafers,

InP bonding processes on silicon are also playing an
increasingly important role in electronic-photonic in-
tegrated circuits thanks to advances in assembly and
bonding technology. The IKZ is developing the InP
microstructures, and the corresponding R&D is being
pursued by other Leibniz institutes with technology
platforms as part of the pilot project.
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Abb. 2:

Die Stdrke der Leibniz-Gemeinschaft, die sie von anderen grofien Wissenschaftsorganisationen hervor-
hebt, liegt in der Féhigkeit, die Wertschdpfungskette von der Grundlagenforschung bis zur Entwicklung
von Prototypen abzudecken (blau hinterlegter Teil im Kreis). Von besonderer Bedeutung ist auch der
von Anfang an mitgedachte Einbezug der Gesellschaft in die Entwicklung neuer Technologien sowie die
Anschlussfdhigkeit der Entwicklungen insbesondere an Partnerschaften mit héheren TRL-Kapazitéiten.

Das IKZ erarbeitet die InP-Mikrostrukturen, die entspre-
chende F&E wird im Rahmen des Leuchtturmprojektes
von weiteren Leibniz-Instituten mit Technologie-Platt-
formen verfolgt. Die Sozial- und Wirtschaftswissen-
schaften vervollstandigen derartige Entwicklungspro-
zesse durch Betrachtung von Fragen wie z. B. die
Verfugbarkeit von Fachkraften, Rahmenbedingungen
fur das Wachstum junger, technologieorientierter Un-
ternehmen, die Rolle der Digitalisierung und die digita-
len Kompetenzen in der Bevdlkerung sowie die Offen-
heit und Akzeptanz gegenuber neuen Technologien im
Zentrum.

Aktivitaten des Forums im Jahr 2023

Forderung

Aktive Teilnahme am Format ,Leibniz-Labs";
Einreichung des Antrags
,Leibniz-Innovations-Inkubator” (seit Marz 2023)

Events

Aktive Teilnahme an den Veranstaltungen (Auswahl)

VDI Fachgesprach ,Materialien fir Quanten-
technologien” (02.03.23)

* INAM Kick Off Event 2023 (23.02.23)

* InnoNation Festival (03.05.23)

» Konferenz ,Handlungssicherheit in Forschungs-
kooperationen mit China“ (22.05.23)

* SPECTARIS-Zukunftsfestival (11.09.23)

Interviews

» Gastbeitrag in Studie zur strategischen Autonomie
(Benofit d’Humieres, 14.08.23)

* Gastbeitrag in der SPECTARIS-Studie zur Autonomie
der Photonik (Mike Bahren, Dezember 2023)

Fig. 2:

The strength of the Leibniz
Association, which differentiates
it from other large scientific
organisations, is its ability to
cover the value chain from basic
research to the development

of prototypes (blue part of the
circle). Of particular importance
is also the inclusion of society

in the development of new tech-
nologies from the outset and the
ability to connect developments
to partnerships with higher TRL
capacities in particular.

The social and economic sciences complement such
development processes by considering issues such

as the availability of skilled workers, framework con-
ditions for the growth of young, technology-oriented
companies, the role of digitalisation and digital skills in
the population as well as openness and acceptance of
new technologies at the centre.

Activities of the forum in 2023

Funding

Active participation in the ‘Leibniz Labs’ format;
submission of the ‘Leibniz Innovation
Incubator’ (since March 2023)

Events

Active participation in the following events (selection)

+ VDI expert discussion ‘Materials for quantum
technologies’ (02.03.23)

* INAM Kick Off Event 2023 (23.02.2023)

* InnoNation Festival (03.05.23)

« Conference ‘Security of action in research
cooperation with China’ (22.05.23)

* SPECTARIS Future Festival (11.09.23)

Interviews

* Guest article in study on strategic autonomy
(Benoit d’Humiéres, 14.08.23)

* Guest article in the SPECTARIS study on the
autonomy of photonics (Mike Bahren,
December 2023)
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2023 im Uberblick
2023 at a glance

Materialien fur
die Quantentechnologie

Am IKZ wurde eine neue Molekularstrahlepitaxie-Anla-
ge fur das Wachstum von kernspinfreiem Silizium und
Germanium in Betrieb genommen, um Materialeigen-
schaften fir Quantentechnologien zu erweitern.

Das IKZ, weltweit fuhrend in der Zichtung solcher Kris-
talle, verwendet diese Materialien nun in der MBE-Anla-
ge. Hier werden Si und Ge unter Ultrahochvakuum ver-
dampft, um dinne Schichten auf Si-Wafern zu zlchten,
die als Basis fur die Entwicklung neuartiger Quanten-
materialien dienen.

Materials for
Quantum Technologies

At IKZ, a new molecular beam epitaxy (MBE) system for
the growth of nuclear spin-free silicon and germanium
was inaugurated to advance material properties for
quantum technologies.

IKZ has been researching the processing, purification,
and growth of these crystals for decades, establishing
itself as a leading competence center. These unique ma-
terials are now used as source material in the MBE sys-
tem, where enriched Si and Ge are evaporated under
ultra-high vacuum to grow thin layers on Si wafers,
serving as the basis for further technology develop-
ment.
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Applikationslabor fiir die
In-Situ Elektronenmikroskopie

Das IKZ erhalt 2.5 Mio € EFRE Mittel zum Aufbau eines
modernen Applikationslabors zur ,state-of-the-art’
In-Situ Elektronenmikroskopie. Das gesamte Projekt-
volumen umfasst ca. 6 Mio. €, das IKZ wird aus seinem
Institutshaushalt in den Jahren 2024 bis 2026 weitere
3,5 Mio. € zum Ausbau beisteuern. Das Labor wird im
Sinne einer offenen Infrastruktur nicht nur Nutzer aus
dem akademischen, sondern auch aus dem industriel-
len Umfeld unterstitzen.

Application lab for in-situ
electron microscopy

The IKZ receives 2.5 Mio € ERDF funds to build up a
modern application laboratory on state-of-the-art
in-situ electron microscopy. The total project volume
is on the scale of 6 Mio € and IKZ will thus contribute 3.5
Mio € from its institute budgetin the years 2024 to 2026.
As an open infrastructure, the laboratory will not only
support users from academia, but also from industry.

Alexander-von Humboldt-
Forschungspreis
fur Prof. Kookrin Char

Professor Kookrin Char von der Seoul National Univer-
sity (Sudkorea) hat einen der renommierten Hum-
boldt-Forschungspreise 2023 flr seine herausragenden
Arbeiten auf dem Gebiet der oxidischen Heteroepitaxie
und Heterostrukturen erhalten. Professor Char wurde
vom Leibniz-Institut fur Kristallzichtung nominiert und
wird mehrere Forschungsaufenthalte am Institut im
Jahr 2023 und darlber hinaus verbringen.

Alexander-von-Humboldt
Research Award
for Prof. Kookrin Char

Professor Kookrin Char from the Seoul National Uni-
versity (South Korea) has been awarded one of the pres-
tigious Humboldt Research Awards 2023 for his excep-
tional work in the field of oxide heteroepitaxy and
heterostructures. Professor Char had been nominated
by the Leibniz-Institut fur Kristallzichtung and is look-
ing forward to his research stay at the institute in 2023
and beyond.
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Girls’ Day @ IKZ
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Girls’' Day @ IKZ

Unter dem Motto »Arbeiten als Wissenschaftlerin, “Working as a scientist, tech founder, microtechnologist:

Tech-Grunderin, Mikrotechnologin: Ein Tag im Wissen-
schafts- und Technologiepark Adlershof« fand der Girls’
Day dieses Jahr erstmal als gemeinsame Veranstaltung
von WISTA Management GmbH, der Initiativgemein-
schaft AuBeruniversitarer Forschungseinrichtungen in
Adlershof e. V. (IGAFA), Helmholtz-Zentrum Berlin fir
Materialien und Energie (HZB) und der Bundesanstalt
fur Materialforschung und Prifung (BAM) statt.

A day at the Adlershof Science and Technology Park” was
the headline of this year's Girls’ Day, which was for the
first time a joint event of WISTA Management GmbH,
Initiativgemeinschaft AulReruniversitarer Forschungs-
einrichtungen in Adlershof e. V. (IGAFA) Helmholtz-Zen-
trum Berlin fUr Materialien und Energie (HZB) and
Bundesanstalt fir Materialforschung und Prifung (BAM).

ERC Forderung fir Lehrmittel

Fur sein Projekt ,Hands-on Materials Science for Educati-
on” (HANDSOME) wurde Dr. Kaspars Dadzis mit dem re-
nommierten Proof of Concept Grant des Europdischen
Forschungsrats (ERC) ausgezeichnet. Das Projekt wird
mit 150.000 € fur die fur die Entwicklung leicht zugangli-
cher Lehrmittel fur die Materialwissenschaft ausgestat-
tet. Es baut auf dem ERC Starting Grant auf, mit dem Dad-
zis und sein Team seit 2020 einen neuen Ansatz zur
Modellierung von Kristallziichtungsprozessen entwickeln.

ERC Grant
for education ressources

Dr. Kaspars Dadzis has been awarded the distinguished
Proof of Concept Grant from the European Research
Council (ERC). The project “Hands-on Materials Science
for Education” (HANDSOME) will receive 150,000 Euro to
develop accessible materials science education resourc-
es. The new project will build on the ERC Starting Grant,
where Dadzis and his team have been working on a new
approach to modelling crystal growth processes since
2020.
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IKZ @ Laser World
of Photonics

Vom 27. bis 30. Juni nahm das IKZ zum ersten Mal als
Aussteller an der Laser World of Photonics in MUn-
chen teil. Die renommierte Messe ist eine der fUhren-
den Veranstaltung fur die Photonikindustrie und pra-
sentiert die neuesten Innovationen in der Laser-
technologie, in Optik und Photonik-Anwendungen.

IKZ @ Laser World
of Photonics

FromJune 27-30, IKZ participated as an exhibitor for the
first time at the Laser World of Photonics in Munich.
This prestigious trade fair is a leading event for the pho-
tonics industry, showcasing latest innovations in laser
technology, optics, and photonics applications.

Stefan Puschel erhélt den
Optica Student Travel Grant

Stefan Puschel erhielt auf der CLEO/Europe-EQEC Kon-
ferenz 2023 den mit 500 € dotierten ,Optica Student
Travel Grant”. Dieser Preis wird an Erstautoren der best-
bewerteten studentischen Beitrage verliehen, und wur-
de in diesem Jahr aus insgesamt 1759 Beitragen ausge-
wahlt. Stefan Puschel ist im dritten Jahr seiner
Promotion in Dr. Hiroki Tanakas Gruppe am Leibniz-Ins-
titut far Kristallzichtung (IKZ). In seinem Beitrag ,Laser
Cooling of an Yb:KY;F,, crystal by 42 K berichtete er
Uber die Laserkihlung von Festkérpern, wobei es ge-
lang, einen Kristall durch Anti-Stokes-Fluoreszenz auf
bis zu -26 °C zu kuhlen.

Optica Student Travel Grant
for Stefan Plischel

Stefan Puschel received the “Optica Student Travel
Grant” of €500 at the CLEO/Europe-EQEC 2023 confer-
ence. This award is given to the first authors of the
best-rated student contributions, and was selected this
year from a total of 1759 submissions. Stefan Puschel is
in the third year of his PhD in Dr. Hiroki Tanaka’s group
at the Leibniz-Institut fur Kristallzichtung (IKZ). In his
presentation “Laser Cooling of an Yb:KY;F,, crystal by
42 K,”" he reported on the laser cooling of solids, achiev-
ing a temperature reduction down to -26 °Cin a crystal
using anti-Stokes fluorescence.
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IKZ@EQTC 2023

Mit seiner Forschung zu Materialien fir Quantentechno-
logien prasentierte sich das Institut in diesem Jahr erst-
mals auf der European Quantum Technology Confe-
rence EQTC 2023. Die Konferenz zahlt zu den gréfRten
Veranstaltungen der europaischen Quanten-Community
und steht unter der Schirmherrschaft des europaischen
Innovationsprogramms Quantum Flagship. Dr. Kevin-Pe-
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IKZ@EQTC 2023

This year the institute presented its research on materi-
als for quantum technologies for the first time at the
European Quantum Technology Conference EQTC
2023, one of the largest events in the European quan-
tum community and held under the auspices of the Eu-
ropean Quantum Flagship innovation program. Dr. Kev-
in-Peter Gradwohl, head of the junior research group

ter Gradwohl, Leiter der Nachwuchsgruppe ,SiGe-basier- “SiGe-based Quantum Materials and Heterostructures”,

te Quantenmaterialien und Heterostrukturen” prasen-
tierte das Institut und die Arbeiten seiner Gruppe zudem
auf der Showcase Stage der Konferenz.

also presented the institute and the work of his group
on the conference’s showcase stage.

WODIL 2023 @ IKZ

Rund 40 Forscher aus Deutschland, Frankreich, der
Tschechischen Republik, der Schweiz, Italien und Lett-
land kamen auf dem 12. deutsch-franzésischen Work-
shop zu Oxid-, Dielektrika- und Laser-Kristallen
(WODIL 2023) zusammen, um Uber die Forschung an
Oxid-, Chalkogenid- und Halogenid-Einkristallen zu dis-
kutieren. Diese werden als optische, piezoelektrische
oder Laser-Materialien sowie als Substrate fur piezo-
elektrische und oxidische elektronische Anwendungen
eingesetzt. Der IKZ Doktorand Christian Rhode wurde
von Crystal Research and Technology mit dem Preis fur
die beste Prasentation ausgezeichnet.

WODIL 2023 @ IKZ

Around 40 researchers from Germany, France, the
Czech Republic, Switzerland, Italy and Latvia gathered
at the 12th German-French Workshop on Oxide,
Dielectric and Laser single crystals (WODIL 2023) to
discuss research involving oxide, chalcogenide and ha-
lide single crystals. These are used as optical, piezoelec-
tric or laser materials, and as substrates for piezoelec-
tric and oxide electronic applications. Christian Rhode,
doctoral student at IKZ, received the Best Presentation
award from Crystal Research and Technology.
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Fraunhofer und IKZ biindeln
Expertise zu Laserkristallen

Im November 2023 trafen sich das IKZ und der Fraunho-
fer-Verbund Light & Surfaces zu einem Austausch uber
das gesellschaftlich relevante Thema ,Laserkristalle:
Kernkomponenten fiir die europdische Wirtschaft -
Technologische Souverdnitdt wiedererlangen!” Ziel
des Treffens war es, ihre Kompetenzen entlang der Wert-
schopfungskette zu bindeln und Synergien zu nutzen,
um die technologische Souveranitat Europas zu starken.

Fraunhofer and IKZ combine
expertise in laser crystals

In November 2023, the IKZ and the Fraunhofer Group for
Light & Surfaces met to discuss the societal relevant top-
ic of “Laser crystals: key components for the Europe-
an economy - regaining technological sovereignty!”
The aim of the meeting was to join forces along the value
chain and exploit synergies in order to strengthen Eu-
rope's technological sovereignty.

Erfolgreicher Technologie-
transfer von Materialien fur
Laseranwendungen

Das Leibniz-Institut fur Kristallzichtung und die Oxide
Corporation, ein japanisches Unternehmen, das sich auf
die Erforschung und Herstellung von Einkristallen und
Lasergeraten spezialisiert hat, haben einen gemeinsa-
men Forschungs- und Entwicklungsvertrag Uber den
Technologietransfer von modernen einkristallinen
Materialien fiir Laseranwendungen geschlossen. Die-
se Zusammenarbeit bildet die Grundlage fur weitere ge-
meinsame Forschungs- und Entwicklungsinitiativen mit
Schwerpunkt auf kristallinen Materialien. Unser gemein-
sames Ziel ist es, diese Fortschritte nahtlos in praktische
Anwendungen zu integrieren, den Fortschritt in den Be-
reichen Laser und Optik zu férdern und auf diese Weise
einen bedeutenden Beitrag zur gesellschaftlichen Wei-
terentwicklung zu leisten.

Successful laser materials
technology transfer

Leibniz-Institut fur Kristallzichtung and Oxide Corpora-
tion, a Japanese company specializing in the research
and manufacturing of single crystals and laser devices,
have entered a joint research and development concern-
ing the technology transfer of advanced single crys-
talline materials for laser applications.

This collaboration sets the stage for further collaborative
research and development initiatives focused on crystal-
line materials. Our collective aim is to seamlessly inte-
grate these advancements into practical applications,
fostering progress in the realms of lasers and optics, and
in this way contributing meaningfully to societal develop-
ment.
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Treffen des
DGKK-Arbeitskreises

Am 6. und 7. November fand am IKZ im Max-Born-Saal
das Treffen des DGKK-Arbeitskreises ,Ultradiinne
Schichtsysteme, Wachstumskinetik und Layertrans-
fer” statt. Der ehemalige Arbeitskreis ,Kinetik und Nano-
strukturen” hatte sich im Frihjahr neu aufgestellt, um
auch eine Plattform auch fur die Entwicklungen im Be-
reich von 2D-Schichten und Layer-Transfer zu bieten.
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Meeting of the
DGKK working group

On November 6th and 7th, the meeting of the DGKK
working group “Ultrathin Layer Systems, Growth Kinet-
ics, and Layer Transfer” took place at the IKZ in the Max
Born Hall. The former working group “Kinetics and
Nanostructures” had been reorganized in the spring to
also provide a platform for developments in the field of
2D layers and layer transfer.

IKZ Sommerschule Polare
Piezoelektrische Oxide

Von 6. - 8. September 2023 fand im Max-Born-Saal in
Berlin-Adlershof die IKZ-Sommerschule 2023 mit dem
Thema ,Polare Piezoelektrische Oxide” statt.

Sie wurde von der DFG-Forschungsgruppe 5044 , Periodi-
sche niedrigdimensionale Defektstrukturen in polaren
Oxiden” organisiert, der neben dem IKZ noch Gruppen
der TU Clausthal, der Uni Giel3en, der Uni Osnabruick und
der TU Dresden angehdren.

Den Gegenstand der Forschungsgruppe bilden polare
oxidische Lithiumniobat-Lithiumtantalat-Mischkristalle
als Modellsystem zur Untersuchung grundlegender
materialwissenschaftlich-physikalischer ~ Phanomene.
Dazu gehdren beispielsweise der Zusammenhang zwi-
schen Defektstrukturen und dem Transport von La-
dungstragern. Etwa 40 Promovierende und 20 Forsche-
rinnen und Forscher horten Vortrage zu allgemein
gehaltenen Themen wie die Grundlagen der Piezoelekt-
rizitat, Domanenwande, Kristallziichtung und Epitaxie
dinner Oxidschichten, die Untersuchung von Defekten,
sowie elektroakustische Eigenschaften in piezoelektri-
schen Materialien. ,Hands-on" Trainings zur DFT-Mo-
dellierung oder zum Spektrometer-Selbstbau rundeten
die Sommerschule ab, zusammen mit den Laborfih-
rungen am IKZ.

IKZ Summer School 2023
Polar Piezoelectric Oxides

From 6-8 September 2023, the IKZ Summer School
2023 with the topic “Polar Piezoelectric Oxides” took
place in the Max Born Hall in Berlin-Adlershof.

It was organized by the DFG Research Unit 5044 “Peri-
odic low-dimensional defect structures in polar oxides”,
which, in addition to the IKZ, also includes groups from
the TU Clausthal, the University of GielRen, the Universi-
ty of Osnabrtck and the TU Dresden.

The research group focuses on polar oxide lithium nio-
bate-lithium tantalate solid solutions as model system
for investigating fundamental phenomena in materials
science and physics. These include, for example, the re-
lationship between defect structures and the transport
of charge carriers. About 40 doctoral students and 20
researchers attended lectures on general topics such as
the fundamentals of piezoelectricity, domain walls,
crystal growth and epitaxy of thin oxide layers, the in-
vestigation of defects and electroacoustic properties in
piezoelectric materials. “Hands-on” training on DFT
modeling or spectrometer self-construction comple-
mented the summer school, together with lab tours at
the IKZ.
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IKZ International Guest
Fellowship Award 2023
~Freestanding Functional
Oxide Films"” an

Prof. Nini Pryds verliehen

Der IKZ International Guest Fellowship Award 2023
wurde an Prof. Nini Pryds von der Technischen Universi-
tat Danemark (DTU) fur seine maligeblichen Beitrage
auf dem Gebiet der Manipulation von freistehenden
Perowskitschichten verliehen.

Oxide bieten - abhangig von Zusammensetzung und
Struktur - viele verschiedene funktionale Eigenschaf-
ten, die sich gezielt durch Gitterverspannungen, Bil-
dung von Heterointerfaces oder Stéchiometrieabwei-
chungen beeinflussen lassen. Die Herstellung und
Stapelung von freistehenden Oxidmembranen ermég-
licht die Entwicklung einer innovativen Plattform fur
unterschiedliche Materialien und Materialkombinatio-
nen mit neuartigen Eigenschaften, jenseits der Moglich-
keiten der klassischen Heteroepitaxie. Das IKZ beschaf-
tigt sich seit 3 Jahren mit der Herstellung und Stapelung
solcher freistehenden kristalliner Schichten.

Mit dem IKZ International Guest Fellowship Award 2023
soll ein international renommierter Wissenschaftlicher
aus dem neu aufkommenden Forschungsgebiet der
freistehenden dinnen Oxidschichten geehrt, und eine
internationale Zusammenarbeit mit dem IKZ auf die-
sem Gebiet etabliert werden. Der diesjahrige Preistra-
ger ist Prof. Nini Pryds von der DTU, ein international
anerkannter Wissenschaftler auf dem Gebiet der dun-
nen Perowskitschichten. Er hat herausragende Beitrage
zu neuen Disziplinen wie ,Nanoionik” und ,lontronik”
geleistet, die sich mit dem Entwurf und der Kontrolle
von grenzflachenbezogenen Phanomenen in schnellen
ionischen und elektronischen Leitern befassen. Seit ge-
raumer Zeit beschaftigt sich Prof. Nini Pryds auch mit
Synthese, Transfer und Charakterisierung von freiste-
henden kristallinen Oxidschichten.

Die Auszeichnung wurde im Rahmen des Workshops
LFreestanding Functional Thin Films” am IKZ tberreicht.
Das Programm bot neben der Preisverleihung an Prof.
Nini Pryds auch mehrere Vortrage zu dem Thema und
die Moglichkeit zur Diskussion Uber gemeinsame zu-
kinftige Kooperationen und Forschungsantrage.

IKZ International Guest
Fellowship Award 2023
“Freestanding Functional
Oxide Films” granted to
Prof. Nini Pryds

The IKZ International Guest Fellowship Award 2023 has
been awarded to Prof. Nini Pryds from the Technical
University of Denmark (DTU) for his significant contri-
butions in the field of manipulation of free-standing
perovskite layers.

Depending on their composition and structure, oxides
offer many different functional properties that can be
specifically influenced by lattice strains, the formation
of heterointerfaces or deviations from the stoichiome-
try. The production and stacking of free-standing oxide
membranes enables the development of an innovative
platform for different materials and material combina-
tions with novel properties, beyond the possibilities of
classical heteroepitaxy. IKZ has been dealing with the
production and stacking of such free-standing crystal-
line layers for 3 years.

The IKZ International Guest Fellowship Award 2023 is
intended to honour an internationally renowned scien-
tist from the newly emerging research field of
free-standing thin oxide layers, and to establish inter-
national cooperation with the IKZ in this field. This
year’'s winner is Prof. Nini Pryds from the DTU, an inter-
nationally well-known scientist in the field of thin per-
ovskite layers. He has made outstanding contributions
to new disciplines such as “nanoionics” and “iontronics”,
which deal with the design and control of interface-re-
lated phenomena in fast ionic and electronic conduc-
tors. In recent years, Prof. Nini Pryds has also been
working on the synthesis, transfer and characterization
of free-standing crystalline oxide layers.

The award was presented during the “Freestanding
Functional Thin Films” workshop at the IKZ. In addition
to the award ceremony for Prof. Nini Pryds, the pro-
gram offered several lectures on the subject and the
opportunity to discuss future joint collaborations and
research proposals.
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Laudise-Preis
fiir Prof. Peter Rudolph

Unser langjahriger Kollege Prof. Peter Rudolph wurde
wahrend der 20. Internationalen Konferenz fur Kristall-
zlchtung (ICCG-20) in Neapel mit dem Laudise-Preis der
International Organization for Crystal Growth (I0CG)
ausgezeichnet.

Der renommierte Laudise-Preis wird von der Internatio-
nalen Gesellschaft fur Kristallzichtung (I0CG) alle drei
Jahre fir auBergewothnliche Leistungen an Wissen-
schaftler auf dem Gebiet der Kristallzichtung verlie-
hen, die einen besonderen Beitrag insbesondere auch
in Sicht auf technologische Losungen lieferten.

Prof. Peter Rudolph ist mit dem Preis fur seine aul3erge-
wohnlichen Leistungen, mit einem tiefen Verstandnis
fur die Grundlagen des Kristallwachstums in Verbin-
dung mit technologischen Anwendungen auf dem Ge-
biet verschiedener Halbleiter (II-VI, llI-V und Silizium)
geehrt worden. Seine Arbeiten umfassten dabei wichti-
ge Erkenntnisse ausgehend von Strukturen der Schmel-
ze, Punktdefektdynamik, in situ Stdchiometriekontrolle,
Versetzungsnetzwerken bis hin zum Einsatz dulBerer
Felder. Er hat in seinem Berufsleben ca. 250 wissen-
schaftliche Publikationen, darunter 2 Monographien,
8 Editionen, 29 Buchbeitrdge sowie 35 Patente verof-
fentlicht. Von 1995 bis 2011 war er als wissenschaftli-
cher Mitarbeiter und spater auch als Leiter der Abtei-
lung ,Technologieentwicklung” am IKZ beschaftigt.

Sein Name ist ebenfalls eng mit der Anwendung von
Magnetfeldern in der Kristallzlichtung verkntpft: Als
Projektleiter am IKZ entwickelten er und sein Team die
KRISTMAG®-Technologie, die durch den Einsatz dyna-
mischer Magnetfelder auf halbleitende Schmelzen eine
Verbesserung der Materialeigenschaften der gezichte-
ten Kristalle ermdglicht. Diese Innovation fihrte vom
Konzept bis zur industriellen Anwendung und wurde
2008 mit dem Technologiepreis Berlin-Brandenburg
ausgezeichnet.
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Prof. Thierry Duffar (Vorsitzender der Preiskommission, Mitte)
und Prof. Koichi Kakimoto (Prdsident der I0CG, rechts)
Uberreichen Prof. Peter Rudolph (links) den Laudise-Preis

Prof. Thierry Duffar (chairman of the prize committee, center)
and Prof. Koichi Kakimoto (president of I0CG, right)
present Prof. Peter Rudolph (left) with the Laudise Prize

Laudise Prize
for Prof. Peter Rudolph

Our long-time colleague Prof. Peter Rudolph was award-
ed the Laudise Prize of the International Organization
for Crystal Growth (I0OCG) during the 20th International
Conference on Crystal Growth (ICCG-20) in Naples.

The renowned Laudise Prize is awarded every three
years by the International Organization for Crystal
Growth (IOCG) for exceptional achievements in the field
of crystal growth to scientists who have made a special
contribution, particularly with regard to technological
solutions.

Prof. Peter Rudolph was honored with the award for his
exceptional achievements in a deep understanding of
the fundamentals of crystal growth in connection with
technological applications in the field of various semi-
conductors (I1-VI, l11-V and silicon). His work includes im-
portant insights into melt structures, point defect dy-
namics, in situ stoichiometry control, dislocation
networks and the use of external fields. In his profes-
sional carrier he has published around 250 scientific
publications, including 2 monographs, 8 editions, 29
book contributions and 35 patents. From 1995 to 2011
he worked at the IKZ as a researcher and later on also as
the head of the Technology Development department.

His name is also closely associated with the application
of magnetic fields in crystal growth: As project leader at
the IKZ, he and his team developed the KRISTMAG®
technology, which improves the material properties of
grown crystals by applying dynamic magnetic fields on
semiconducting melts. This innovation was developed
from concept to industrial application and was awarded
the Berlin-Brandenburg Innovation Award in 2008.
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From Order to Disorder -
Berlin Science Week 2023

Die 8. Berlin Science Week vom 1. - 10. November 2023
stand ganz im Zeichen von Mobilitats- und Energiewen-
de, Herausforderungen und Zukunft der Arbeit in der
Wissenschaft, Fortschritte in Quantum Technologien
und Kernfusion sowie Synergie von Kunst und Wissen-
schaft. Mit rund 200 Veranstaltungen, etwa 500 Spea-
kern und mehr als 35.000 Besucherinnen und Besu-
chern bot sie Uber die ganze Stadt verteilt ein
umfassendes Programm, bei dem fiur jeden etwas dabei
war.

Das IKZ prasentierte sich hierbei mit der Fragestellung
»From Hot & Cold Crystals - Why order matters” und
zeigte auf beeindruckende Weise verschiedenste Pha-
senlUbergange in Experimenten. In den Demonstratio-
nen wurde den Besuchenden das Funktionsprinzip von
Handwdrmern nahergebracht oder gezeigt, wie man
eine eigene Nebelmaschine baut. Besonderes Interesse
brachte auch die Frage hervor, was man bei -50°C am
Sudpol nicht tun sollte, wenn man am Leben bleiben
will.

Den Rahmen fiur die Demonstrationen bot der vom
Paul-Drude-Institut flur Festkorperelektronik organi-
sierte Abend im FORUM HolzmarktstralRe, welcher ganz
im Motto ,Phasentbergange in Materie, Geist und Ge-
sellschaft” stand und von scharfsinnigen Debatten Uber
Kunst, Naturwissenschaften und politische Systeme be-
gleitet war.

From Order to Disorder -
Berlin Science Week 2023

The 8th Berlin Science Week from November 1 - 10,
2023 was all about the mobility and energy transition,
the challenges and future of work in science, advances
in quantum technologies and nuclear fusion, and the
synergy of art and science. With around 200 events,
around 500 speakers and more than 35,000 visitors, it
offered a comprehensive program throughout the city
with something for everyone.

The IKZ presented itself with the topic “From Hot & Cold
Crystals - Why order matters” and impressively demon-
strated various phase transitions in experiments. In the
demonstrations, visitors were introduced to the func-
tional principle of hand warmers or shown how to build
their own fog machine. The question of what you
shouldn’t do at -50°C at the South Pole if you want to
stay alive also aroused particular interest.

The framework for the demonstrations was provided by
the evening organized by the Paul Drude Institute for
Solid State Electronics at the FORUM Holzmarktstralle,
which was themed “Phase Transitions in Matter, Mind
and Society” and was accompanied by sharp-witted de-
bates about art, science and political systems.

Photos: Florian Ritter/Paul-Drude-Insitut Berlin
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Hochste Reinheit:
Wegweisend bei der
Entwicklung von Fluorid-
kristallen

Interview mit Hiroki Tanaka,
Nachwuchsgruppenleiter am IKZ

Fluorid-Einkristalle sind Schlisselkomponenten flr eine
Vielzahl von Photonik-Anwendungen wie Lasermateriali-
en, optische Hochleistungsisolatoren sowie nichtlineare
Frequenzwandler und optische Fenster mit hervorra-
genden Eigenschaften im tiefen UV-Bereich. Dr. Hiroki
Tanaka wurde in 2023 von der Leibniz-Gemeinschaft fur
die Forderlinie der Leibniz-Junior Research Groups aus-
gewahlt und leitet die Nachwuchsgruppe , Fluoridkristal-
le fur photonische Anwendungen” am IKZ. In diesem In-
terview mochten wir mit ihm Uber seine Forschung und
Ziele sprechen, welche Méglichkeiten ihm das IKZ bietet
und was ihn antreibt.

Wie sieht lhre Arbeit am IKZ aus?

Ich leite ein interdisziplindres Forschungsteam am IKZ, das
sich mit Fluorid-Einkristallen fiir die Photonik beschdftigt.
Unser Ziel ist es, die Grenzen der derzeitigen Photonen-
technologien zu erforschen und zu erweitern, indem wir
Materialengpdsse beseitigen. Dies umfasst sowohl die
Materialwissenschaft als auch die Optik und zielt darauf
ab, ultrareine Fluoridkristalle herzustellen, die fir die
Weiterentwicklung der Photonik entscheidend sind.

Und woran genau arbeiten Sie?

Derzeit arbeite ich an zwei Hauptthemen: Laserkiihlung
von Festkérpern durch Anti-Stokes-Fluoreszenz und nichtli-
neare Optik im Vakuum-UV-Spektralbereich. Die LaserkUih-
lung von Festkdrpern ist eine innovative Technologie, bei
der feste Materialien einfach durch Laseranregung gekihlt
werden, wodurch der Weg fiir kompakte, vibrationsfreie
kryogene Kiihlsysteme geebnet wird. Dieser Kiihlprozess,
bei dem die Anti-Stokes-Fluoreszenz zum Einsatz kommt,
reagiert sehr empfindlich auf die Qualitdt der Kristalle,
insbesondere auf deren Verunreinigungen. Daher miissen
sich die Wissenschaftlerinnen und Wissenschaftler im
Bereich der Kristallziichtung mit diesem Problem befassen,
um weitere Fortschritte auf diesem Gebiet zu erzielen.
Dariiber hinaus weisen Fluoridkristalle eine perfekte
Durchldssigkeit im Vakuum-UV-Bereich (<200 nm) auf,
wdhrend Oxidkristalle nicht transparent sind. Die nichtli-
neare Lichtumwandlung in einem solch kurzwelligen Spek-
tralbereich ist fiir verschiedene Anwendungen duferst
wiinschenswert. Unser Ziel ist es, eine neue, auf Fluorid-
kristallen basierende Technologie fiir kohdrente
Dauerlichtquellen in diesem Zielbereich zu entwickeln.
Neben der Grundlagenforschung werden von meinem
Team auch Dienstleistungen auf dem Gebiet der Kristall-
zlichtung erbracht, einschlieflich des Technologietransfers
an Industriepartner.
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Unprecedented high purity:
pioneering in developing
fluoride crystals

Interview with Hiroki Tanaka,
Junior research group leader at IKZ

Fluoride single crystals are key components for a vari-
ety of photonics applications such as laser materials,
high power optical insulators, as well as nonlinear fre-
quency converters and optical windows with superior
properties in the deep-UV region. Dr. Hiroki Tanaka has
been selected by the Leibniz Association for the Leib-
niz-Junior Research group funding line in 2023 and is
leading the "Fluoride Crystals for Photonics Applica-
tions" group at IKZ. leading the junior research group
“Fluoride Crystals for Photonics Applications” at IKZ
since April 2019. In this interview, we would like to talk
to him about his research and goals, what opportunities
the IKZ offers him and what drives him.

What does your work involve at the IKZ?

I lead an interdisciplinary research team at IKZ focusing
on fluoride single crystals for photonics. Our goal is to
explore and push the limits of current photonics technolo-
gies by addressing material bottlenecks. This involves both
materials science and optics, aiming to produce ultra-pure
fluoride crystals critical for advancing photonics.

And what exactly are you working on?
Currently, | am working on two main topics: laser cooling
of solids by anti-Stokes fluorescence and nonlinear optics
in the vacuum UV spectral range. Laser cooling of solids is
an innovative technology that refrigerates solid materials
simply through laser excitation, paving the way for
compact, vibration-free cryogenic cooling systems. This
cooling process, utilizing anti-Stokes fluorescence, is highly
sensitive to the quality of the crystals, particularly their
impurities. Therefore, crystal growth scientists must
address this issue to further advance the field.
Additionally, fluoride crystals exhibit perfect transparency
in the vacuum UV range (<200 nm), where oxide crystals
are not transparent. Nonlinear light conversion into such
a short-wavelength spectral range is highly desirable for
various applications. We aim to develop a new fluoride
crystal-based technology for continuous-wave coherent
light sources in this target range.
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Ich erhalte hdufig Anfragen nach speziellen Fluoridkristal-
len, die entweder nicht kommerziell erhdltlich sind oder
kundenspezifische Spezifikationen erfordern. Viele dieser
Anfragen kommen aus dem Optik- und Laserbereich,

wo mein Hintergrund in der Optik es mir ermdéglicht, die
Anforderungen der Kunden schnell zu verstehen und zu
erftllen.

Welche Bedeutung hat diese Arbeit

fiir die Gesellschaft?

Fortschritte in der Photonik-Technologie haben das Po-
tenzial, verschiedene Bereiche zu revolutionieren, darun-
ter auch die Quantentechnologie. Durch die Uberwindung
von Materialbeschrénkungen kann unsere Forschung die
Umsetzung von Spitzentechnologien erleichtern, die der
Gesellschaft in vielerlei Hinsicht Vorteile bringen werden.
Beispielsweise arbeiten wir derzeit an BaMgF ,-Kristallen
mit hoher UV-Durchléssigkeit, um durch nichtlineare
Frequenzumwandlung schmalbandige kohdrente Licht-
quellen unter 200 nm zu entwickeln. Diese Lichtquellen
werden fir die Thorium-Kernuhr dringend benétigt, um
eine genauere Definition der Sekunde zu erreichen. Dies
ist ein Beispiel dafiir, wie ein bestimmter Kristall fiir den
Fortschritt in der Spitzenwissenschaft unverzichtbar ist.

Welche Méglichkeiten bietet lhnen

das IKZ fiir lhre Forschung? Was ist das
Besondere an lhrer Arbeit hier?

Das IKZ bietet ein einzigartiges Fachwissen im Bereich
der Kristallziichtung, das fiir meine Forschung von ent-
scheidender Bedeutung ist. Die einzigartige Kombination
aus fortschrittlichen materialwissenschaftlichen Fahig-
keiten und einem Schwerpunkt auf Grundlagen- und an-
gewandter Forschung passt perfekt zu den Zielen meines
Projekts. Dieses Umfeld unterstiitzt innovative Ansdtze
zur Uberwindung von Materialbeschrinkungen in der
Photonik.

Konnen Sie in Worte fassen,

was Sie motiviert?

Mich treibt der Wunsch an, einen Beitrag zur wissen-
schaftlichen Gemeinschaft zu leisten und Technologien
voranzutreiben, die die Gesellschaft mafigeblich beein-
flussen kénnen. Das Potenzial, kritische Herausforderun-
gen in der Photonik durch innovative Materialwissen-
schaft zu ldsen, ist ein starker Motivator.

Was kdnnte dies fiir

lhre Karriere bedeuten?

Die Leitung eines Forschungsteams und die erfolgreiche
Bewdltigung der Herausforderungen in diesem Projekt
stellen wichtige Meilensteine in meiner akademischen
Laufbahn dar. Diese Errungenschaften kénnen mich als
fuihrend auf dem Gebiet der Materialwissenschaften und
der Photonik etablieren und eréffnen mir Méglichkeiten
fuir weitere Forschung, Zusammenarbeit und potenziell
grofSere Verantwortung in der wissenschaftlichen
Gemeinschaft.

Besides fundamental research, my team also manages
crystal growth service activities, including technology
transfer to an industrial partner. | frequently receive inquiries
for special fluoride crystals, which are either commercially
unavailable or require custom specifications. Many of these
requests come from the optics and laser sectors, where my
background in optics allows me to rapidly comprehend and
address client requirements.

What is new about your research?

Our research is pioneering in developing fluoride crystals
with unprecedentedly high purity. These ultra-pure crystals
are essential for advancing various photonics applications,
which currently face limitations due to the unavailability
of suitable crystalline materials. We have the expertise to
prepare high-purity fluoride compounds by removing oxide
impurities through a chemical method. Additionally, we are
developing a new system to reduce metal impurities during
the crystal growth process.

Why is it important for society?

Advancements in photonics technology have the potential to
revolutionize various sectors, including quantum technolo-
gies. By overcoming material limitations, our research can
facilitate the implementation of cutting-edge technologies
that promise to benefit society in numerous ways. For
example, we are currently working on BaMgF, crystals with
high UV transparency for developing narrow-line coherent
light sources below 200 nm through nonlinear frequency
conversion. These light sources are highly desired by the
thorium nuclear clock community for achieving a more
precise definition of a second. This exemplifies how a specific
crystal is indispensable for advancing cutting-edge science.

What opportunities does the IKZ offer you
for your research? What is special about
your work here?

IKZ offers unparalleled expertise in crystal growth, which is
crucial for my research. The institute’s unique combination of
advanced materials science capabilities and a focus on both
basic and applied research aligns perfectly with the goals of
my project. This environment supports innovative approaches
to overcoming material limitations in photonics.

Can you put into words what motivates you?
I am driven by the desire to contribute to the scientific
community and to advance technologies that can significant-
ly impact society. The potential to solve critical challenges

in photonics through innovative materials science is a
powerful motivator.

What could this mean for your career?
Leading a research team and successfully overcoming the
challenges in this project represent significant milestones in
my academic career. These achievements can establish me
as a leader in the field of materials science and photonics,
opening up opportunities for further research, collaboration,
and potentially greater responsibilities in the scientific
community.
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Bericht der
Promovierenden

Das Jahr 2023 war fur die PhD-Studierenden ein ereignis-
reiches Jahr, mit vielen Veranstaltungen und der Aussicht
auf zukUnftige Veranderungen.

Im Laufe des Jahres hatten wir mehrere PhD-Veranstal-
tungen, darunter unsere monatlichen Seminare und Grill-
feste im Sommer. Diese Veranstaltungen boten Mdoglich-
keiten zum Wissensaustausch und zur Entspannung fur
die PhD-Studierenden und trugen zu einem Gemein-
schaftsgefuhl bei. Um das Jahr festlich ausklingen zu las-
sen, planten wir ein PhD-Weihnachtstreffen. Diese Veran-
staltung beinhaltete Quizspiele und Pizza, was eine
unterhaltsame und ansprechende Mdglichkeit war, die
Erfolge der Doktoranden zu feiern und sich nach einem
Jahr harter Arbeit zu entspannen.

Eine neue Initiative in diesem Jahr war die Grindung ei-
ner Python-Arbeitsgruppe. Diese Gruppe hat vielen Stu-
denten dabei geholfen, sich mit Python vertraut zu ma-
chen und die Sprache zur Losung ihrer Probleme
einzusetzen. Die kollaborative Umgebung der Arbeits-
gruppe hat die Programmierfahigkeiten der Doktoranden
verbessert und uns darin geschult, Datenanalysen und
andere forschungsbezogene Aufgaben besser zu bewalti-
gen. Dr. Carsten Richter und Dr. Sebastian Bruckner un-
terstltzten diese Aktivitdten umfassend. Obwohl die
Arbeitsgruppe derzeit pausiert, ist geplant, sie in Zukunft
wieder aufzunehmen.

Im Mai 2024 unternahmen wir eine PhD-Exkursion nach
Freiberg. Wir besuchten das Institut fir Angewandte Phy-
sik (IAP) der TU Bergakademie Freiberg unter der fach-
kundigen Leitung von Dr. Franziska Beyer vom Fraun-
hofer-Institut und Prof. Dr. Daniel Hiller von der TU
Bergakademie Freiberg. Dieser Besuch bot einen umfas-
senden Einblick in die Vorbereitung der Bauelemente im
Reinraum, gefolgt von ihren elektrischen und spektrosko-
pischen Tests und ihren Anwendungen in photovoltai-
schen Geraten.
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Report of
the doctoral students

The year 2023 has been a filled one for PhD students, with
many events and the perspective of changes in the fu-
ture.

Throughout the year, we had several PhD events, includ-
ing our monthly seminars and barbecues during summer.
These events provided opportunities for knowledge ex-
change and relaxation for the PhD students, adding to a
sense of community. To close the year on a festive note,
we planned a PhD Christmas gathering. This event includ-
ed quizzes and pizza, which was a fun and engaging way
for students to celebrate their achievements and unwind
after a year of hard work.

Assignificant new initiative this year was the formation of
a Python workgroup. The collaborative environment of
the workgroup has enhanced the skills of the students,
making us more adept in handling data analysis and
other research-related tasks. Dr. Carsten Richter and
Dr. Sebastian Bruckner provided thorough support for
these activities. Although currently paused, the work-
group is planned to resume in the future.

In May 2024, we embarked on an enriching PhD excur-
sion to Freiberg. We visited the Institute of Applied Phys-
ics (IAP) of the TU Bergakademie Freiberg under the ex-
pert guidance of Dr. Franziska Beyer from the Fraunhofer
Institute and Prof. Dr. Daniel Hiller from TU Bergakade-
mie Freiberg. This visit provided a comprehensive insight
into the preparation of devices in the cleanroom, followed
by their electrical and spectroscopy testing, and their ap-
plications in photovoltaic devices. After an informative
morning, we enjoyed a lunch break before heading to the
Museum Terra Mineralia for a private tour. The tour of-
fered us a chance to learn about the extensive mineral
collection and the natural occurrence of various crystals.
This excursion was a great experience, combining scien-
tific learning with cultural enrichment.
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Nach einem informativen Vormittag genossen wir eine
Mittagspause, bevor wir zum Museum Terra Mineralia fur
eine private Fuhrung aufbrachen. Die Fihrung gab Ein-
blick Uber die umfangreiche Mineraliensammlung und
das nattrliche Vorkommen verschiedener Kristalle. Diese
Exkursion war eine groRartige Erfahrung, die wissen-
schaftliches Lernen mit kultureller Bereicherung verband.

In diesem Jahr haben wir auch eine Umfrage durchge-
fahrt, um die Zufriedenheit unserer PhD-Kolleg*innen zu
Uberprufen. Wir freuten uns, dass die meisten Studieren-
den im Allgemeinen zufrieden sind. Die Umfrage offen-
barte jedoch Bedenken bezlglich langer Arbeitszeiten
und fehlender Unterstltzung im Bereich der psychischen
Gesundheit innerhalb des Instituts. Diese Probleme wur-
den auf der Lenkungsausschusssitzung vorgestellt, was
zu einem Folgetreffen mit Thomas Schréder und Matthias
Bickermann fuhrte. Dartber hinaus hatten wir eine Pra-
sentation von Carsten Richter (Ombudsperson) und Janet
Zapke (Verwaltungsleiterin) im PhD-Seminar, um einige
der in der Umfrage und im Treffen hervorgehobenen
Themen anzugehen. Sie gaben Ratschlage, wie wir vorge-
hen sollten, wenn wir auf Probleme wie Diskriminierung,
Rassismus, Misshandlung und Missbrauch am Arbeits-
platz stoBen. Leider bleibt das Problem der Unterstut-
zung im Bereich der psychischen Gesundheit ungelost,
und uns ist klar, dass dies ein komplexes Thema in der
akademischen Welt ist.

Zudem lasen wir mit Besorgnis im Newsletter vom Juni
Uber die einseitige Entscheidung, dass PhD-Studierende
in naher Zukunft keine festen Arbeitsplatze mehr haben
werden, sondern in Gemeinschaftsbiros arbeiten sollen.
Diese Entscheidung wurde mit dem Direktor und anderen
Institutsmitgliedern besprochen, aber viele Fragen und
Bedenken bleiben offen.

Ruckblickend auf das vergangene Jahr kénnen wir erheb-
liche Fortschritte und Stabilitat im Vergleich zu den Her-
ausforderungen von 2022 feststellen. Die verbesserten
Lieferketten, erfolgreiche Veranstaltungen und neue Initi-
ativen wie die Python-Arbeitsgruppe haben zu einem pro-
duktiven und ansprechenden Jahr fur alle PhD-Studieren-
den am IKZ beigetragen. Es gibt jedoch noch wichtige
Probleme zu I8sen, insbesondere in Bezug auf die Unter-
stlitzung im Bereich der psychischen Gesundheit und die
BUroplatzregelungen. DarUber hinaus haben 4 Studieren-
de erfolgreich ihre Dissertationen verteidigt. Wir freuen
uns auf weitere Verteidigungen, neue PhD-Studierende,
Grillfeste und Exkursionen im nachsten Jahr!

This year, we also prepared a survey to check the satisfac-
tion of our PhD peers. We were pleased to find that most
students are generally satisfied. However, the survey re-
vealed concerns about long working hours and the lack of
mental health support within the institute. These issues
were presented at the steering committee meeting,
prompting a follow-up meeting with Thomas Schréder
and Matthias Bickermann to address these concerns. Fur-
thermore, to tackle some of the issues highlighted in the
survey and meeting, we had a presentation from Carsten
Richter (Ombudsperson) and Janet Zapke (Verwaltung-
sleiterin) in the PhD seminar. They provided guidance on
how to proceed if we encounter problems such as dis-
crimination, racism, mistreatment and abuse in our work-
place. Unfortunately, the issue of mental health support
remains unresolved, and it is clear to us that it is a compli-
cated matter in academia.

Additionally, in June's newsletter, we were concerned to
read about the decision that PhD students will, in the near
future, no longer have specific working places but rather
shared offices. This decision was addressed with the di-
rector and other institute members, but many questions
and concerns remain open.

Reflecting on the past year, we can see significant prog-
ress and stability compared to the challenges of 2022.
The improved supply chain, successful events, and new
initiatives like the Python workgroup have contributed to
a productive and engaging year for all PhD students at
IKZ. However, there are still important issues to be re-
solved, particularly regarding mental health support and
office space arrangements. Additionally, in 2023, 4 stu-
dents successfully defended their theses. We are looking
forward to more defenses, new PhD students, barbecues
and excursions in the next year!
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Die Verflugbarkeit kristalliner Materialien mit definier-
ten und zuverlassigen Eigenschaften ist ein Schltssele-
lement fur die Entwicklung moderner Technologien,
insbesondere in den Bereichen Photonik und Elektro-
nik. Diese Technologien tragen zur Bewaltigung der He-
rausforderungen bei, denen sich unsere Gesellschaft
unter anderem in den Bereichen Energie, digitale Ver-
netzung, Gesundheit und Umwelt gegenulbersieht.

Das IKZ entwickelt daher besonders vielversprechende
kristalline Materialien bis hin zu Kleinserien, um die For-
schung und Entwicklung moderner Technologien insbe-
sondere im europdischen Raum zu ermdéglichen. Zu den
aktuellen Angeboten zahlen Aluminiumnitrid-Substrate
und Galliumoxid-Schichten. Unsere Galliumoxid-Subst-
rate kénnen Uber unseren Partner CrysTec GmbH bezo-
gen werden.

Aluminiumnitrid

Einkristallines Aluminiumnitrid (AIN) ist ein vielverspre-
chender Werkstoff fur zahlreiche moderne Anwendun-
gen in der Mikro- und Optoelektronik. Zu seinen her-
ausragenden Eigenschaften gehéren eine grol3e
Bandlicke, hohe Warmeleitfahigkeit und chemische
Stabilitat. Dadurch eignet es sich unter anderem fur An-
wendungen in der Optoelektronik z. B. als UV-C Leucht-
und Laserdioden zur Desinfektion, in der Metrologie,
oder in der Leistungselektronik z. B. fur High Electron
Mobility Transistoren (HEMT) zur Elektromobilitat.

Wir haben Verfahren und Technologien fir die Herstel-
lung von AIN-Substraten mit hoher kristalliner Qualitat,
hoher UV-Transparenz und hoher Oberflachenglte ent-
wickelt. Einkristalline Wafer mit epi-ready Oberflachen
sind gemal den Spezifikationsblattern in verschiede-
nen Qualitatsstufen vom IKZ beziehbar zu Forschungs-
zwecken bzw. fur die Technologieentwicklung. Aktuell
sind Wafer mit dem Durchmesser 10 mm auf Anfrage
verflgbar, im Laufe des Jahres 2024 werden auch 1 Zoll
Wafer angeboten. AuBerdem ist die Demonstration von
2-Zoll-Substraten bis Ende 2024 geplant.
www.ikz-berlin.de/angebot/aluminiumnitrid

Galliumoxid - Substrate und Epitaxie

Seit mehr als 15 Jahren wird am IKZ das Halbleitermate-
rial Ga,0; gezlichtet und untersucht. Es stellt die derzei-
tigen ,Stars” der Halbleitertechnologie - Float-Zone-Sili-
zium (Si), Siliziumcarbid (SiC) und Galliumnitrid (GaN) -
bezlglich der Effizienz bei Anwendungen in der Leis-
tungselektronik weit in den Schatten. Das IKZ ist derzeit
das einzige Institut in der EU, an dem Galliumoxid-Ein-
kristalle hergestellt werden koénnen. ,Unser Kompe-
tenzschwerpunkt waren bisherv. a. der Anlagenbau, die
Kristallzichtung und die Kristallanalyse.
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The availability of crystalline materials with defined and
reliable properties is a key element for the development
of modern technologies, particularly in the fields of
photonics and electronics. These technologies contrib-
ute to addressing the challenges our society faces in ar-
eas such as energy, digital networking, health, and the
environment.

IKZ therefore develops particularly promising crystal-
line materials up to small series to enable research and
development of modern technologies, especially in Eu-
rope. The current offerings include aluminum nitride
substrates and gallium oxide layers. Our gallium oxide
substrates can be obtained through our partner Crys-
Tec GmbH.

Aluminum Nitride

Single-crystal aluminum nitride (AIN) is a promising ma-
terial for numerous modern applications in micro- and
optoelectronics. Its outstanding properties include a
wide bandgap, high thermal conductivity, and chemical
stability. This makes it suitable for applications in opto-
electronics, such as UV-C light-emitting and laser diodes
for disinfection, in metrology, or in power electronics,
such as high electron mobility transistors (HEMT) for
electric mobility.

Aluminiumnitrid-Substrat/Aluminium nitride substrate

We have developed processes and technologies for the
production of AIN substrates with high crystalline qual-
ity, high UV transparency, and high surface quality. Sin-
gle-crystal wafers with epi-ready surfaces are available
from IKZ for research purposes or technology develop-
ment according to the specification sheets in various
quality grades. Currently, wafers with a diameter of 10
mm are available on request. By the end of 2024, 1-inch
wafers will also be offered, and the demonstration of
2-inch substrates is planned by the end of 2024.

www.ikz-berlin.de/angebot/aluminiumnitrid
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Die Technologien zur effizienten Praparation grof3flachi-
ger Substrate mit definierten Eigenschaften, die bend-
tigt werden, um das Material fUr die Leistungselektronik
umfassend zu erforschen und zu optimieren entwickeln
wir gerade”, betont Dr. Thomas Straubinger der als Lei-
ter der IKZ-Sektion Kristalle fur Elektronik verantwort-
lich fur die Fertigung von Galliumoxid-Prototypsubstra-
ten ist.

An dieser Stelle kommt das mittelstandische Berliner
Unternehmen CrysTec ins Spiel. Es ist mit dem IKZ be-
reits seit vielen Jahren Uber Forschungsprojekte und
Substratpraparationen aus deren Spezialkristallen fur
den weltweiten Forschungsmarkt der Oxidelektronik
verbunden. Die am IKZ gezlichteten Kristalle haben ei-
nen Durchmesser von bis zu 2 Inch und kénnen semiiso-
lierend (fUr laterale Leistungselektronik) oder leitfahig
(fur vertikale Leistungselektronik) sein. Wahrend leitfa-
higes Material aktuell exklusiv fir Forschungsthemen
am IKZ genutzt wird, kénnen semiisolierende Substrate
mit (100) Orientierung und verschiedenen Off-Cuts von
unserem Industriepartner CrysTec GmbH bezogen wer-
den; die Ga,0; Kristalle selbst werden hierzu am IKZ ge-
zlchtet.

Parallel zu der Zichtung der Volumenkristalle haben wir
zudem eine Technologie fur die Abscheidung von
B-Ga,0, Schichten mit geringer Defektdichte, hoher
Elektronenmobilitat und hoher Oberflachenqualitat
mittels MOVPE (Metallorganische Gasphasenepitaxie)
entwickelt.

Galliumoxid-Wafer
Gallium oxide wafers

Gallium Oxide - Substrates and Epitaxy
For over 15 years, the semiconductor material Ga,0O,
has been grown and studied at IKZ. It far surpasses the
current “stars” of semiconductor technology - float-
zone silicon (Si), silicon carbide (SiC), and gallium nitride
(GaN) - in terms of efficiency for power electronics ap-
plications. IKZ is currently the only institute in the EU
capable of producing single-crystal gallium oxide. “Our
main focus so far has been on equipment construction,
crystal growth, and analysis of the grown crystals. Cur-
rently, we are developing technologies for the efficient
preparation of large-area substrates with defined prop-
erties, which are needed for the in-depth study and op-
timization of the material for power electronics,” em-
phasizes Dr. Thomas Straubinger, head of the IKZ
section Crystals for Electronics, responsible for the pro-
duction of gallium oxide prototype substrates.

IKZ and CrysTec GmbH are partners in the provision of gallium
oxide substrates.

Das IKZ und die CrysTec GmbH kooperieren in der Bereitstellung
von Galliumoxid-Substraten.

At this point, the medium-sized Berlin company CrysTec
comes into play. For many years, it has been in close
cooperation with IKZ for many years through research
projects and substrate preparations of IKZ's specialty
crystals for the global oxide electronics research mar-
ket. The crystals grown at IKZ have a diameter of up to
2 inches and can be semi-insulating (for lateral power
electronics) or conductive (for vertical power electron-
ics). While conductive material is currently used exclu-
sively for research topics at IKZ, semi-insulating sub-
strates with (100) orientation and various off-cuts can
be obtained from our industrial partner CrysTec GmbH;
the Ga,0; crystals themselves are grown at IKZ.


http://www.crystec.de/
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Wir bieten diese Epitaxie-Schichten hochster Qualitatin
einem breiten Schichtdickenbereich und mit spezifi-
schen Dotierungskonzentrationen an. Unser Epitaxie-
verfahren ist kompatibel mit den kristallinen Orientie-
rungen (100) 4°off und (010) und hat das Potential fur
die Heteroepitaxie auf Fremdsubstraten wie Si, SiC,
GaN.... etc. Homo- und heteroepitaktische Schichten
kénnen individuell angepasst werden, Standard-
Spezifikationen finden sich unter:
https://www.ikz-berlin.de/angebot/galliumoxid

Einen Uberblick Gber unsere Serviceleistungen findet
sich hier:
https://www.ikz-berlin.de/transfer-service/
service-marketing

Hier finden Sie auch unsere Broschdren.

‘.%’.‘ Ikz LEIBNIZ-INSTITUT FUR
KRISTALLZUCHTUNG

GALLIUM OXIDE - THE NEXT
HIGH PERFORMANCE MATERIAL
FOR HIGH POWER DEVICES

Nathe AIN
Efficient pe, Su
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Along with bulk crystal growth, we have also developed
a technology for the deposition of 3-Ga,0; layers with
low defect density, high electron mobility, and high sur-
face quality using MOVPE (Metal-Organic Vapor Phase
Epitaxy). We offer these high-quality epitaxial layersin a
wide range of thicknesses and with specific doping con-
centrations. Our epitaxy process is compatible with the
crystalline orientations (100) 4° off and (010) and has
the potential for heteroepitaxy on foreign substrates
such as Si, SiC, GaN, etc. Homo- and heteroepitaxial lay-
ers can be customized, and standard specifications can
be found at:
https://www.ikz-berlin.de/angebot/galliumoxid

An overview of our services can be found here:
https://www.ikz-berlin.de/transfer-service/
service-marketing

You can also find our brochures on this site.
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https://www.ikz-berlin.de/angebot/galliumoxid
https://www.ikz-berlin.de/transfer-service/service-marketing
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Potential of La-Doped SrTiO,
Thin Films Grown by Metal-
Organic Vapor Phase Epitaxy for
Thermoelectric Applications

Aykut Baki', Mohamed Abdeldayem’, Carlos Morales’, Jan Ingo Flege?, Detlef Klimm®,

Oliver Bierwagen3, and Jutta Schwarzkopf'

"Leibniz-Institut fir Kristallziichtung, Berlin, Germany
2Paul-Drude-institut fiir Festkérperelektronik, Berlin, Germany
3 Brandenburgische Technische Universitat Cottbus-Senftenberg, Cottbus, Germany

In our environment, many heat sources can be found
whose parasitic waste heat can be exploited for energy
harvesting concepts representing one possible com-
ponent of the future energy transition. Furthermore,
it enables devices to be operated independently of the
power grid or batteries, as is necessary for sensor or
monitor applications in health applications, for exam-
ple. It makes use of the thermoelectric effect, in which
atemperature difference is converted into electrical en-
ergy. On the atomic scale, the applied temperature gra-
dient causes charge carriers in the material to diffuse
from the hot side to the cold side, thereby generating
electrical energy. However, most thermoelectric mate-
rials used are based on materials that are environmen-
tally unfriendly such as Pd and Te. Consequently, for
sustainability reasons, there is a demand for more envi-
ronmentally friendly materials that are in addition more
stable at high temperatures and in harsh atmospheres
with at least comparable and appropriate thermoelec-
tric properties.

The key characteristic of thermoelectric materials is
given by the Seebeck coefficient (or thermopower) S
which is inversely proportional to charge carrier density
n (S ~n=73), the electrical (o), and thermal (k) conductiv-
ity, which together define the dimensionless figure of
merit (ZT= SZT" T) of the material. Highly efficient mate-
rials are specified by a high-power factor (S%c) and low
thermal conductivity k.

SrTiO, is a promising material for thermoelectric appli-
cations because it exhibits a large Seebeck coefficient
even at high temperatures [1] and it is chemically inert
and stable up to 1000°C. Electrical conductivity of ac-
tually insulating SrTiO; is achieved by the substitution
of Sr or Ti by elements with different oxidation state.
In particular, La** is suitable to replace Sr** due to the
similarity of the ionic radii and it provides an extra free
electron which causes electrical conductivity [2].

In order to achieve sufficiently high electrical conductiv-
ity, films must be grown with high crystalline perfection
and precisely controlled doping concentration.

This requires a growth method that allows the epitaxi-
al growth of thin films with high structural quality and
low defect density. Metal-organic vapor phase epitaxy
(MOVPE) enables the epitaxial growth of stoichiometric
well-ordered SrTiO, thin films [3] at oxygen partial pres-
sures that are orders of magnitude higher than in phys-
ical methods like pulsed laser deposition (PLD) or mo-
lecular beam epitaxy (MBE). The independent control
of the partial pressure of all constituents (including the
doping element) permits the precise adjustment of the
chemical composition of the films. Further advantage of
MOVPE is the easy upscaling possibility, which makes it
suitable for industrial applications. However, up to now,
very few reports have addressed the epitaxial growth
of SrTiO; with MOVPE [4], due to the limited availability,
complex handling, and challenging delivery into the gas
phase of the metal-organic (MO) precursors.

In MOVPE all constituent elements are used as MO
source material which have to be introduced as gas into
the reaction chamber. However, since the precursors
for La-doped SrTiO; - Sr(tmhd),-tetraglyme, Ti(OiPr),(t-
mhd),, and La(tmhd), - are solid, they have to be dis-
solved in a suitable solvent (here: toluene), delivered
by peristaltic pumps to a flash evaporation system to
convert the liquid to the gas phase and transported
with Ar as carrier gas into the reaction chamber. The MO
precursors have to be decomposed at the heated sub-
strates and form - together with oxygen as a reacting
gas - the desired perovskite phase if the supplied ratio
of the elements is appropriate in the gas phase. One of
the key parameters in this method is the temperatures
of the flash evaporators, which critically determine the
effectivity of the vaporization of the precursor-toluene
mixtures and depend on the chemical element and the
precursors’ ligands. For that purpose, we studied the
thermal decomposition behavior of the MO precursors
by thermogravimetric analysis method which records
the loss of material mass as a function of temperature,
and gives information about the material decomposi-
tion behavior (see Fig. 1).



Fig. 1

Thermogravimetric analysis of the MO precursors

(a) Ti(OiPr),(tmhd),, (b) Sr(tmhd),-tetraglyme, (c) La(tmhd).
Chemical structure of each organic compound is illustrated
in the relevant graphs [5].

From these measurements we concluded that 210°C is
a suitable flash evaporation temperature where partial
decomposition of all precursors takes place, and which
is well below the total decomposition temperature that
provides thin film growth by MOVPE.

Starting from undoped, stoichiometric SrTiO; films, by
additionally introducing the La(tmhd); precursor into
the gas phase 30 - 50 nm thick La-doped SrTiO; films
were epitaxially grown on SrTiO; substrates without a
significant formation of a foreign phase and n-type con-
ductivity. By precisely controlling the concentration of
the La precursor in the precursor solution, the charge
carrier density n in the La-SrTiO; thin films was varied
between 5.7 x 10 and 4.3 x 102° cm~ showing a linear
relationship to the La concentration. From the electrical
conductivity and the Seebeck coefficient ISI the power
factor S?c was calculated as a function of the charge car-
rier concentration n which reveals a maximum value of
5.7 pWem™ K2 at n = 2.3 x 102°cm™ as shown in Fig. 2.
These values are only slightly lower compared to those
obtained for MBE films, which is tentatively explained
by the formation of a small number of Ruddlesden-Pop-
per-like defects and associated antiphase boundaries.
Our results verify the good quality of our MOVPE-grown
films and their high potential for thermoelectric ap-
plication. More details can be found in the published

paper [5].
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Fig. 2

(a) Absolute value of the Seebeck coefficient |S|,

(b) conductivity g, and (c) power factor S?c as a function of the
charge carrier density n [5].
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Real-time Monitoring of
Homo- and Heteroepitaxial
Ga,0; MOVPE processes

Ta-Shun Chou, Saud Bin Anooz, Jana Rehm, Thi Thuy Vi Tran, Arub Akhtar,

Leibniz-Institut fur Kristallzichtung , Berlin, Germany

The novel semiconductor material gallium oxide (Ga,0,)
has the potential for low-loss and cost-effective power
electronics and could, therefore, significantly contribute
to a lower energy loss during the energy transition[1].
Such applications require high-quality 3-Ga,O, layers
(both homo and heteroepitaxial) preferred grown by
metal-organic vapor phase epitaxy (MOVPE) with pre-
cise thickness and doping concentration control. To en-
sure precise control over the quality and consistency of
growth processes for homo- and heteroepitaxy, in-situ
monitoring throughout the growth process is pivotal
for comprehending interfacial reactions and the growth
mechanisms of oxide semiconductors. However, such
a technique is generally developed and tailored for ni-
trides and other compound semiconductors, but not
yet for B-Ga,0; To explore the potential of in-situ moni-
toring in B-Ga,0; technology, this work summarizes the
IKZ development of in-situ monitoring for homo- or het-
ero-epitaxially grown 3-Ga,0;, films by MOVPE.

Homoepitaxy

Among all potential techniques, reflectance spectros-
copy is considered to be one of the most promising
methodologies to in-situ monitor the MOVPE process,
which has been widely used in the MOVPE-grown ho-
moepitaxial GaAs, InP, and their related compounds.
However, challenges arose regarding monitoring the
MOVPE-grown homoepitaxial B-Ga,0, films since com-
monly used reflectance anisotropy/difference spectros-
copy (RAS/RDS) is only suitable for crystals with a cu-
bic crystal structure, which is not the case for 3-Ga,0,
(monoclinic structure). To tackle this challenge, a mul-
tiwavelength reflectometer that operates at different
wavelengths (405 nm, 633 nm, and 950 nm) is used to
measure how light reflects off the growing film and the
substrate below (see Figure 1). The reflectance signal
gives us information about the phase difference, re-
lated to the difference in refractive index between the
film and the substrate. The signal from different wave-
lengths tells us different aspects of the growing film.
The shorter wavelength is generally more sensitive to
the surface roughness changes and the growth rate
fluctuation due to its relatively shorter periodicity.

On the other hand, the longer wavelength might inter-
act with the free carriers within the film and tell us more
about the carrier-induced refractive index shift owing
to doping. The researchers and the engineers need to
combine all collected information from different wave-
lengths to judge the film quality.

The commonly collected reflectance transient is shown in
Figure 2a, which does not show any obvious Fabry-Pérot
oscillation for the growth rate determination. However,
some useful information might be hidden due to a low
signal-to-noise ratio since the growing film naturally
has a different refractive index than the substrate due
to different incorporated impurities. We innovatively ap-
ply the autocorrelation function® (a common technique
to reveal the periodic signal from the received noise) to
Figure 2a, which revealed the hidden periodicity as a typ-
ical Fabry-Pérot oscillation in the autocorrelated domain,
as shown in Figure 2b. Thus, it is possible to determine
the film thickness (with the growth rate as well) with the
Fabry-Pérot formula and the periodicity (the time dif-
ference of peak-to-peak or valley-to-valley) instead of
the destructive characterizations like scanning electron
microscope (SEM) and secondary ion mass spectrom-
etry (SIMS). Moreover, the information such assurface
roughness evolution, growth mode transitions, and im-
purity incorporation,can be revealed by comparing real
and autocorrelated regime. Specifically, in-situ doping
measurements can be conducted effectively by fitting the
reflectance spectrum using the Drude model.

Heteroepitaxy

In-situ monitoring heteroepitaxy by the multiwave-
length reflectometer is normally easier due to the in-
trinsic refractive index difference between the grow-
ing film and the substrate. Growing B-Ga,0; on c-plane
Al,O; has recently been widely reported as a potential
layer structure for the B-Ga,0;-based deep-ultraviolet
(DUV) photodetector. The reflectance transient from the
B-Ga,05-0n-Al,0, process shows significant Fabry-Pérot
oscillation without any additional treatments that the
IKZ research group used to determine the film thickness
and the high-temperature refractive index without oth-
er ex-situ measurements (i.e., ellipsometry and X-ray
diffraction (XRD)).
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Fig. 2

Reflectance spectrum in (a) real-time domain and

(b) autocorrelation domain recorded simultaneously
during the homoepitaxy growth of Si-doped B-Ga,0, on
the semi-insulating B-Ga,0, substrate at an incident
wavelength of 405 nm[2].

Fig. 1

Schematic representation of the measurement arrangement
of EpiNet in-situ monitoring system under the condition

of the MOVPE system!?.

Simply knowing the film thickness is important, but we Reference
are interested in more. Recently, by implementing op-
tical simulations like effective medium approximation [1] M. Higashiwaki, K. Sasaki, H. Murakami, Y. Kumagai,

(EMA) and transfer matrix method (TMM)!, we are able A. Koukitu, A. Kuramata, T. Masui, S. Yamakoshi,
to fastly and precisely control the film thickness and H. Masataka, S. Kohei, M. Hisashi, K. Yoshinao,
quality by in-situ fitting the collected reflectance spec- K. Akinori, K. Akito, M. Takekazu, Y. Shigenobu,
trum and extracting the optical constants, which helps Semicond. Sci. Technol. 2016, 31, 34001.

to evaluate the quality film in terms of checking surface http://dx.doi.org/10.1088/0268-1242/31/3/034001

roughness fluctuation and refractive index deviation
at high temperature and ensure a high-quality layer of
lateral-built devices. Moreover, with the rising atten-
tion to the Al-alloy of B-Ga,0,, heterostructures like
B-(AlLGa,,),05-0n-B-Ga,0, with its extraordinary physi-
cal properties will be the next candidate to benefitfrom [3] T.-S. Chou, S. Bin Anooz, J. Rehm, A. Akhtar, D.

[2] T.-S. Chou, S. Bin Anooz, R. Grineberg, T. T. V. Tran,
J. Rehm, Z. Galazka, A. Popp, J. Cryst. Growth 2023,
603, 127003.
https://doi.org/10.1016/j.apsusc.2024.159370

the method described above. Mukherjee, P. Petrik, A. Popp, Appl. Surf. Sci. 2024,
652, 159370.
In conclusion, the in-house development of in-situ mon- https://doi.org/10.1016/j.apsusc.2024.159370

itoring workflow is a vital and cost-effective measure
for non-destructively controlling the physical proper-
ties and quality of films. This is important to the growth
process and the future industrialization of Ga,0,. As
demonstrated in the GaN industry, such technology en-
hances efficiency and facilitates real-time adjustments,
leading to significant advancements in material quali-
ty, production yields, and overall process optimization,
offering a pathway to industrial mass production of
B-Ga,04/ B-(Al,Ga,,),0; in the near future. Further de-
tails can be found in [2] and [3].
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Strain relaxation in SiGe
heterostructures for quantum
technologies by a geometric
Monte Carlo approach

Kevin-P. Gradwohl, Chen-Hsun Lu, Yujia Liu, Carsten Richter, Torsten Boeck, Jens Martin,

and Martin Albrecht

Leibniz-Institut fur Kristallzichtung , Berlin, Germany

Within the demonstrated realizations of qubits, solid-
state-based approaches - such as electron spin-qubits in
gate-defined quantum dots in Si/SiGe heterostructures -
are highly auspicious. Such Si-based qubits promise a
compact implementation, due to their small footprint of
few hundred nanometers, as well as great potential for
scalability attributed to their compatibility with the ex-
isting Si-based electronic technology. Furthermore, the
prospect to utilize isotopically enriched Si and Ge to im-
plement nuclear spin-free qubits can push the quantum
coherence times in the regime of seconds, which might
be the key to open the door to universal quantum com-
puting [1].

The material requirements for such Si-based hetero-
structures are enormous and difficult to meet. In par-
ticular, the qubits are hosted in an epitaxially grown
biaxiallystrained Si layer, which together with the quan-
tum confinement in such structures lifts the conduction
band degeneracy. However, even small strain fluctu-
ations, such as caused by crystal defects like disloca-
tions, make reliable large-scale integration of qubits im-
possible. Hence, we investigated the formation of misfit
dislocation (MD) networks in tensile strained Si, and the
related plastic relaxation by comparing real dislocation
networks imaged by electron microscopic methods with
results of dislocation networks from purely geometric
Monte Carlo simulations [2].

The strained Si layers were grown by molecular beam
epitaxy (MBE) above the critical thickness of MD for-
mation on fully strainrelaxed Si,,Ge, (0 0 1) virtual sub-
strates with a Ge concentration of x = 0.3. The disloca-
tions were investigated by electron channeling contrast
imaging (ECCl) measurements, as can be seen in Fig. 1a
and 1b. The dislocation contrast is difficult to maintain
on a large scale; hence the MD and threading disloca-
tion (TD) segments were marked in Fig. 1b by utilizing
several ECCl images of the same area with slightly dif-
ferent tilt angles of the sample.

The MD segments form from existing TDs within the
SiGe virtual substrate originating due to the lattice mis-
fit with respect to the Si bulk substrate, and run along
the <1 1 0> direction at the (0 0 1) Si/SiGe interface until
they meet another MD, which hinders further elonga-
tion due to the associated strain fields. This yields this
very characteristic dislocation patterns of MDs being
blocked by orthogonal MDs, as can be seen in Fig. 1b.

Since the experimental statistics of such networks is
rather small, and difficult to obtain, their characteristics
was studied by a purely geometric Monte Carlo simu-
lation. Hereby, the TDs were randomly distributed in a
two-dimensional plane and the MDs form in orthogonal
directions until they hit another MD. The term ‘geomet-
ric’ refers to the fact that in the simulations no other
physical interaction has been considered. However, this
model needs to introduce certain assumptions how the
MD segments form as function of time, since this de-
termines where the MDs are blocked by other MDs. In
this study, two simple cases were investigated, namely
either all MDs form simultaneously, or MDs form one
after each other in a random fashion (which is referred
to as non-simultaneous here). Simulated MD networks
arising from 10000 TDs are shown in Fig. 2a and 2b for
simultaneous and non-simultaneous MD formation, re-
spectively.

From the simulation results it was possible to conclude
that the ratio of the TD spacing to MD spacing is a con-
stant characteristic for the respective dislocation net-
works. This ratio converged for large simulations toward
2.0 for simultaneous, and 2.9 for non-simultaneous MD
formation, respectively. The convergence of this ratio
with respect to the TD number is quite slow, and can
only be demonstrated with simulations, since available
experimental statistics is insufficient. The importance
of this ratio stems from the fact that MD formation is di-
rectly proportional to the relaxation of Si quantum well
layers [2, 3] and consequently effecting spin coherence.




a) b)

It was also possible to distinguish the MD networks
arising from different simulation conditions by compar-
ing their fractal box dimension, which turned out to be
1.24 for the experimentally observed network. This is
in good agreement with the simulations for non-simul-
taneous MD formation, which can be explained by the
strain fluctuations due to compositional fluctuations in
the SiGe virtual substrates (cross-hatch pattern).

Our investigations highlight the characteristics of
MD networks in Si/SiGe heterostructures relevant for
qubits. Itwas possible to clarify the MD formation mech-
anism for the experimentally observed MD networks.
An important constant in this context, we established
the ratio of TD spacing to MD spacing being directly pro-
portional the plastic relaxation of the Si layer.
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Fig. 1

(a) Stitched ECCl images

of a dislocation network in

a strained Si layer on SiGe
grown by MBE,

(b) the same ECCl images as

in (a) with the misfit and
threading dislocation segments
marked by black lines and
black triangles, respectively
(modified Figure from Ref. [2]).

Fig. 2
(a) and (b) resulting misfit

dislocation network from
a geometric Monte Carlo
simulation for simultaneous

and non-simultaneous

misfit dislocation formation,

respectively
(modified Figure from Ref. [2]).
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Third generation  Gravitational-Wave  Detectors
(3G-GWD) aim to achieve unprecedented sensitivity
and resolution for detecting and studying gravitation-
al-waves and hold immense promise for expanding
our understanding of the universe. To reduce thermal
noise, future 3G-GWD, such as the Einstein Telescope
(ET), will operate at cryogenic temperatures, which is
a key to increase the detection sensitivity at interme-
diate frequencies [1]. The interferometer mirror and
the mirror suspension systems in previous GWD gen-
erations were made of fused silica, operating at room
temperature. Crystalline silicon can instead be used for
the ET interferometer test mass mirrors and mirror sus-
pension system due to its excellent material properties
at cryogenic temperatures [2]. The four mirror suspen-
sions must carry the 200 kg weight of each mirror and
must be made of thin fibers to isolate the mirrors from
environmental noise [1]. For the ET suspension system,
a fiber diameter of 3 mm is considered in this work. A
mirror suspension system made of crystalline Si fibers
is attractive because of the high mechanical quality fac-
tor Q, the very low thermal expansion coefficient, the
high strength-to-weight factor and compatibility with
the Si mirrors [3].

The Si fibers suitable for the mirror suspension system
should be of high purity and free from defects to ensure
high mechanical strength and Q factor, low thermal
noise and avoid shifting or introducing new resonant
frequencies. Since the mirror suspension is one of the
most critical design components for the performance of
the future ET, research is needed for the development
of a growth method that allows a production of thin
fibers with a well-defined diameter within very tight tol-
erances, diameter uniformity along the fiber axis, fiber
roundness, smooth surface properties and homogene-
ity of bulk material properties.

In a frame of the joint research project, “Third gener-
ation gravitational-wave telescope 3G-GWD (BMBF/
No. 05A20BC1)", we developed the growth setup that
enables stable growth of thin monocrystalline Si fibers
which will be tested for application in the ET suspension
system [4]. The setup for this research was designed at
IKZ on the basis of a float zone furnace, which is capable
of performing the classical FZ process as well as pedes-
tal growth. Both growing techniques were tested and
upgraded for the growth of thin Si fibers and are based
on the same approach of inductively heated vertical
zone melting.

In the standard FZ method, feed material is supplied
from above the inductor and the crystal is pulled in
downward direction. Conversely, in the pedestal meth-
od, feed material is supplied from below the inductor
and the crystal is pulled upwards. The dimensions of
Sifibers required for elaboration of the next generation
GWDs are set at 3 mm in diameter and at least 0.5 m
in length. In order to provide the required parameters,
machine grinded polycrystalline Si slim rods with 8 mm
diameter were found to be an optimal feed material
for the growth with minimal diameter variations. Fig.1
shows both FZ and Pedestal setups, which were devel-
oped in this research, holding polycrystalline feed rods
and grown fibers [4].

Fig. 1
Single crystalline Si-fiber growth using the pedestal (left)
and FZ (right) configurations




Fig. 2
a) Si fibers grown by FZ (top) and pedestal (bottom) methods.
b) Crystal diameter along the fiber length, grown by FZ method.

Both growth setups utilized the water-cooled copper HF
inductor that provided induction heating power gen-
erated by a 2.5 MHz supply unit. The growth process
was observed by using a hybrid device that combines
a ratio pyrometer with an infrared camera in the same
spectral range, and the temperature distribution of Si
fibers during the process was thus carefully analyzed.
During our research, the FZ and Pedestal growth reci-
pes were further optimized by consequent experimen-
tal adjustment of process parameters such as pulling
and pushing rate, crystal/feed rotation, power input
etc. to achieve stable process conditions.

Based on the empirical data obtained, we developed a
multiphysics numerical model that simulates the cou-
pling between electromagnetism, heat transfer, fluid
flow and phase boundaries for these techniques with-
in the same mathematical framework, which facilitates
direct comparisons of both growth techniques. Model
validation was addressed using experimental mea-
surements and satisfactory agreement was obtained
[4]. The understanding of the growth process enabled
by the model facilitates further optimization of crystal
quality and diameter stability.

The developed setups and adjusted process parame-
ters obtained during this research successfully ensured
the growth of 0.5 m to 1.0 m long Si fibers by both ped-
estal and FZ techniques. The stable growth conditions
during the growth process ensured the constant height
and shape of the melt as observed by the operator and
the infrared camera. The resulting fibers grown by the
FZ and pedestal techniques are compared side-by-side
in Fig.2 a) [4]. The diameter of the fibers remains con-
stant along the entire length of the crystal and is mea-
sured to be 3.0 mm, with maximum deviation of less
than 0.1 mm. The results of diameter measurements,
performed along nearly 1 mlong fiber grown by FZ tech-
nique, are shown in Fig.2 b) [4].
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Fibers grown using the pedestal technique exhibit a
closely similar diameter profile. Consequently, the sta-
bility of the growth process resulted in uniformity of
the resulting fiber diameter. These very encouraging
results show that both setups and respective growth
recipes developed in this study enable stable growth
of monocrystalline Si fibers with uniform diameter suit-
able for application in the ET suspension system. In the
follow-up project (BMBF/No. 05A23BC1) fiber shapes
for fiber to mirror attachment techniques are currently
investigated at IKZ.
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Modern applications such as artificial intelligence, 6G
wireless communication or virtual reality are increasing
the need for advanced micro- and opto- electronic tech-
nologies. The interesting properties of germanium (Ge),
such as its highest hole mobility among the common-
ly known semiconductors (>2000 cm? V' s™"), smaller
bandgap (0.66 eV), and its compatibility with Si-based
CMOS technology, have rejuvenated interest in this ma-
terial [1].

Ge already serves as an integral component in IlI-V
based solar cells, infrared optics, gamma-ray detectors,
quantum technologies [2] and some of the state-of-the-
art Si-based technologies [3]. Presently, low-resistivity
Ge substrates are achieved via ion implantation tech-
niques which introduce dopants in Ge mostly under
non-equilibrium conditions [1]. Although high dopant
concentration in Ge (> solubility at equilibrium condi-
tions) is achievable, dopant implanted Ge substrates
suffer from loses mainly arising due to the damage of
the crystallinity during implantation [4]. Like Si, large di-
ameter Ge bulk crystals can be grown dislocation free
via the melt using the Czochralski (Cz) method. Howev-
er, introducing large dopant concentration in the melt
to grow doped Ge bulk crystals can be challenging due
to multiple factors such as 1) constitutional supercool-
ing leading to small angle grain boundaries and loss of
crystallinity, 2) equilibrium segregation (k,) of dopants
and solubility limits in the Ge solid (crystal) and liquid
(melt) phases causing inhomogeneous distribution of
dopant concentration in the crystal [5,6], and 3) larger
effect (as compared to intrinsic Ge) of thermal stress-
es at the crystal-melt interface proving detrimental to
the microstructure of the crystal. Nevertheless, with
extensive experimentation and process optimization,
high crystalline quality p-type Ge bulk crystals (<10° dis-
locations/cm?) can be grown using the Cz method [5].
The conventionally used p-type dopants in Ge are gal-
lium (Ga) and boron (B). Interestingly, the segregation
behaviour of the two dopants differs significantly. Ga
shows low segregation (K., 0.087), leading to higher
concentrations at the crystal’s end, whereas B exhibits
high segregation (K, > 4), resulting in higher concentra-
tions at the crystal’s start near the seed.

Fig. 1
One of the heavily Ga doped Ge crystals grown at nearly optimised
conditions (left), poly-crystalline end cone of the crystal where the

Ga solubility limit is reached (right)

In efforts to grow heavily doped p-type Cz-Ge crystals,
several crystals with the <100> orientation were grown.
One of the crystals is shown in Figure 1. Ga (dopant) was
introduced along with the Ge feedstock in a graphite
crucible. The growth experiments were performed un-
der an argon atmosphere. The 60 mm diameter crystals
were grown with a constant pulling speed of 30 mm/h,
and the process was mainly controlled by maintaining a
uniform temperature gradient. Due to segregation-driv-
en effects, the crystallisation temperature slightly de-
creases towards the end-conus. Hence maintaining a
constant diameter of such crystals is challenging. The
Ga concentrations in the grown crystals were quantified
using the p-XRF technique is shown in Figure 2a. The
chemically determined concentrations were then com-
pared to the electrical properties determined using the
4-point probe method. The results show that up to 8 x
10" cm= Ga atoms were incorporated into the crystal
[5]. The experimental segregation coefficients (k) of
Ga in Ge, were observed to be varying between 0.014 to
0.08 (e.g. in the crystal shown in Figure 1), slightly lower
than the kg,



The dislocations (terminating on the surface of the
wafer) in the crystal were decorated using the IEEE
standard defect etchant for Ge and the etch pits were
counted. The dislocation density was measured in the
top (F,; 10%) middle (F,; 40-50%) and bottom (F,; 70-
80%) regions in the crystal. The dislocation density at
the bottom region was less than 10° cm=2. These dislo-
cations are predominantly observed to originate within
the crystal from its edges as a result of thermal stress.
A qualitative analysis along the entire crystal length
has been carried out using the energy dispersive Laue
mapping (EDLM) is shown in Figure 2b. The EDLM map
revealed the formation of small angle grain boundaries
preceding the evolution of poly-crystalline structure,
nearly at the end part of the crystal. The formation of
large number of small angle grain boundaries, mainly
due to constitutional supercooling, seems to occur at
the Ga concentrations of around 2 x 10?° cm?3. Along
with constitutional supercooling, another main reason
for the formation of the poly-crystalline region is the
solubility limit of Ga in Ge (5 x 102° cm 3). The obtained
result is in good agreement with the previously report-
ed solubility limit of Ga. This study [5] demonstrated
the feasibility of growing highly-doped Ge bulk crystals
with a high crystalline quality (< 10° dislocations/cm?)
and large number of active charge carrier concentration
enabling the production of efficient low resistively sub-
strates from the grown crystals.
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Fig. 2

(a) Concentration profile

of Ga in the Ge crystal presented

in figure 1.

The chemically determined concen-
tration from w-XRF is compared to
the electrically active charge carrier
concentration, and to the theoreti-
cal segregation curve (Scheil pro-
file) of Ga in Ge. Reproduced from
Ref. [11], under a Creative Com-
mons attribution 4.0 international.
(b) EDLM map of the wafer cut
from the vertical direction along
the growth direction [100].
Reproduced from Ref. [11], under

a Creative Commons attribution 4.0

international.
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In the last decade, B-Ga,0, has experienced enormous
development in bulk crystal growth technology, epi-
taxial film growth, device fabrication and in research
into the underlying physics of that compound. This is
the result of a large bandgap of 4.85 eV, proper appli-
cation-relevant electrical properties including a wide
doping range and a high theoretical breakdown field
of 8 MV/cm, as well as availability of large single crys-
tals and different epitaxial techniques, which allow to
fabricate devices for a diversity of applications, such as
high-power electronics, UV optoelectronics, radiation
detectors, and high temperature gas sensing. To en-
hance the capability of switching high voltages, B-Ga,O,
can be doped with aluminium (Al) that increases the
bandgap, and thus the breakdown field.

Due to the lack of lattice-matched substrates,
B-(Al,Ga,_),0; films were hitherto grown heteroepitaxial-
ly on B-Ga,O, substrates and exhibited rather poor struc-
tural quality. The present work, which we have already
published [1, 2], was aimed to demonstrate the growth
of bulk B-(Al,Ga,,),0; single crystals with very high Al
concentration [Al] (up to 35 %), suitable for homoepitaxy,
and evaluate basic structural, electrical, and optical prop-
erties as a function of this concentration.

20 mm and 55 mm diameter B-(Al,Ga,,),0; single crys-
tals were grown by the Czochralski method utilizing
Ir crucibles and inductive heating, as we described in
details e.g. in Ref. [3]. The crystals were either undoped,
or intentionally doped with Si or Mg. The growth rate
was around 1.5 mm/h, the growth atmosphere con-
tained an inert gas as well as oxygen (2 - 14 vol.%).

The melting point increases with increasing [Al], and
the measured melting points follow the liquidus of the
published phase diagram of the Ga,0; - Al,O, system.
Segregation forces the crystal to grow at higher [Al]
than that what is present in the melt, and as a conse-
quence, subsequent crystallization proceeds with a de-
creasing [Al].

The effective segregation coefficient increases with [Al]
from k.(Al) = 1.1 at low [Al] < 10 mol.% to k(Al) = 1.2 at
higher [Al]. So, for instance, at [Al] =30 % in the melt, the
first crystallized fraction (CR = 4 %) contains 36 mol.% Al,
while the lower part of the crystal (CR = 17 %) contains
33 mol.% Al (measured by ICP-OES) [2].

Fig. 1

B-(AlGa, ,),0, single crystals grown by the Czochralski method
with no other intentional doping (first row) and co-doped with
Si=0.2or 1 mol.% in the melt (second row).

Reprinted from [2] according to CC BY 4.0 license.

Fig. 1 shows Czochralski-grown -(Al,Ga,.,),0; single crys-
tals with [Al] = 0 - 30 mol.% in the melt with no inten-
tional co-doping (first row) and with [Al] = 0 - 0.35 mol.%
and co-doped with Si (second row). All the crystals with
[All = 0 - 25 mol.% were single crystals with no poly-
grains. All of them crystallized in the monoclinic system
according to XRD powder diffraction. B-(Al,Ga,.,),0; single
crystals with no intentional co-doping are all straight cyl-
inders with bluish coloration indicating semiconducting
behavior due to the presence of free charge carriers.



The crystals co-doped with Si are shorter with a cylindri-
cal length of 20 - 25 mm, beyond which a foot or spiral
forms. This is due to free carrier absorption that absorbs
heat in the near-infrared spectrum. As heat accumulates
in the growing crystal, it leads to interface inversion after
reaching a certain length. This phenomenon we have dis-
cussed in detail in previous reports (e.g., [4]). Remarkably,
weakening of the color intensity occurs with increasing
[Al], and the color vanishes at high [Al] 3 25 mol.% in con-
trast to crystals doped with Al only. This clearly indicates
a decrease of the free electron concentration. More de-
tails on the electrical properties and its potential impact
on device properties are provided in [2].

B-(Al,Ga,.),0, single crystals with [Al] = 0 - 25 mol.% in
the melt revealed good structural quality characterized
by narrow rocking curves with FWHM = 30 - 50 arcsec
for [Al] = 0 - 25 mol.% for both 20 mm and 55 mm di-
ameter crystals. All lattice constants in Fig. 2 linearly
decrease with [Al] in B-(Al,Ga,,),0, crystals, with a-axis
having the largest drop, followed by c-axis, and b-axis.
Anisotropic shrinkage of the lattice constants causes an
increase (also linear) of the angle B between the [100]
and [001] crystallographic directions (not shown here).

Fig. 2

(a) Lattice constants a, b, and c of the monoclinic B-(Al,Ga,.),0,
system vs. [Al] (x =0 - 0.35).

Reprinted from [2] according to CC BY 4.0 license.

The near-edge absorption of $-(Al,Ga,,),0; single crys-
tals was gathered by optical absorbance measure-
ments. The absorption edge with E||b-axis shifts with
[Al] from about 270 nm at [Al] = 0 mol.% to about 230
nm at [Al] = 30 mol.%. A similar shift of the absorption
edge towards shorter wavelengths is also observed for
E||c-axis. So, the band-gap absorption of B-(Al,Ga,.),0,
can be tailored for deep UV optoelectronic applications,
such as photodetectors or optical filters.
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Bandgap values, Eg, were evaluated from the near-
edge absorption coefficients for direct transitions
(@ p (E - Eg)”?), and shown in Fig. 3 for E||b and E||c.
The Egvalues increase substantially linearly and equally
for both polarizations, by 0.75 eV at [Al] = 30 mol.% with
respect to pure 3-Ga,0;.

Fig. 3

Direct bandgap for polarization parallel to b- and c-axes of
B-(AlGa,,),0;, single crystals grown by the Czochralski method.
Reprinted from [2] according to CC BY 4.0 license.
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Lithium niobate (LiNbO,) and its isostructural counter-
part lithium tantalate (LiTaO,) are technologically im-
portant synthetic oxides with unique properties. Both
materials are characterized by a large spontaneous po-
larization and are vastly employed for applications in
linear and nonlinear integrated optics as well as surface
acoustic wave generation. Despite obvious chemical
and structural similarities both compounds show some
strikingly different properties. LiNbO; has a high Curie
temperature (1195°C) nearly reaching the melting point
(1253°C) while LiTaO; (melting temperature 1650°C)
undergoes the ferro-to-paraelectric phase transition
already at 608°C. Both materials are birefringent, but
while LiNbO; is optically negative, LiTaO, is positive.
These properties, among others, have motivated the
investigation of the behavior of LiTa,Nb, O, (LNT) solid
solutions of such similar and yet different materials. The
research is funded by the DFG in the frame of the re-
search group FOR5044. The objective of the subproject
led by IKZ is the comprehensive investigation of crystal-
lization of LNT and the provision of suitable, well-char-
acterized samples.

In our first contribution [1] we focussed on the tempera-
ture of the ferroelectric phase transition, in particularon
the composition dependence. We measured specimen
prepared from previously grown solid solution single
crystals containing various Ta atomic fractions xq,. The
crystals were grown using the Czochralski technique
with inductive heating of a cylindrical crucible made of
precious metal, depending on the growth temperature
either Pt or Ir. In case of an Ir crucible the process was
conducted in protective Ar atmosphere with addition of
small amounts (< 1 Vol%) of O,, otherwise in air. Start-
ing materials were mixtures of the congruently melting
compositions of LN, respectively LT, namely 48.4 mol%
Li,O. With respect to the expected substantial compo-
nent segregation—the distribution coefficient of LT ex-
ceeds a value of 3 for Nb-rich melts—a rather pulling
rate of 0.5 mm/h was set in order to suppress constitu-
tional supercooling and related phenomena.

Thermal analysis in the
LINbO.,—LiTaO; system

Umar Bashir, Detlef Klimm, Klaus Boéttcher, Steffen Ganschow, Matthias Bickermann

Leibniz-Institut fur Kristallzichtung, Berlin, Germany

From the grown crystals, homogeneous areas were pre-
pared for thermal measurements after X-ray elemental
fluorescence (XRF) analysis. Three measurements were
performed under identical conditions (i) with empty ref-
erence and sample crucibles (base line), (ii) with Al,O,
powder as standard with known ¢,(T) function, and
(iii) with the powdered sample. The results of the first
heating deviated significantly from those of subsequent
heating cycles - probably due to the outgassing of ad-
sorbed surface contaminations, or from yet unrepro-
ducible thermal contact between crucible bottom and
reference. Theresults of the latter three measurements,
however, proved to be almostidentical. Hence, the aver-
age of ¢,(T) functions from these heating segments was
used for further evaluation.

Fig. 1

Temperature dependence of the specific heat capacity of

LT obtained from our measurement (orange curve) in comparison
with values from DFT calculations and an estimation based on
the application of the Neumann-Kopp rule.

Fig. 1 shows exemplarily the experimental results for
pure LT along with the results of the DFT calculations
performed by Felix Bernhardt and Simone Sanna at the
University of Giellen. Moreover, an estimation of ¢,(T)
by the Neumann-Kopp additive rule is shown, based on
FactSage [2] data for the simple metal oxides. Taking
into account the simplification of the Neumann-Kopp
rule, the agreement with our results can be considered
satisfactory. The computational results show a similar
trend. In particular, the difference between the par-
aelectric and the ferroelectric phases are consistent
with the experimental observation.




Fig. 2

Temperature dependence of the specific heat capacity for several
LNT solid solution crystals. The numbers in the legend give the
LT mole fraction (in the crystal).

The temperature profile of the specific heat capacity
for a series of solid solution crystals with the measured
(XRF) Ta atomic fractions listed in the legend are shown
in Fig. 2. The maximum of the ferroelectric transition
peak corresponds to the Curie temperature T, and is
plotted as a function of the Ta atomic fraction x4, in the
crystal in Fig. 3. The linear dependence T, = f(xy,) is ob-
vious. For pure LN and very Nb-rich (x4, < 0.1) crystals,
T.is beyond the measuring range. Our results are in ex-
cellent agreement with data reported by other groups.

Our investigations have shown that the phase transi-
tion temperature of LNT solid solution crystals can be
determined by measuring the specific heat capacity of
specimen. The temperature itself is a linear function
of composition by means of [Ta]:[Nb] ratio. Therefore,
thermal analysis can, in turn, be utilized to estimate the
composition of a solid solution crystal. Further details
can be found in [1].

Fig. 3

Dependence of the ferroelectric Curie temperature on

composition of LNT. Comparative data were taken from [3] and [4],
the value of pure LN from [5].
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Beta-gallium oxide (3-Ga,0;) as an ultra-wide bandgap
oxide semiconductor has attracted great interest re-
cently. Due to a wide possible n-type doping range of
10" - 102" cm-3 with an electron mobility of nearly 200
cm2/Vs, a bandgap of about 4.85 eV, and a breakdown
field of ~8 MV/cm, B-Ga,0; is a promising material for
next-generation power electronics. Besides great phys-
ical properties, the possibility of growing large bulk
B-Ga,0, single crystals from the melt, for example at
IKZ by the Czochralski method (Cz), allows the fabrica-
tion of large surface area substrates with high crystal-
line quality, enabling device fabrication at an industrial
level. Ultimately, this could result in cheaper and more
reliable devices compared to other wide bandgap semi-
conductors such as GaN or SiC. Static measurements
on power electronic devices such as Schottky diodes,
MESFETs, and MOSFETs confirm the high potential of
B-Ga,0,. However, reliability measurements such as
multiple-switching stress tests have received less atten-
tion so far. Additionally, components in power electron-
ics are always operated at their thermal limit in order
to achieve maximum switching efficiency. Since gallium
oxide is thermally stable up to 1100-1200 °C, the ther-
mal limit is set by the device periphery. Because the
metal-to-semiconductor interface is the most critical
component in Schottky diodes and MESFETSs, the ther-
mal stability of this interface is of high significance. Even
though the total collapse of the Schottky barrier may
not be expected at moderate device operating tempera-
tures like 650 K, already minor changes at the Schottky
interface can occur, like intermixing of atoms leading to
a change of barrier height or diffusion of atoms from
the contact metal into the charge depletion zone induc-
ing new defect levels in the channel. It has already been
observed that some defect levels within the band gap of
-Ga,0, alter under annealing and reverse bias.

Therefore, a comprehensive study on the thermal stabil-
ity of the most prominent Schottky contact metals (Au,
Ni and Pt) on B-Ga,0; under thermal load of up to 650
K has been performed by IKZ in collaboration with Joel
Varley's group from Lawrence Livermore National Labo-
ratory (LLNL) and Lasse Vines' group from University of
Oslo (UiO).

At IKZ, Schottky barrier height, ideality factor, and net
doping density have been evaluated by current-volt-
age (I-V) and capacitance-voltage (C-V) measurements
before and after a thermal load of 650 K (results sum-
marized in Table 1). Thermodynamic calculations were
performed using “FactSage” to determine the stability
of the interface between the metal and semiconductor,
which helps explaining the experimental results. The re-
sults indicate oxidation of Ni contacts, strong alloying of
Au-Ga at the Au/B-Ga,0; interface, and only slight inter-
mixing of Pt-Ga at the Pt/B-Ga,0, interface, making Pt
the most stable contact.

Ideality factor Schottky barrier height

SBH (eV)
Schottky
contact

Table 1.

Summary of the parameters derived from the RT I-V and
C-V measurements for Au, Pt, and Ni Schottky diodes.
Reprint from [1] under the Creative Commons Attribution
(CC BY) license.

Since intermixing of the atoms from the metal contact
and B-Ga,0; is predicted by the thermodynamic calcu-
lations, we investigated the defect levels of the (100)
B-Ga,0, crystals grown by the Cz method at IKZ using
deep-level transient spectroscopy (DLTS) in a 100 K-650 K
(ramp-up) and 650 K-100 K (ramp-down) temperature
cycle (see Fig. 1 (a)). Several defect levels below the con-
duction band minimum (E.) at Ey, = 0.41 eV, E, = 0.60 eV,
E,=0.77 eV, E; = 0.96 eV, and E, = 1.17 eV were detect-
ed (see Fig. 1 (b)). In the temperature ramp-down DLTS
measurement, the defect level E, disappeared, and the
defect level at E, appeared for all Schottky contacts.

Net doping density
NN, (cm?)



Fig. 1
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(a) DLTS spectra of Au, Pt, and Ni Schottky contacts. The related DLTS parameters are the rate window setting for

the peak maximum e, ..., = 11.4 57, the reverse voltage V, = -4 V, the pulse voltage V, = 0V, and the pulse width t, = 100 yis.

(b) Representative Arrhenius plot of emission rates in the peak maximum of the Au contact for each trap level.

Reprint from [1] under the Creative Commons Attribution (CC BY) license.

Fig. 2

Calculated formation energies under intermediate (average between Ga-rich and O-rich) conditions of the

most favorable configurations of (a) doubly and (b) singly hydrogenated Ga-O divacancies in B-Ga,0,.

The V,,2H-V,, and V., °H-V,, complexes display thermodynamic charge-state transition levels that are close in

Fermi-level position to the measured ionization energy for E, E," and E,, respectively.

(c) Calculated binding energies for the hydrogenated divacancies (same color code as in (a) & (b)).

Reprint from [1] under the Creative Commons Attribution (CC BY) license.

Hybrid-functional calculations have been carried out by
our collaborators from LLNL and UiO to understand the
defect transformation (see Fig. 2).

A consistent model was derived when considering the
Fermi-level position during growth and the quasi-Fer-
mi-level position under bias and temperature in the
Schottky diode. The defect at E.- 1.17 eV is tentatively
assigned to a doubly-hydrogenated divacancy complex
consisting of a gallium vacancy (V;,) and an oxygen va-
cancy (V,) in the arrangement V,,,2H-V,, (assigned to E,).
The transformation of the defect can be explained by a
rearrangement of the divacancy complex accompanied
by the dissociation of one hydrogen atom during the
temperature sweep under bias.

The more stable resulting defect is a singly-hydroge-
nated divacancy complex of different arrangement
Vi"H-V,, well-fitting to the defect level at E.- 0.60 eV.
These studies provide insight into the behavior induced
by these common Schottky contacts and possible evo-
lution associated with the thermal load. More details
can be found in [1].
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B-Ga,0, crystals, with their unique properties such as
wide band gap and high-temperature stability, are at-
tracting attention for use in power electronics and op-
toelectronic devices. Growing large-diameter B-Ga,O;
crystals using the Czochralski (Cz) method presents
challenges. One major obstacle is non-stoichiometric
evaporation, particularly of O,, leading to poor crystal
quality [1]. While introducing O, helps to minimize evap-
oration, it reacts with the expensive Ir crucible, form-
ing IrO, and shortening its lifespan. Previous research
proposed using a dynamic atmosphere of Ar and CO, to
address the oxidation issue [2]. CO, decomposes at high
temperatures, releasing O, to stabilize the Ga,0; melt
and suppress evaporation. However, CO, can have neg-
ative effects on crystal properties, and IrO, formation
remains a concern.

This study explores SO, [3] as a potential alternative
to CO, in the Cz-growth process for B-Ga,0;. SO, offers
a unique advantage by increasing O, concentration at
high temperatures which is crucial for Ga,0, melt stabil-
ity, while reducing O, concentration at lower tempera-
tures helps in minimizing Ir oxidation. We investigated
the optimal SO, concentration for suppressing melt
evaporation and maintaining ideal stoichiometry using
a combined approach of thermodynamic calculations
and CFD coupled chemical modeling.

Thermodynamic equilibrium calculations were per-
formed using Factsage software to determine the effect
of SO, and CO, concentrations on the Ga,O5-Ir system in
a temperature regime from room to melting point tem-
perature. These calculations included gas-phase and
solid-state equilibria and species interactions. Addition-
ally, CFD modeling was utilized using CGsim software to
simulate the influence of various SO, and CO, concen-
trations on melt stoichiometry and O, distribution with-
in the furnace for different hot zone designs. The CFD
model incorporated heat transfer, fluid flow, and spe-
cies transport. By simulating the growth environment,
the model allowed to predict temperature distribution,
flow field, and O, distribution across the melt surface.

This study also includes the impact of the melt's free
surface area on the required SO, and CO, concentra-
tions for different crucible sizes used for growing 2-inch
and 4-inch diameter crystals. A parameter called Stoich
isintroduced to measure the melt’s deviation from ideal
stoichiometry, determining the amount of SO, gas need-
ed to achieve the desired Ga,0; melt composition.

Fig. 1

The temperature distribution in the crystallization zone of the
furnace. Reprint from [3] under the Creative Commons Attribution
(CC BY) license.

We performed axisymmetric, steady-state simulations
to analyze the temperature and flow field in the hot zone
Fig. 1. Three different crucible-crystal diameter combi-
nations were considered. The model treats the melt and
gas as incompressible fluid, we used the one equation
turbulence model for computing the flow of both gas
and melt. The Boussinesq approximation is used to ac-
count for buoyancy effects. The furnace is heated by an
inductive heater with a frequency of 30 kHz and the ro-
tation rate of the crystal and the pulling rate was 5rpm
and 1.5 mm/h, respectively. The pressure of the carrier
gas Argon was 2 atm. The Rosseland model was used to
tackle the semitransparency of the Ga,0, crystal.



Fig. 2
O, activity resulting from the decomposition of SO,

Fig. 3

and CO, as a function of temperature. Reprint from [3]
under the Creative Commons Attribution (CC BY) license.

The chemical model treats the Ga,0; melt as a solution
of gallium Ga3* and oxygen O2 ions. Species like atomic
O and Ga,O form at the melt surface and then are car-
ried away by convection and diffusion. Boundary condi-
tions are implemented at both the gas/melt and crystal/
melt interfaces. At the gas/melt interface, the diffusion
fluxes of atomic O and Ga,O are equal to their respec-
tive non-stoichiometric evaporation rates. On the melt
side, the mass fractions of Ga3* and O2  ions are adjust-
ed to reflect the deviation of gaseous O, and Ga,O from
stoichiometry. At the crystal/melt interface, Ga3* and
0% jons incorporate into the crystal at the same ratio
as their mass fractions in the melt, maintaining zero net
movement of ions.

Figure 2. depicts the O, activity from SO, and CO, de-
composition at various temperatures. SO, decomposi-
tion yields a significantly lower p(O,) compared to CO, in
the critical temperature regime for Ir oxidation. Howev-
er, SO, can still act as an O, source at the Ga,0; melting
point 1820°C.

The study [3] revealed that introducing SO, into the
growth atmosphere effectively suppressed the evap-
oration of the Ga,0; melt and significantly reduced Ir
crucible oxidation compared to CO,. Figure 3. shows
that the optimal SO, concentration for achieving a stoi-
chiometry condition is around 40%, while CO, achieves
stoichiometry at a lower concentration of 9%. The study
finds that cases with large diameter crucibles there-
fore having larger free melt surfaces reduce the re-
quirement lower SO, and CO, concentrations to attain
stoichiometry compared to crucibles with smaller free
melt surfaces. This is attributed to the larger melt free
surface facilitating improved O, exchange throughout
the melt, thereby preventing localized O, accumulation
near the crucible and promoting a more uniform distri-
bution of O,. These findings suggest that crucible design
and growth parameters can be optimized to achieve the
desired process conditions.
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The impact of SO, and CO, concentrations on the averaged Stoich parameter
for both 2-inch and 4-inch crystals.
Reprint from [3] under the Creative Commons Attribution (CC BY) license.

The average O, concentration in the furnace atmo-
sphereindicates Ir crucible corrosion. Calculations show
that an SO, atmosphere reduces the average O, concen-
tration by 30% compared to a CO, atmosphere, helping
to protect the crucible. Additionally, using a large di-
ameter crucible with either SO, or CO, further reduces
the O, concentration around the crucible by up to 20%.
These findings provide a base for large-scale high-qual-
ity B-Ga,0, crystal growth using the Cz method, but
further research is needed to address other challenges
like e.g. the formation of elemental Ga on the melt that
might lead to an eutectic with the Ir crucible [4].

More details of this work can be found in [3].
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Polar discontinuities at oxide interfaces provide unique
opportunities to manipulate charge states and generate
two-dimensional electron gases (2DEGSs). In ABO,-type
perovskites, the (001) surface is typically the most en-
ergetically stable, often terminating with either AO or
BO, layers. These surface terminations can exhibit dif-
ferent polarities depending on the crystallographic ori-
entation. For example, in perovskites with orthorhom-
bic symmetry (Pbnm space group), a polar nature may
be observed along the [001] direction, while cubic per-
ovskites often remain nonpolar due to their symmetry.
A well-known example is the LaAlO,/SrTiO; interface,
where a 2DEG forms due to charge transfer between
polar and nonpolar layers. At this interface, the po-
lar LaO* layer donates electrons to the TiO,° layer in
SrTiO,C. If SrTiO, is terminated with SrO¢, the AIO,™ lay-
ers in LaAlO; can create a two-dimensional hole gas.
Precise atomic-level control over surface properties is
crucial in these systems, as the polarity of the surface
terminations directly affects the electronic behavior of
the heterostructure.

In a study that has been performed with several part-
ners within the Science Campus GraFOx we explored
the relationship between polar discontinuity compen-
sation and surface segregation. Our focus has been on
the heterostructures formed by the wide-bandgap cu-
bic semiconductor BaSnO; and orthorhombic LalnO;.
Given the increasing interest in two-dimensional elec-
tron gases for applications in novel electronic devices,
BaSnO, is distinguished from other perovskites by its
exceptional electron mobility at room temperature of
300 cm?V's .

To investigate the interfaces between BaSnO, and
LalnO;, we employed a range of techniques, including
scanning transmission electron microscopy (STEM),
electron energy loss spectroscopy (EELS), X-ray pho-
toelectron spectroscopy (XPS), and density functional
theory (DFT) calculations. Our research covered both
bulk BaSnO5;samples grown at IKZ and heterostructures
of LalnO,;/BaSn0, deposited on DyScO; and SrTiO, sub-
strates, using molecular beam epitaxy (by our partners
at PDI) and pulsed laser deposition methods (at IKZ).

Our transmission electron microscopy (TEM) experi-
ments on pristine BaSnO, bulk crystal surfaces (Fig. 1),
are consistent with density functional theory (DFT) cal-
culations, showing that BaO is the predominant surface
termination for BaSnO; across a broad range of chemi-
cal potentials.

At the interface between BaSnO; and LalnO,, however,
we observed an SnO, termination using atomic resolu-
tion electron energy loss spectroscopy (EELS) and en-
ergy-dispersive X-ray spectroscopy (EDX) (Fig. 2). These
microscopic findings are consistent with electrical mea-
surements indicating the presence of a two-dimensional
electron gas (2DEG) at the interface. Furthermore, X-ray
photoelectron spectroscopy (XPS) revealed that when
nonpolar BaO-terminated surfaces are overgrown with
polar LalnO;, an SnO, termination forms at the inter-
face, while BaO accumulates on the surface of LalnO..
This change in interfacial termination can be attributed
to the segregation of barium toward the growth surface.
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Fig. 1

HRTEM image of the BaSnO, (001) surface along [110] projection (a)
and [100] projection (b). The right panels in (a) and (b) represent
magnified sections of (001) surfaces along with white frame insets
of HRTEM simulations and overlaid atomic models.

White arrows indicate the one-unit-cell-high atomic steps on the
surface of BaSnO.,.

Fig. 2

Atomic resolution EDX map of
the LalnO,/BaSnO; interface.
The interface is Sn terminated.
In the HAADF image the inter-
face between LalnO,/BaSn0O,
is not visible due to the low
atomic number contrast.

DFT calculations confirm that this configuration is most References
energetically favorable. The calculations further sug-
gest that the compensating of the polar discontinuity [1] M. Zupancic, W. Aggoune, A. Gloter, G. Hoffmann,

between the polar LalnO; and nonpolar BaSnO; plays F.-P. Schmidt, Z. Galazka, D Pfutzenreuter,
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of BaSn0O,, accompanied by polar and non-polar distor- https://doi.org/10.1103/PhysRevMaterials.8.034602

tions at the interface. Notably, our results highlight the
effectiveness of the n-type SnO, interface in mitigating
this discontinuity.

While in classical semiconductors surface energy, solu-
bility, and strain are the prominent factors well-known
to influence segregation, in perovskites also polar-non-
polar discontinuities play an important role. This factor
can ultimately determine the interface termination.
Understanding the complex interplay of these forc-
es at perovskite interfaces is crucial for designing ad-
vanced electronic devices that exploit two-dimension-
al electron gases (2DEGs). Mastery of these interface
properties is key to unlocking the full potential of per-
ovskite-based heterostructures for innovative techno-
logical applications.
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Efficient diameter enlargement
of bulk AIN single crystals with
high structural quality
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The ultra-wide band gap semiconductor AIN, as well as
the ternary AlGaN alloy, have a number of attributes
that make this material system promising for electronic
and optoelectronic devices [1,2]. Leveraging their ex-
tremely wide bandgap, Al(Ga)N enables the production
of LEDs emitting deep into the far ultraviolet C (UVC)
spectrum. The primary applications for such devices,
covering the wavelength range from 220 nm to 280 nm,
include disinfecting of water and surface sterilization. In
addition to their potential in deep-UV photonics, devic-
es based on AIN present compelling prospects for the
advancement of next generation high-frequency power
conversion. Notably, AIN-based high-power transistors
have the potential to outperform those made from the
two most common wide bandgap semiconductors, SiC
and GaN.

To fully exploit the potential of the Al(Ga)N system,
high-quality native AIN substrates with industrially rel-
evant diameters are required. Offering a promising way
forward is the growth of bulk AIN crystals by Physical
Vapor Transport (PVT). In recent years, this approach
to the growth of AIN with a high degree of crystallin-
ity has advanced significantly, laying the foundation
for substantial improvements in device performance.
But typically, diameter expansion during PVT growth is
very limited, necessitating many crystal generations to
achieve efficiently usable diameters > 2 inches.
Recently, our team has introduced an approach that
overcomes this restriction [3]. We have developed a
seed holder design that places the seed on a TaC pedes-
tal (Fig. 1). With this arrangement, crystals grow freely
without contact to parasitic grains. This design allows
high radial thermal gradients - the driving force for
diameter expansion.

< TaC seed holder pedestal
L—  —— rhombohedral grown (r domain)
]

? native AIN seed

v N-polar grown (-c domain)

<&——— prismatic grown (m domain)

Fig. 1
Simplified sketch of the seed holder design: TaC pedestal and
fully faceted grown crystal with an expansion angle of 45°

This novel configuration has led to significantly in-
creased lateral growth rates. At a seed temperature of
2230 °C, growth rates reach approximately 200 pm/h in
both the N-polar and prismatic m directions, resulting
in huge expansion angles of around 45° along the entire
crystal length. The full diameter spans the entire crystal
length, ensuring uniform (final crystal) diameter for all
cut c-plane wafers.

Starting point are nearly perfect 8 mm c plane seeds
(threading dislocation density TDD < 5 x 102 cm™) cut
from spontaneous nucleated AIN crystals. With just
three subsequent seeded growth runs, we magnified
dimensions, producing AIN crystals with diameters of
more than 30 mm, which are very suitable for preparing
1-inch substrates (Fig. 2).

Fig. 2
Three AIN crystals of subsequent crystal generations
(3/4 inch, 1 inch, and 1.5 inch in diameter)

The rise in diameter and accessibility must be accom-
panied by the preservation of high material quality. To
identify the lateral dislocation distribution on wafers
with very low dislocation densities, one can turn to X-ray
topography or defect-selective etching.

We have investigated an m-plane sample cut from a
seeded crystal with 20 mm in diameter using white-
beam X-ray topography (Fig. 3). The 1122 reflection,
which is sensitive to all possible types of dislocations (a,
¢, and a+c type) reveal that the entire -c grown domain
of this sample is dislocation free. The only dislocations
that exist are in the m domain near the -c/m boundary
and in the r domain. We find that dislocations start at
the seed rim and stay in the m area without crossing
the -c/m domain boundary. We have also observed ad-
ditional contrast features at several domain boundaries
and within the m domain, caused by strain that stems
from different impurity concentrations.




Fig. 3

(a) A sketch with a highlighted area of an m-plane sample prepared
from a seeded crystal with diameter of 20 mm;

(b) Transmission photograph of a 1 mm-thick cross-section

m plane sample. The several growth domains (-c, m, and r) are
distinguishable by the different colors.

(c) White-Beam X-Ray Topography (WB-XRT) stitched images
(112 2 reflection) of the cross-section sample. No dislocations are
visible in the -c grown domain (1). Dislocations (TDD < 5x10cm)
exist only in the m domain near the -c/m boundary (2),

in the upper part of the m domain (3) and in the r domain (4).
The lower half of the sample is dislocation free.

Strain contrasts are visible at the domain boundaries (5,6,7) and
within the m-domain (8).

The WB-XRT image was recorded by Merve Pinar Kabukcuoglu,
Elias Hamann, and Daniel Hinschke from the Institute for
Photon Science and Synchrotron Radiation, Karlsruhe Institute
of Technology. We thank the Institute for Beam Physics and
Technology for the operation of the storage ring, the Karlsruhe
Research Accelerator.

To uncover the lateral defect distribution over the en-
tire diameter, we characterized a wafer with 34 mm in
diameter by defect-selective etching (Fig. 4). The me-
dium etch-pit density is 5 x 10* cm inside the 25 mm
target diameter. Outside the 25 mm diameter a linear
arrangement of dislocations is observed at the domain
boundary between the -c and m grown domains. The
origin of the associated etch pits can be traced back to
dislocations formed at the seed rim, which continued
along the -c/m boundary in the m domain.

IKZ Annual Report 2023 63

Application Science

Fig. 4

a)+b)

Defect selective etched AIN wafer with a diameter of 34 mm an
average etch-pitch density of 5 x 10° cm? inside the 25 mm target
diameter. The -¢/m domain boundary with an increased etch-pit
density is outside of the 25 mm target diameter (green square);

¢) 25 mm epi-ready AIN substrate.

The process discussed above is well suited for achieving
25 mm substrates with EPD = TDD < 10% cm™ within only
two or three subsequent crystal growth runs starting
from high quality spontaneously nucleated seed crys-
tals. This technology could provide a shortcut to the
development of commercial substrates with diameters
of 2 inch and 100 mm with TDD < 104 cm™by selecting
seed wafer close to the top of the crystal without —c¢/m
boundary.
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Ultrafast mid-infrared lasers
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Anna Suzuki'?3, Sascha Kalusniak®', Hiroki Tanaka', Mario Britzam®, Steffen Ganschow?,
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Mixed sesquioxides are attractive host materials for
lasers. They combine good thermal conductivity with
a disordered lattice, which features broad spectra [1]
demanded for ultrafast lasers with high average power.
We recently demonstrated the Czochralski growth of
the mixed sesquioxide crystal YScO,. The parent com-
pounds yttria and scandia have melting points in excess
of 2450 °C, which is above the melting point of iridium
crucibles. In contrast, YScO; melts at ~2150 °C enabling
the Czochralski growth from iridium crucibles, the ap-
proach commonly applied for other laser materials such
as YAG [2].

Tm?3*-doped crystals are attractive gain materials for ef-
ficient lasers in the 2 ym spectral rage. Tm3* ions exhibit
strong absorption at wavelengths around 790 nm suit-
able for high-power diode pumping. At high doping con-
centrations, a cross-relaxation process efficiently pop-
ulates the upper laser level 3F,. In this way, one pump
photon creates two Tm3* ions in the upper laser level.
This so-called “two-for-one” pumping scheme enables
high slope efficiencies of up to 80% [3].

In this work, Tm3*-doped YScO, crystals were grown
by the Czochralski method from an iridium crucible.
Fig. 1 shows photos of two as-grown boules with differ-
ent Tm**-doping levels.

Fig. 1.
Photos of (a) Tm3*(2.2 at.%):YScO, and (b) Tm3*: (3.1 at.%): YScO,.

The boule shown in Fig. 1 (a) has a length of 55 mm and
a diameter of >15 mm, while the boule in Fig. 1 (b) has
a length of 48 mm and a diameter of ~18 mm. The first
crystal was grown in a static argon atmosphere and ex-
hibits a brownish coloration, which could be removed by
annealing in a mixture of 5% H, and 95% N, at 1500 °C.
The second crystal was thus grown under a flow of argon
to flush residual oxygen responsible for the coloration.
This crystal is clear, the greenish color is caused by the
Tm?3*-doping ions.

Fig. 2
(a) Absorption and emission cross sections of Tm3*:YScO,.
(b) Gain cross sections at different inversion levels.

Fig. 2 (a) shows the absorption and emission cross
sections of Tm3:YScO;. The main emission peaks are
found at 1949 nm and 2099 nm with FWHM bandwidths
of ~100 nm. Fig. 2 (b) shows the calculated gain cross
sections for different inversion levels. The spectra
are broad and flat, and support laser operation in the
water vapor absorption free range beyond 2000 nm up
to more than 2100 nm, and is among the longest peak
wavelengths found for Tm**-doped gain materials.



Fig. 3

Laser characteristics (a) and laser spectra (b) for different output
coupler transmissions using the Tm3*(3.1 at.%):YScO; crystal.

The legend is valid for both figures.

Fig. 3 shows the laser characteristics and spectra
obtained using a 4-mm thick Tm3*(3.1 at.%):YScO,
sample which yielded the best laser results under
790-nm-pumping. The highest slope efficiency of 51%
and the maximum output power of 422 mW were ob-
tained using an output coupling mirror with 4.0% trans-
mission for the laser wavelength around 2100 nm.
These efficiencies are higher than those of Tm3*-doped
mixed sesquioxide ceramic lasers [1].

In collaboration with the research group of Masaki
Tokurakawa at the University of Electro-Communica-
tions in Tokyo, Japan, we performed further experiments
utilizing the large emission bandwidth of Tm3YScO, for
the generation of ultrashort pulses by Kerr lens mode-
locking. We utilized the same gain crystal, but here the
crystal was directly pumped into the upper laser level at
awavelength of 1.6 um enabling similar slope efficiencies
compared to 796-nm-pumping in continuous wave laser
operation.

For the Kerr lens mode-locking experiments, the crys-
tal was placed at Brewster's angle in the focus between
two concave cavity mirrors to achieve the intensities
required to start mode-locking by the ultrafast lensing
introduced by the Kerr effect.

The optical spectrum and the autocorrelation trace of
the shortest pulses are shown in Fig. 4. The pulses were
as short as 49 fs corresponding to only 7 optical cycles
of 2 ym radiation. At a pulse repetition rate of 96.7 MHz
the average output power amounted to 126 mW at a
center wavelength of 2128 nm.
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Fig. 4.

(a) Optical spectrum and (b) autocorrelation trace of the shortest
pulses obtained with Tm3*(3.1 at.%):YScO,. The peak structures
around 2300 nm and 2000 nm are caused by Kelly sidebands
owing to the high intracavity peak intensity.

These pulses are the shortest of any mode-locked
Tm3*-doped mixed sesquioxide laser at ~2.1 pm.
This was enabled by the broad and flat gain profile
of Tm3":YScO3. Based on these laser results, further
power scalability of ultrafast Tm3":YScO, lasers can be
expected.

This work is supported by the DFG in the framework of
the project “Mixed Sesquioxides for Solid-State Lasers
(MISS-S) under the project no. 523111523

Further details on this work can be found in the
following journal articles:

A. Suzuki, S. Kalusniak, S. Ganschow, C. Krdnkel, and
M. Tokurakawa,

“Kerr-lens mode-locked 49-fs Tm3":YScO, single-crystal
laser at 2.1 um”, Opt. Lett. 48 (16), 4221-4224 (2023),
https://doi.org/10.1364/0L.497847

A. Suzuki, S. Kalusniak, H. Tanaka, M. Briitzam,
S. Ganschow, M. Tokurakawa, and C. Krdnkel,
“Spectroscopy and 2.1 ym laser operation of
Czochralski-grown Tm3+:YScO, crystals”,

Opt. Express 30 (23), 42762-42771 (2022),
https://doi.org/10.1364/0E. 475711
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T. O. A. Fattah, J. Jacobs, V. P. Markevich,

N. V. Abrosimoy, |. D. Hawkins, M. P. Halsall, I. F. Crowe
and A. R. Peaker;

Determination of Gallium Concentration in Silicon from
Low-Temperature Photoluminescence Analysis;

Solar Rrl 8 (4), (2024);
https://doi.org/10.1002/s0lr.202300956

T. O. A. Fattah, V. P. Markevich, D. Gomes,

J. Coutinho, N. V. Abrosimov, |. D. Hawkins, M. P. Halsall
and A. R. Peaker;

Interactions of hydrogen atoms with boron and gallium in
silicon crystals co-doped with phosphorus and acceptors;
Solar Energy Materials and Solar Cells 259 (2023);
https://doi.org/10.1016/j.solmat.2023.112447

F. Flatscher, J. Todt, M. Burghammer, H. S. Soreide,

L. Porz, V.]. Li, S. Wenner, V. Bobal, S. Ganschow,

B. Sartory, R. Brunner, C. Hatzoglou, J. Keckes and

D. Rettenwander;

Deflecting Dendrites by Introducing Compressive Stress in
Li,LasZr,0,, Using lon Implantation;, Small 20 (12), (2024);
https://doi.org/10.1002/smll.202307515

V.]. Fratello, L. A. Boatner, H. A. Dabkowska,

A. Dabkowski, T. Siegrist, K. Y. Wei, C. Guguschey,

D. Klimm, M. Britzam, D. G. Schlom and

S. Subramanian;

Solid solution perovskite substrate materials with
indifferent points; Journal of Crystal Growth 634 (2024);
https://doi.org/10.1016/j.jcrysgro.2024.127606

P. Gaczynski, Y. Suhak, S. Ganschow, S. Sanna, H. Fritze
and K. D. Becker;

A High-Temperature Optical Spectroscopy Study of the
Fundamental Absorption Edge in the LiNbO;-LiTaO; Solid
Solution; Physica Status Solidi a-Applications and
Materials Science (2024);
https://doi.org/10.1002/pssa.202300972
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A. Kwasniewski, P. Seyidov, M. Pietsch, A. Dittmar,

S. B. Anooz, K. Irmscher, M. Suendermann, D. Klimm,
T.S. Chou, J. Rehm, T. Schroeder and M. Bickermann;
Bulk single crystals and physical properties of B-(Al,.
Ga,,),0; (x=0-0.35) grown by the Czochralski method;
Journal of Applied Physics 133 (3), (2023);
https://doi.org/10.1063/5.0131285

Y. R. Ge, K. Lunser, F. Ganss, P. Gaal, L. Fink and

S. Fahler;

Growth and martensitic transformation of ferromagnetic
Co-Cr-Ga-Si epitaxial films; Science and Technology of
Advanced Materials 24 (1), (2023);
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W. Gilbert, T. Tanttu, W. H. Lim, M. K. Feng, J. Huang,
J. D. Cifuentes, S. Serrano, P. Mai, R. C. C. Leon,

C. C. Escott, K. M. Itoh, N. V. Abrosimov, H. J. Pohl,
M. L. W. Thewalt, F. E. Hudson, A. Morello, A. Laucht,
C. H.Yang, A. Saraiva and A. S. Dzurak;

On-demand electrical control of spin qubits;

Nature Nanotechnology 18 (2), (2023) 131-+;
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T. B. Gill, S. Pavloy, C. S. Kidd, P. Dean, A. D. Burnett,

A. Dunn, L. H. Li, N. V. Abrosimov, H. W. Hibers,

E. H. Linfield, A. G. Davies and J. R. Freeman;

2D Time-Domain Spectroscopy for Determination of
Energy and Momentum Relaxation Rates of Hydrogen-Like
Donor States in Germanium; Acs Photonics 11 (4), (2024)
1447-1455;
https://doi.org/10.1021/acsphotonics.3c01522

K. P. Gradwohl, A. Gybin, C. Guguschev, A. Kwasniewski,
M. Pietsch, U. Juda, C. Richter and R. R. Sumathi;

Single crystalline high-purity germanium bars grown by
the zone-refining technique; Journal of Crystal Growth

632 (2024);
https://doi.org/10.1016/j.jcrysgro.2024.127645

F. Hanke, U. Bottger, A. Pohl, K. Irmscher and

S. G. Pavlov;

Comparative Raman spectroscopy of astrobiology
relevant bio-samples and planetary surface analogs
under UV-VIS-IR excitation; Journal of Raman
Spectroscopy 55 (1), (2024) 26-42;
https://doi.org/10.1002/jrs.6603

C. Hartmann, M. P. Kabukcuoglu, C. Richter, A. Klump,
D. Schulz, U. Juda, M. Bickermann, D. Hanschke,

T. Schréder and T. Straubinger;

Efficient diameter enlargement of bulk AIN single
crystals with high structural quality; Applied Physics
Express 16 (7), (2023);
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F. V. E. Hensling, D. Dahliah, M. A. Smeaton,
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F. Herklotz, E. Lavrov, V. V. Melnikov, Z. Galazka and
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S.J. Herr, H. Tanaka, I. Breunig, M. Bickermann and
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Fanout periodic poling of BaMgF, crystals;
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J. Y. Huang, R. Y. Su, W. H. Lim, M. K. Feng,
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A. Morello, A. Saraiva, A. Laucht, A. S. Dzurak and
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High-fidelity spin qubit operation and algorithmic
initialization above 1 K; Nature 627 (8005), (2024);
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S. Hurskyy, U. Yakhnevych, C. Kofahl, E. Tichy-Racs,
H. Schmidt, S. Ganschow, H. Fritze and Y. Suhak;
Electrical properties and temperature stability of
Li-deficient and near stoichiometric Li(Nb,Ta)O, solid
solutions up to 900 °C; Solid State lonics 399 (2023);
https://doi.org/10.1016/j.5si.2023.116285

N. Jaber, J. Feldl, J. Stoever, K. Irmscher, M. Albrecht,

M. Ramsteiner and J. Schwarzkopf;

Thermally activated increase of the average grain size as
the origin of resistivity enhancement in NbO, films grown
by pulsed-laser deposition; Physical Review Materials 7 (1),
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J.Junquera, Y. Nahas, S. Prokhorenko, L. Bellaiche,
J. Ifiiguez, D. G. Schlom, L. Q. Chen, S. Salahuddin,
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Topological phases in polar oxide nanostructures;
Reviews of Modern Physics 95 (2), (2023);
https://doi.org/10.1103/RevModPhys.95.025001
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N. Kafi, S. D. Kang, C. Golz, A. Rodrigues-Weisensee,

L. Persichetti, D. Ryzhak, G. Capellini, D. Spirito,

M. Schmidbauer, A. Kwasniewski, C. Netzel, O. Skibitzki
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Selective Growth of GaP Crystals on CMOS-Compatible Si
Nanotip Wafers by Gas Source Molecular Beam Epitaxy;
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V. M. Kaganer, O. V. Konovalov, G. Calabrese,

D. van Treeck, A. Kwasniewski, C. Richter,

S. Fernandez-Garrido and O. Brandt;

X-ray scattering study of GaN nanowires grown on Ti/Al,O,
by molecular beam epitaxy; Journal of Applied Crystallog-
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E. A. Kalinina, D. V. Guseinov, A. V. Soukhorukov,

A. A. Ezhevskii, D. G. Zverey, F. F. Murzakhanov and N.
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Electron Spin Resonance of Lithium Related Donor Centers
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Applied Magnetic Resonance (2024);
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S. Kalusniak, A. Uvarova, I. Arlt, L. Hulshoff, P. Eckhof,
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H. Tanaka and C. Krankel;

Growth, characterization, and efficient laser operation
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[. M. Martinez, M. Schmidbauer, C. Richter,

A. Kwasniewski, J. Serrano, J. Jimenez, C. Golz,

M. A. Schubert, J. W. Tomm, G. Niu and F. Hatami;
Monolithic integration of InP nanowires with CMOS
fabricated silicon nanotips wafer;

Physical Review Materials 7 (10), (2023);
https://doi.org/10.1103/PhysRevMaterials.7.103801

F. Kamutzki, S. Schneider, J. T. Mlller, . Barowski,

D. Klimm, A. Gurlo and D. A. H. Hanaor;
Low-Temperature Sintering of Low-Loss Millimeter-Wave
Dielectric Ceramics Based on Li-Kosmochlor, LiCrSi,O
Physica Status Solidi a-Applications and Materials Science
220 (7), (2023);
https://doi.org/10.1002/pssa.202200685

C. Kofahl, L. Dérrer, B. Muscutt, S. Sanna, S. Hurskyy,
U. Yakhnevych, Y. Suhak, H. Fritze, S. Ganschow and

H. Schmidt;

Li self-diffusion and ion conductivity in congruent LiNbO,
and LiTaO, single crystals; Physical Review Materials 7 (3),
(2023);
https://doi.org/10.1103/PhysRevMaterials.7.033403

C. Kofahl, L. Dorrer, H. Wulfmeier, H. Fritze,

S. Ganschow and H. Schmidt;

Hydrogen Diffusion in Li(Nb,Ta)O,Single Crystals Probed
by Infrared Spectroscopy and Secondary lon Mass Spec-
trometry; Chemistry of Materials 36 (3), (2024) 1639-1647;
https://doi.org/10.1021/acs.chemmater.3c02984

C. Kofahl, S. Ganschow, F. Bernhardt, F. El Azzouzi,

S. Sanna, H. Fritze and H. Schmidt;

Li-diffusion in lithium niobate - tantalate solid solutions;
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C. Kofahl, J. Uhlendorf, B. A. Muscutt, M. N. Pionteck,
S. Sanna, H. Fritze, S. Ganschow and H. Schmidt;
Oxygen Diffusion in Li(Nb,Ta)O, Single Crystals; Physica
Status Solidi a-Applications and Materials Science (2024);
https://doi.org/10.1002/pssa.202300959

D. Kojda, I. Sigusch, B. Klemke, S. Gerischer, K. Kiefer,

K. Fritsch, C. Guguschev and K. Habicht;

Advancing the precision of thermal Hall measurements for
novel materials research; Materials & Design 237 (2024);
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B. Koppitz, S. Ganschow, M. Rising and L. M. Eng;
Ferroelectric Hysteresis Measurement in the Lithium
Niobate-Lithium Tantalate Single-Crystalline Family:
Prospects for Lithium Niobate-Tantalate; Physica Status
Solidi a-Applications and Materials Science (2024);
https://doi.org/10.1002/pssa.202300967

N. Li, H.]. Lee, D. S. Gyan, Y. Ahn, E. C. Landahl,

J. Carnis, J. Y. Lee, T. Y. Kim, S. Unithrattil, J. Y. Jo,

S. H. Chun, S. Kim, S. Y. Park, I. Eom, C. Adamo,
S.J.Li, ). Z. Kaaret, D. G. Schlom, H. D. Wen,

N. A. Benedek and P. G. Evans;

Ultrafast Optically Induced Perturbation of Oxygen
Octahedral Rotations in Multiferroic BiFeO;Thin Films;
Nano Letters (2024);
https://doi.org/10.1021/acs.nanolett.4c01519

Y.Y. Liang, T. Li, B. T. Zhang, J. L. He, S. Kalusniak,
X.Zhao and C. Krankel;

14.1 W continuous-wave dual-end diode-pumped Er:Lu,0,
laser at 2.85um; Chinese Optics Letters 22 (1), (2024);
https://doi.org/10.3788/c0l202422.011403

F.R. Lin, Z. H. Cao, F. P. Xiao, J. W. Liu, J. B. Qiao,

M. M. Xue, Z. L. Hu, Y. Liu, H. Lu, Z. H. Zhang, J. Martin,
Q.]J. Tong, W. L. Guo and Y. P. Liu;

Graphene binding on black phosphorus enables high on/
off ratios and mobility; National Science Review 11 (2),
(2024);

https://doi.org/10.1093/nsr/nwad279
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F.R.Lin, J. W. Liu, H. Lu, X. Liu, Y. Liu, Z. L. Hu, P. Lyu,
Z.H. Zhang, J. Martin, W. L. Guo and Y. P. Liu;
Evolution of Graphene Dirac Fermions in Electric
Double-Layer Transistors with a Soft Barrier;
Advanced Functional Materials (2024);
https://doi.org/10.1002/adfm.202400553

Y. J. Liu, K. P. Gradwohl, C. H. Lu, K. Dadzis,

Y. Yamamoto, L. Becker, P. Storck, T. Remmele,

T. Boeck, C. Richter and M. Albrecht;

Strain relaxation from annealing of SiGe heterostructures
for qubits; Journal of Applied Physics 134 (3), (2023);
https://doi.org/10.1063/5.0155448

Y. ]J. Liu, K. P. Gradwohl, C. H. Lu, Y. Yamamoto,

T. Remmele, C. Corley-Wiciak, T. Teubner, C. Richter,
M. Albrecht and T. Boeck;

Growth of <SUP>28</SUP>Si Quantum Well Layers for
Qubits by a Hybrid MBE/CVD Technique; Ecs Journal of
Solid State Science and Technology 12 (2), (2023);
https://doi.org/10.1149/2162-8777/acb734

H. Lv, A. da Silva, A. |. Figueroa, C. Guillemard,

I. F. Aguirre, L. Camosi, L. Aballe, M. Valvidares,

S. O. Valenzuela, J. Schubert, M. Schmidbauer,

J. Herfort, M. Hanke, A. Trampert, R. Engel-Herbert,

M. Ramsteiner and J. M. J. Lopes;

Large-Area Synthesis of Ferromagnetic Fe, GeTe,/
Graphene van der Waals Heterostructures with Curie Tem-
perature above Room Temperature; Small 19 (39), (2023);
https://doi.org/10.1002/smll.202302387

J.J. Mao, P. Hu, X. Zhou, B. T. Zhang, T. Li, T. L. Feng,
J. L. He, C. Krankel, M. Guina and K. J. Yang;
Femtosecond Tm:Lu,0,Lasers Operating in the Spectral
Region Below 2 um; leee Journal of Selected Topics in
Quantum Electronics 30 (3), (2024);
https://doi.org/10.1109/jstqe.2023.3336660

L. W. Martin, J. P. Maria and D. G. Schlom;
Lifting the fog in ferroelectric thin-film synthesis;
Nature Materials (2024);
https://doi.org/10.1038/s41563-023-01732-9

P. Mazzolini, C. Wouters, M. Albrecht, A. Falkenstein,

M. Martin, P. Vogt and O. Bierwagen;

Molecular Beam Epitaxy of B-(In,Ga,,),0;0n 3-Ga,0, (010):
Compositional Control, Layer Quality, Anisotropic Strain
Relaxation, and Prospects for Two-Dimensional Electron
Gas Confinement; Acs Applied Materials & Interfaces 16
(10), (2024) 12793-12804;
https://doi.org/10.1021/acsami.3c19095

J. P. McCandless, C. A. Gorsak, V. Protasenko,

D. G. Schlom, M. O. Thompson, H. G. Xing, D. Jena and
H. P. Nair; Accumulation and removal of Si impurities on
B-Ga,0;arising from ambient air exposure; Applied Phys-
ics Letters 124 (11), (2024);
https://doi.org/10.1063/5.0191280
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M. Meissner, N. Bernhardt, F. Nippert, B. M. Janzen,

Z. Galazka and M. R. Wagner;

Anisotropy of optical transitions in 3-Ga,0;investigated
by polarized photoluminescence excitation spectroscopy;
Applied Physics Letters 124 (15), (2024);
https://doi.org/10.1063/5.0189751

S. Michler, S. Thapa, S. Besendurfer, M. Albrecht,

R. Weingaertner and E. Meissner;

Utilizing Island Growth in Superlattice Buffers for the
Realization of Thick GaN-on-Si(111) PIN-Structures

for Power Electronics; Physica Status Solidi B-Basic Solid
State Physics (2024);
https://doi.org/10.1002/pssb.202400019

W. Miller, A. Sabanskis, A. Gybin, K. P. Gradwohl,

A. Wintzer, K. Dadzis, J. Virbulis and R. Sumathi;

A Coupled Approach to Compute the Dislocation Density
Development during Czochralski Growth and Its Appli-
cation to the Growth of High-Purity Germanium (HPGe);
Crystals 13 (10), (2023);
https://doi.org/10.3390/cryst13101440

W. Miller, T. Schulz, L. Lymperakis, A. Klump and

M. Albrecht;

Kinetic Monte Carlo simulations for AIN and AlGaN epitaxi-
al growth on AIN; Journal of Crystal Growth 607 (2023);
https://doi.org/10.1016/j.jcrysgro.2023.127125

N. Z. Morales, D. S. Ruehl, S. Sadofey, G. Ligorio,

E. List-Kratochvil, G. Kewes and S. Blumstengel;
Strong coupling of monolayer WS, excitons and surface
plasmon polaritons in a planar Ag/WS, hybrid structure;
Physical Review B 108 (16), (2023);
https://doi.org/10.1103/PhysRevB.108.165426

M. Nentwich, M. Zschornak, T. Weigel, T. Kéhler,
D. Novikov, D. C. Meyer and C. Richter;
Treatment of multiple-beam X-ray diffraction in
energy-dependent measurements; Journal of
Synchrotron Radiation 31 (2024) 28-34;
https://doi.org/10.1107/s1600577523009670

P. Ngabonziza, J. Park, W. Sigle, P. A. van Aken,

J. Mannhart and D. G. Schlom;

Employing high-temperature-grown SrZrO, buffer to
enhance the electron mobility in La:BaSnOs-based het-
erostructures; Applied Physics Letters 122 (24), (2023);
https://doi.org/10.1063/5.0148467

S. Okuyucu, J. Thesinga, H. Tanaka, Y. Ozturk,

F. X. Kartner, M. Pergament and U. Demirbas;
Temperature dependence of the emission cross-section
and fluorescence lifetime in Cr:LiCAF, Cr:LiSAF, and
Cr:LiSGaF between 78 K and 618 K; Optical Materials
Express 13 (5), (2023) 1211-1227;
https://doi.org/10.1364/0me.486842
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P. C. Palleti, P. Seyidov, A. Gybin, M. Pietsch, U. Juda,
A. Fiedler, K. Irmscher and R. R. Sumathi;

Properties of a highly compensated high-purity germani-
um; Journal of Materials Science-Materials in Electronics
35(1), (2024);
https://doi.org/10.1007/s10854-023-11814-8

C.T. Parzyck, V. Anil, Y. Wu, B. H. Goodge, M. Roddy,
L. F. Kourkoutis, D. G. Schlom and K. M. Shen;
Synthesis of thin film infinite-layer nickelates by atomic
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layer; Apl Materials 12 (3), (2024);
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C. T. Parzyck, N. K. Gupta, Y. Wu, V. Anil, L. Bhatt,

M. Bouliane, R. Gong, B. Z. Gregory, A. Luo, R. Sutarto,
F. He, Y. D. Chuang, T. Zhou, G. Herranz,

L. F. Kourkoutis, A. Singer, D. G. Schlom,

D. G. Hawthorn and K. M. Shen;

Absence of 3a, charge density wave order in the in-
finite-layer nickelate NdNiO,; Nature Materials 23 (4),
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C.T. Parzyck, C. A. Pennington, W. J. |. DeBenedetti,
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M. A. Hines, D. G. Schlom, A. Galdi, K. M. Shen and
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Atomically smooth films of CsSb: A chemically robust
visible light photocathode; Apl Materials 11 (10), (2023);
https://doi.org/10.1063/5.0166334

A. Paskin, T. Couasnon, J. P. H. Perez, S. S. Lobanoy,
R. Blukis, S. Reinsch and L. G. Benning;

Nucleation and Crystallization of Ferrous Phosphate
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American Chemical Society 145 (28), (2023) 15137-15151;
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S. G. Pavlov and N. Abrosimov;

Oscillator strengths, intracenter absorption and photo-
ionization cross sections of optical transitions of shallow
donors in silicon; Physical Review Materials 8 (5), (2024);
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S. G. Pavlov and N. V. Abrosimov;
Impurity-induced enhancement of parity-forbidden op-
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Physical Review B 107 (11), (2023);
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A. Rosenauer, D. Jena, M. Eickhoff and P. Vogt;
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R. S. Russell, H. P. Nair, K. M. Shen, D. G. Schlom

and J. W. Harter;

Electronic nematic order in the normal state of strontium
ruthenate; Physical Review B 108 (8), (2023);
https://doi.org/10.1103/PhysRevB.108.L081105

A. Sabanskis, K. Dadzis, K. P. Gradwohl, A. Wintzer,
W. Miller, U. Juda, R. R. Sumathi and J. Virbulis;
Parametric numerical study of dislocation density
distribution in Czochralski-grown germanium crystals;
Journal of Crystal Growth 622 (2023);
https://doi.org/10.1016/j.jcrysgro.2023.127384

D. Schmidt, D. Hensel, M. V. Petev, M. Khosla, M. Brede,
S. Vadilonga and P. Gaal;

WaveGate: a versatile tool for temporal shaping of syn-
chrotron beams; Optics Express 32 (5), (2024) 7473-7483;
https://doi.org/10.1364/0e.515884



Publications

N.J. Schreiber, L. Miao, H. P. Nair, J. P. Ruf, L. Bhatt,
Y. A. Birkholzer, G. N. Kotsonis, L. F. Kourkoutis,

K. M. Shen and D. G. Schlom;

Enhanced T, in SrRuO;DySc0,110) thin films with high
residual resistivity ratio; Apl Materials 11 (11), (2023);
https://doi.org/10.1063/5.0156344

N.J. Schreiber, L. D. Miao, B. H. Goodge,

L. F. Kourkoutis, K. M. Shen and D. G. Schlom;

A model heterostructure with engineered Berry curvature;
Apl Materials 11 (6), (2023);
https://doi.org/10.1063/5.0151126

T. Schwaigert, S. Salmani-Rezaie, M. R. Barone,

H. Paik, E. Ray, M. D. Williams, D. A. Muller,

D. G. Schlom and K. Ahadi;

Molecular beam epitaxy of KTaO,; Journal of Vacuum
Science & Technology A 41 (2), (2023);
https://doi.org/10.1116/6.0002223

I. Sekudewicz, M. Syczewski, J. Rohovec, S. Matouskova,
U. Kowalewska, R. Blukis, W. Geibert, |. Stimac and

M. Gasiorowski;

Geochemical behavior of heavy metals and radionuclides
in a pit lake affected by acid mine drainage (AMD) in the
Muskau Arch (Poland); Science of the Total Environment
908 (2024);
https://doi.org/10.1016/j.scitotenv.2023.168245

S. Serrano, M. K. Feng, W. H. Lim, A. E. Seedhouse,
T. Tanttu, W. Gilbert, C. C. Escott, N. V. Abrosimov,
H.]. Pohl, M. L. W. Thewalt, F. E. Hudson, A. Saraiva,
A.S. Dzurak and A. Laucht;

Improved Single-Shot Qubit Readout Using Twin rf-SET
Charge Correlations; Prx Quantum 5 (1), (2024);
https://doi.org/10.1103/PRXQuantum.5.010301

P. Seyidov, J. B. Varley, Y. K. Frodason, D. Klimm,

L. Vines, Z. Galazka, T. S. Chou, A. Popp, K. Irmscher
and A. Fiedler;

Thermal Stability of Schottky Contacts and Rearrange-
ment of Defects in 3-Ga,0; Crystals; Advanced Electronic
Materials (2023);
https://doi.org/10.1002/aelm.202300428

P. Seyidov, J. B. Varley, J. X. Shen, Z. Galazka,

T.S. Chou, A. Popp, M. Albrecht, K. Irmscher

and A. Fiedler;

Charge state transition levels of Ni in B-Ga,O,crystals
from experiment and theory: An attractive candidate for
compensation doping; Journal of Applied Physics 134 (20),
(2023);

https://doi.org/10.1063/5.0173761
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Z. M. Shao, N. Schnitzer, J. Ruf, O. Y. Gorobtsov, C. Dai,
B. H. Goodge, T. N. Yang, H. Nair, V. A. Stoica,

J. W. Freeland, J. P. Ruff, L. Q. Chen, D. G. Schlom,

K. M. Shen, L. F. Kourkoutis and A. Singer;

Real- space imaging of periodic nanotextures in thin films
via phasing of diffraction data; Proceedings of the
National Academy of Sciences of the United States of
America 120 (28), (2023);
https://doi.org/10.1073/pnas.2303312120

V. B. Shuman, A. A. Lavrentiev, A. A. Yakovleva,

N. V. Abrosimov, A. N. Lodygin, L. M. Portsel and

Y. A. Astrov;

Solubility of Magnesium in Silicon; Semiconductors 57 (10),
(2023) 465-468;
https://doi.org/10.1134/s1063782623070175

N. Siannas, C. Zacharaki, P. Tsipas, D. J. Kim,

W. Hamouda, C. Istrate, L. Pintilie, M. Schmidbauer,

C. Dubourdieu and A. Dimoulas;

Electronic Synapses Enabled by an Epitaxial SrTiO;.s/
Hf,sZr, sO, Ferroelectric Field-Effect Memristor Integrated
on Silicon; Advanced Functional Materials (2023);
https://doi.org/10.1002/adfm.202311767

T.]J. Smart, F. V. E. Hensling, D. Y. Kim, L. N. Majer,

Y. E. Suyolcu, D. Dereh, D. G. Schlom, D. Jena,

J. Mannhart and W. Braun;

Why thermal laser epitaxy aluminum sources yield
reproducible fluxes in oxidizing environments; Journal of
Vacuum Science & Technology A 41 (4), (2023);
https://doi.org/10.1116/6.0002632

J. Steele, K. Azizie, N. Pieczulewski, Y. Kim, S. Mou,
T.]J. Asel, A. T. Neal, D. Jena, H. G. Xing, D. A. Muller,
T. Onuma and D. G. Schlom;

Epitaxial growth of a-(Al,Ga,.),0; by suboxide molecu-
lar-beam epitaxy at 1 um/h; Apl Materials 12 (4), (2024);
https://doi.org/10.1063/5.0170095

T. Straubinger, C. Hartmann, M. P. Kabukcuoglu,

M. Albrecht, M. Bickermann, A. Klump, S. Bode,

E. Hamann, S. Haaga, M. Hurst, T. Schréder,

D. Hanschke and C. Richter;

Dislocation Climb in AIN Crystals Grown at Low-Tempera-
ture Gradients Revealed by 3D X-ray Diffraction Imaging;
Crystal Growth & Design 23 (3), (2023) 1538-1546;
https://doi.org/10.1021/acs.cgd.2c01131

A. Subramanian, N. Abrosimov, A. Gybin,

C. Guguschey, U. Juda, A. Fiedler, F. Baerwolf, I. Costina,
A. Kwasniewski, A. Dittmar and R. R. Sumathi;
Investigation of Doping Processes to Achieve Highly

Doped Czochralski Germanium Ingots; Journal of
Electronic Materials 52 (8), (2023) 5178-5188;
https://doi.org/10.1007/s11664-023-10534-3
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R. R. Sumathi, A. Gybin, K. P. Gradwohl, P. C. Palleti,
M. Pietsch, K. Irmscher, N. Dropka and U. Juda;
Development of Large-Diameter and Very High Purity Ge
Crystal Growth Technology for Devices; Crystal Research
and Technology 58 (5), (2023);
https://doi.org/10.1002/crat.202200286

A. Suzuki, S. Kalusniak, S. Ganschow, C. Krankel

and M. Tokurakawa;

Kerr-lens mode-locked 49-fs Tm3":YScO, single-crystal laser
at 2.1um; Optics Letters 48 (16), (2023) 4221-4224;
https://doi.org/10.1364/01.497847

H. Tanaka and S. Puschel;

Monte Carlo fluorescence ray tracing simulation for laser
cooling of solids; Optics Express 32 (2), (2024) 2306-2320;
https://doi.org/10.1364/0e.503250

X.Tang, G. K. Chappa, L. Vieira, M. Holena and

N. Dropka;

Decision Tree-Supported Analysis of Gallium Arsenide
Growth Using the LEC Method, Crystals 13 (12), (2023);
https://doi.org/10.3390/cryst13121659

K. Tetzner, M. Klupsch, A. Popp, S. Bin Anooz, T. S.
Chou, Z. Galazka, K. Ickert, M. Matalla, R. S. Unger, E.
B. Treidel, M. Wolf, A. Trampert, J. Wirfl and O. Hilt;
Enhancement-mode vertical (100) 3-Ga,O; FinFETs with
an average breakdown strength of 2.7 MV cm’'; Japanese
Journal of Applied Physics 62 (SF), (2023);
https://doi.org/10.35848/1347-4065/acbebc

K. Tetzner, A. Thies, P. Seyidov, T. S. Chou, J. Rehm,

I. Ostermay, Z. Galazka, A. Fiedler, A. Popp, J. Wrfl
and O. Hilt;

Ge-ion implantation and activation in (100) B-Ga,0;, for
ohmic contact improvement using pulsed rapid thermal
annealing; Journal of Vacuum Science & Technology A 41
(4), (2023);

https://doi.org/10.1116/6.0002642

E. Tichy-Ré&cs, S. Hurskyy, U. Yakhnevych, P. Gaczynski,
S. Ganschow, H. Fritze and Y. Suhak;

Influence of Li-Stoichiometry on Electrical and Acoustic
Properties and Temperature Stability of Li(Nb,Ta)O; Solid
Solutions up to 900 °C; Physica Status Solidi a-Applica-
tions and Materials Science (2024);
https://doi.org/10.1002/pssa.202300962

A. Uvarovaa, P. Loiko, S. Kalusniak, E. Dunina,

L. Fomicheva, A. Kornienko, S. Balabanov, A. Braud,

P. Camy and C. Krankel;

Stimulated-emission cross-sections of trivalent erbium
jons in the cubic sesquioxides Y,0;, Lu,0; and

Sc,05 Optical Materials Express 13 (5), (2023) 1385-1400;
https://doi.org/10.1364/0me.487909

A.Verma, D. Golez, O.Y. Gorobtsoy, K. Kaj, R. Russell,

J. Z. Kaaret, E. Lamb, G. Khalsa, H. P. Nair, Y. F. Sun, R.
Bouck, N. Schreiber, J. P. Ruf, V. Ramaprasad, Y. Kubota,
T. Togashi, V. A. Stoica, H. Padmanabhan, J. W. Freeland,
N. A. Benedek, O. G. Shpyrko, J. W. Harter, R. D. Averitt,
D. G. Schlom, K. M. Shen, A.J. Millis and A. Singer;
Picosecond volume expansion drives a later-time insula-
tor-metal transition in a nano-textured Mott insulator;
Nature Physics (2024);
https://doi.org/10.1038/s41567-024-02396-1

L. Vieira, I. Buchovska, I. Tsiapkinis, A. Wintzer,

K. Dadzis and R. Menzel;

Simulation of crucible-free growth of monocrystalline
silicon fibres for mirror suspension in gravitational-wave
detectors; Journal of Crystal Growth 629 (2024);
https://doi.org/10.1016/j.jcrysgro.2023.127549

Q. Wang, R. Luo, Y. K. Wang, W. C. Fang, L. Y. Jiang,
Y.Y. Liu, R. B. Wang, L. Y. Dai, . Y. Zhao, J. S. Bi,

Z.H. Liu, L. B. Zhao, Z. D. Jiang, Z. T. Song,

J. Schwarzkopf, T. Schroeder, S. L. Wu, Z. G. Ye, W. Ren,
S. N. Song and G. Niu; Set/Reset Bilaterally Controllable
Resistance Switching Ga-doped Ge,Sb,Te; Long-Term
Electronic Synapses for Neuromorphic Computing;
Advanced Functional Materials 33 (19), (2023);
https://doi.org/10.1002/adfm.202213296

Q. Wang, V. C. Wang, Y. K. Wang, L. Y. Jiang, J. Y. Zhao,
Z.T.Song, ). S. Bi, L. B. Zhao, Z. D. Jiang,

J. Schwarzkopf, S. L. Wu, B. Zhang, W. Ren, S. N. Song
and G. Niu;

Long-term and short-term plasticity independently
mimicked in highly reliable Ru-doped Ge,Sb,Te. electronic
synapses, Infomat (2024); e12543;
https://doi.org/10.1002/inf2.12543

R. B. Wang, N. Koch, J. Martin and S. Sadofev;
Recrystallization of MBE-Grown MoS2 Monolayers Induced
by Annealing in a Chemical Vapor Deposition Furnace;
Physica Status Solidi-Rapid Research Letters 17 (5), (2023);
https://doi.org/10.1002/pssr.202200476

R. B. Wang, M. Schmidbauer, N. Koch, J. Martin and

S. Sadofev;

Y-Stabilized ZrO, as a Promising Wafer Material for the
Epitaxial Growth of Transition Metal Dichalcogenides;
Physica Status Solidi-Rapid Research Letters 18 (1), (2024);
https://doi.org/10.1002/pssr.202300141

T. Weigel, C. Richter, M. Nentwich, E. Mehner, V. Garbe,
L. Bouchenoire, D. Novikov, D. C. Meyer and

M. Zschornak;

Picometer atomic displacements behind ferroelectricity in
the commensurate low-temperature phase in multiferroic
YMn,O Physical Review B 109 (5), (2024);
https://doi.org/10.1103/PhysRevB.109.054101



A.J. Wojtowicz, M. E. Witkowski, W. Drozdowski,

M. Makowski and Z. Galazka;

Scintillation and radioluminescence mechanism in
B-Ga,0, semiconducting single crystals; Heliyon 9 (11),
(2023);
https://doi.org/10.1016/j.heliyon.2023.e21240

C. Wouters, M. Nofal, P. Mazzolini, J.J. Zhang, T. Rem-
mele, A. Kwasniewski, O. Bierwagen and M. Albrecht;
Unraveling the atomic mechanism of the disorder-or-
der phase transition from y-Ga,0; to 3-Ga,0,; Apl Ma-
terials 12 (1), (2024); https://doi.org/10.1063/5.0182500

U. Yakhnevych, F. El Azzouzi, F. Bernhardt, C. Kofahl,

Y. Suhak, S. Sanna, K. D. Becker, H. Schmidt, S. Gan-
schow and H. Fritze; Oxygen partial pressure and
temperature dependent electrical conductivity of lithi-
um-niobate-tantalate solid solutions; Solid State lonics
407 (2024); https://doi.org/10.1016/j.55i.2024.116487
U. Yakhnevych, C. Kofahl, S. Hurskyy, S. Ganschow,

Y. Suhak, H. Schmidt and H. Fritze;

Charge transport and acoustic loss in lithium
niobate-lithium tantalate solid solutions at temperatures
up to 900 °C; Solid State lonics 392 (2023);
https://doi.org/10.1016/j.ssi.2023.116147

I. Zaitsev, A. A. Corley-Wiciak, C. Corley-Wiciak,

M. H. Zoellner, C. Richter, E. Zatterin, M. Virgilio,

B. Martin-Garcia, D. Spirito and C. L. Manganelli;

The Interplay between Strain, Sn Content, and Tempera-
ture on Spatially Dependent Bandgap in Ge,  Sn, Micro-
disks; Physica Status Solidi-Rapid Research Letters 18 (3),
(2024);

https://doi.org/10.1002/pssr.202300348

X.Y.Zheng, S. Channa, L. ]. Riddiford, J.J. Wisser,

K. Mahalingam, C. T. Bowers, M. E. McConney,

A. T. N'Diaye, A. Vailionis, E. Cogulu, H. W. Ren,

Z. Galazka, A. D. Kent and Y. Suzuki;

Ultra-thin lithium aluminate spinel ferrite films with
perpendicular magnetic anisotropy and low damping;
Nature Communications 14 (1), (2023);
https://doi.org/10.1038/s41467-023-40733-9

M. Zupancic, W. Aggoune, A. Gloter, G. Hoffmann,

F. P. Schmidt, Z. Galazka, D. Pfutzenreuter,

A. A. Riaz, C. Schlueter, H. Amari, A. Regoutz,

J. Schwarzkopf, T. Lunkenbein, O. Bierwagen, C. Draxl
and M. Albrecht; Polar discontinuity governs surface
segregation and interface termination: A case study of
LalnOs/BaSn0,; Physical Review Materials 8 (3), (2024);
https://doi.org/10.1103/PhysRevMaterials.8.034602
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S. Bin Anooz, P. Petrik, Y. Wang, D. Mukherjee,

M. Schmidbauer and J. Schwarzkopf: Temperature-de-
pendent spectroscopic ellipsometry of MOVPE ferroelec-
tric epitaxial K, ¢sNa, ;sNbO; thin film; 12th Workshop on
Spectroscopic Ellipsometry (WSE); Prague, Czech Repub-
lic, September 18-21, 2023

I. Arlt, A. Mounérat, S. Ganschow, S. Kalusniak,

A. Ono-Suzuki, D. Klimm, C. Krankel: Phase diagram
and crystal growth of Tm3+-doped (Y,5¢),0,; 12th Ger-
man-French Workshop on Oxide, Dielectric, and Laser
Crystals; Berlin, Germany, September 21-22, 2023

M. Badtke, S. Kalusniak, S. Pischel, H. Tanaka,

C. Krankel: Doping concentration dependent spectroscop-
ic properties of Tb3+:LiYF, under UV-excitation - prospects
for violet-blue lasing; 12th German-French Workshop on
Oxide, Dielectric, and Laser Crystals; Berlin, Germany,
September 21-22, 2023

M. Badtke; S. Kalusniak, H. Tanaka, C. Krankel:
UV-diode-pumped green and yellow Th3+ lasers; Confer-
ence on Lasers and Electro-Optics (CLEO/Europe-EQEC)
2023; Munich, Germany, June 26-30, 2023

M. Bickermann: Crystals, Substrates, and Technologies
for Ga203 and Functional Oxides; 50th Anniversary
Symposium of the Dutch Association for Crystal
Growth (DACG50); Amsterdam, The Netherlands,
March 20-22, 2023

M. Bickermann, Z. Galazka, S. Ganschow, K. Irmscher,
S. Bin Anooz, T.-S. Chou, A. Popp, T. Straubinger:
Gallium Oxide Bulk Crystals Prepared by the Czochralski
Method, (100) Substrates, and Homoepitaxy Results;

6. International Workshop on UV Materials and Devices
2023 (IWUMD 2023); Metz, France, June 5-8, 2023

M. Bickermann: Leibniz-Institut fiir Kristallzlichtung -
Innovations in & by Crystalline Materials; DFG Research
Group FOR 5044 Summer School, IKZ Berlin; Berlin,
September 6-8, 2023

M. Bickermann: Crystal Growth Fundamentals:
Atomistic view on mesoscopic growth mechanisms;
Seminar at the University of Chemical Technology (VSChT);
Prague, Czech Republic, October 17, 2023

M. Bickermann: Crystal Growth Fundamentals: How to
grow bulk crystals using phase diagrams; Seminar at the
University of Chemical Technology (VSChT); Prague, Czech
Republic, October 17, 2023

M. Bickermann: Crystals are the Pillars of Modern Tech-
nology! Importance of Crystal Growth for Research and
Society; Seminar at the University of Chemical Technology
(VSChT); Prague, Czech Republic, October 17, 2023
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T.-S. Chou, S. Bin Anooz, J. Rehm, A. Ahktar, Z. Galazka,
M. Albrecht, P. Seyidov, A. Fiedler and A. Popp: The
Development of gallium oxide: MOVPE process and in-situ
monitoring; 12th German-French Workshop on Oxides,
Dielectrics, and Laser Crystals (WODIL 2023); Berlin,
Germany, September, 21-22, 2023

T.-S. Chou, S. Bin Anooz, R. Grineberg, T. T. Vi, . Rehm,
A. Ahktar, Z. Galazka, M. Albrecht, P. Seyidoy,

K. Irmscher, A. Fiedler and A. Popp: The development of
MOVPE-grown (100) 3-Ga,O, toward vertical power devic-

es; Ultra-wide bandgap oxide semiconductors (UW02023);
Bristol, UK, June 05, 2023

T.-S. Chou, S. Bin Anooz, ). Rehm, A. Ahktar, O. Ernst,

Z. Galazka, M. Albrecht, P. Seyidov, N. Dropka,

W. Miller, A. Fiedler, J. Schwarzkopf, A. Popp: High-Qual-
ity MOVPE-grown 3-Ga,0; Films: Morphology Control and
Step Instability; DGKK Seminar on Ultrathin Layer Systems,
Growth Kinetics, and Layer Transfer; Berlin, Germany,
November, 6-7, 2023

K. Dadzis, A. Wintzer, |. Tsiapkinis, S. Foroushani:
Multiphysical model experiments for crystal growth from
melt; 9th International Scientific Colloquium “Modelling
for Materials Processing” (MMP2023); Riga, Latvia,
September 18-19, 2023

K. Dadzis, A. Sabanskis, A. Wintzer, C. Guguschey,

J. Virbulis: Simulation of stresses and dislocations during
growth of oxide and halide crystals from the melt;

12th German-French Workshop on Oxide, Dielectric,

and Laser Crystals (WODIL 2023); Berlin, Germany,
September 21-22, 2023

K. Dadzis, A. Wintzer, . Tsiapkinis, S. Foroushani:
Scaling bulk crystal growth processes between industry
and research; International Conference on Crystal Growth
and Epitaxy (ICCGE20); Naples, Italy, July 30 - August 4,
2023

K. Dadzis, A. Wintzer, I. Tsiapkinis, S. Foroushani:
Scaling and similarity of bulk crystal growth from melt;
3rd International Symposium on Modeling of Crystal
Growth Processes & Devices (MCGPD-2023); Chennai,
India (online), March 6-8, 2023

K. Eremeeyv, P. Loiko, S. Balabanov, L. Guillemot,

P. Camy, C. Krankel, A. Braud: Efficient Tm:Lu,0, laser
at ~2250 nm; Conference on Lasers and Electro-Optics
(CLEO/Europe-EQEC) 2023; Munich, Germany,

June 26-30, 2023

A. Fiedler, M. Abdeldayem, A. Baki, J. Stover, |.-A. Shah,
J. Martin, T. Schulz, T. Markurt, H. Amari, C. Richter,

K. Irmscher, J. Schwarzkopf, M. Albrecht: Alternative
memristive switching mechanism in Sr deficient SrTiO, thin
films grown by metal-organic vapor phase epitaxy;

International Conference on Memristive Phenomena
in Chalcogenides and Beyond (ICMP2023);
Berchtesgaden, Germany, from May 22-25, 2023

S. Foroushani, A. Wintzer, K. Dadzis: In-situ measure-
ment of emissivity in crystal growth furnaces;
International Heat Transfer Conference (IHTC-17);
Cape Town, South Africa, August 14-18, 2023

S. Foroushani, A. Wintzer, K. Dadzis: Heating efficiency
and energy saving potential of a model crystal growth
furnace; German Conference on Crystal Growth

(DKT 2023); Augsburg, Germany, March 15-17, 2023

S. Foroushani, I. Tsiapkinis, A. Wintzer, K. Dadzis:
Measurement and simulation of 3D electromagnetic
fields for novel crystal growth techniques;

DGKK Arbeitskreistreffen “Herstellung und Charakter-
isierung von massiven Halbleiterkristallen”; Freiberg,
Germany, October 4-5, 2023

Ch. Frank-Rotsch, N. Dropka, K. Giziewicz, A. Gybin,
R.-P. Lange, O. Root, L. Smejkalova, F.-M. Kiel3ling:
for improved semiconductor crystal growth; ICCGE-20;
Naples, Italy, July 30- August 4th 2023

P. Gaal, M. Khosla, D. Hensel, M. Brede, D. Schmidt,
J. Schwarzkopf: Spatiotemporal Dynamics of a Marten-
sitic Phase Transition in (K,Na)NbO; IMF2023; Tel Aviv,
Israel, March 2023

Z. Galazka: Bulk B-Ga203 and -(Al,Ga,.),0; single crys-
tals grown by the Czochralski method, E-MRS Meeting;
Warsaw, Poland, September 18-21, 2023

Z. Galazka: Bulk single crystals and physical properties of
B-(Al,Ga,.),0, grown by the Czochralski method; The 6th
U.S. Gallium Oxide Workshop 2023 (GOX 6); Buffalo, USA,
August 13-16, 2023

Z. Galazka, A. Fiedler, A. Popp, S. Bin Anooz, P. Seyidov,
S. Ganschow, A. Kwasniewski, M. Pietsch, A. Dittmar,
K. Irmscher, M. Suendermann, D. Klimm, R. Blukis,
T.-S. Chou, J. Rehm, T. Schulz, T. Schroeder,

M. Bickermann: Bulk single crystals and physical prop-
erties of B-(Al,Ga, ),0, grown by the Czochralski method;
DGKK; Erlangen, Germany, October 4-5, 2023

Z. Galazka: Transparent semiconducting oxides: bulk
single crystals and fundamental properties. Insight into
growth of bulk SnO, crystals.; Seminar at Seoul University;
Seoul, S. Korea, May 15, 2023

Z. Galazka: Growth from the melt and basic physical prop-
erties of bulk BaSnO; and LalnO; single crystals; Seminar
at Seoul University; Seoul, S. Korea, May 16, 2023
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Z. Galazka: Growth and physical properties of bulk
B-Ga,0, and B-(Al,Ga,,),0, single crystals, and related
compounds; Seminar at Naval Research Lab (NRL);
Washington DC, USA, August 21, 2023

S. Ganschow, D. Klimm, U. Bashir, M. Stypa, K. Bottcher,
M. Bickermann, F. Bernhardt, S. Sanna: Solid solutions
of LiINbO, and LiTaO, - phase diagram and growth of
single crystals; E-MRS 2023 Fall Meeting; Warsaw, Poland;
September 18-21, 2023 Warsaw, Poland

S. Ganschow: Growth of Bulk Single Crystals;

FOR5044 Summer School 2023 Periodic low-dimensional
defect structures in polar oxides; Berlin, Germany,
September 6-8, 2023

C. Guguscheyv, M. Britzam, C. Richter, J. Képp,

D. Klimm, C. Dubs, K. Dadzis, C. Hirschle, T. M. Gesing,
M. Schulze, A. Kwasniewski, J. Schreuer, Y. Li, C. Rhode,
G. Aka, M. Bickermann, D. G. Schlom: Crystal growth
and characterization of hexagallate bulk single crystals;
International Conference on Crystal Growth and Epi-
taxy-ICCGE-20; Naples, Italy, July 30- August 4, 2023

C. Hartmann, T. Straubinger, M. Kabukcuoglu,

M. Albrecht, A. Klump, T. Schréder, , S. Bode,

E. Hamann, S. Haaga, M. Hurst, D. Hanschke,

M. Bickermann, C. Richter: Growth of 1-inch aluminium
nitride crystals with efficient diameter increase technology
and structural characterization; DKT 2023; Augsburg,
Germany, March 15, 2023

C. Hartmann, C. Richter, M. Kabukcuoglu, L. Kirste,

A. Klump, E. Hamann, M. Bickermann, D. Hanschke,
T. Straubinger: Growth and Structural Characterization
of Bulk AIN Crystals with Efficient Diameter Enlargement;
ICNS-14; Fukuoka, Japan November 16, 2023

K. Kang, Saud Bin Anooz, Jutta Schwarzkopf, Matthias
Scheffler, Christian Carbogno: Spontaneous Polarization
in NaNbO3; DPG Spring Meeting, Dresden, Germany,
March 26-31, 2023

C. Krankel, M. Badtke, S. Kalusniak, S. Puschel,
H. Tanaka: UV-diode-pumping and prospects of
violet-blue lasing of Th3+-doped fluorides;
Advanced Solid-State Lasers Conference 2023;
Tacoma, USA, October 8-12, 2023

C. Kréankel, A. Suzuki, S. Kalusniak, S. Ganschow,

M. Tokurakawa: Kerr-lens mode-locked Tm3+-doped
mixed sesquioxide single crystal laser at 2.1 ym; Advanced
Solid-State Lasers Conference 2023; Tacoma, USA,
October 8-12, 2023
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C. Krankel: Rare-earth doped fluoride crystals for sol-
id-state laser cooling; International summer School on
Rare-earth-doped Optical Materials; Krakow, Poland;
August 27-September 1, 2023

C. Krankel: Fluoride crystals as host materials for visible
lasers; International summer School on Rare-earth-doped
Optical Materials; Krakow, Poland; August 27-Septem-
ber 1,2023

C. Krankel: Applications for crystals: Rare-earth-doped
solid-state lasers II: visible lasers; DAAD exchange pro-
gram, University of Chemistry and Technology; Prague,
Czechia, October 16-17, 2023

C. Krankel: Applications for crystals: Rare-earth-doped
solid-state lasers I: infrared lasers; DAAD exchange pro-
gram, University of Chemistry and Technology; Prague,
Czechia, October 16-17, 2023

C. Krankel: Applications for crystals: Host materials for
solid-state-lasers; DAAD exchange program, University
of Chemistry and Technology, Prague, Czechia, October
16-17, 2023

W. Miller, A. Sabanskis, A. Gybin, K.-P. Gradwohl,

A. Wintzer, K. Dadzis, J. Virbulis, R. R. Sumathi:

A Coupled Computing of the Dislocation Development
During the Czochralski Growth of Germanium; DKT2023;
Augsburg, Germany, March 15 -17, 2023

W. Miller, T. Schulz, L. Lymperakis, A. Klump,

M. Albrecht: Kinetic Monte Carlo Simulations for the
epitaxy of AIN and AlGaN on AIN(0001); 3rd International
Symposium on Modeling of Crystal Growth Processes and
Devices; Channai, India, (Online), March, 6-8, 2023

W. Miller: A Kinetic Monte Carlo Tool for Computation of
Epitaxial Processes Programmed in julia; MMS days;
Potsdam, Germany, April 17-19, 2023

W. Miller, T. Schulz, L. Lymperakis, A. Klump,

M. Albrecht: Growth kinetics of AIN and AlGaN deposition
on AIN(0001): A kinetic Monte Carlo study; The 6th Inter-
national Workshop on Ultraviolet Materials and Devices;
Metz, France, June 6 -8, 2023

W. Miller: Numerical Simulations in Bulk Crystal and Lay-
er Growth; Warsaw4PhD School; Warszawa, July 3, 2023

P.Gaal, M. Khosla, D. Hensel, M. Brede, D. Schmidt,

J. Schwarzkopf: Spatiotemporal Dynamics of a Martensit-
ic Phase Transition in (K,Na)NbO,; PLU2023;
Czestochowa, Poland, September 15, 2023
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P.C. Palleti, Pradeep Chandra Palleti, Alexander Gybin,
Andrea Dittmar and R. Radhakrishnan Sumathi:
Investigation of factors influencing in the zone refining
process of very high-purity germanium; ICCGE-20;
Naples, Italy, July 30-August 4, 2023

A. Popp, S. Bin Anooz, T.-S. Chou, J. Rehm, V. Tran,
R. Grineberg, A. Fiedler, Palvan Seyidov, Z. Galazka,
R. Schewski, M. Pietsch, A. Kwasniewski,

M. Schmidbauer, W. Miller, K. Irmscher, M. Albrecht,
J. Schwarzkopf: Epitaxial Growth of (100) B-Ga,0, by
MOVPE; DKT 2023; Augsburg, Germany, March 15-17,
2023

A Popp: Metalorganic Vapor Phase Epitaxy (MOVPE);
Summer School BTU-CB-SB; Cottbus, Germany;
September 9, 2023

A.Popp, S. Bin Anooz, T.-S. Chou, J. Rehm, A. Fiedler,
Palvan Seyidov, Z. Galazka, R. Schewski, M. Pietsch,

A. Kwasniewski, M. Schmidbauer, W. Miller, K. Irmscher,
M. Albrecht: Epitaxial Growth development of (100)
B-Ga,0, by MOVPE; DGKK DEMBE 2023; Stuttgart,
Germany, November 27-29, 2023

A. Popp, T.-S. Chou, S. B. Anooz, R. Grineberg,

V. T.T. Thuy, J. Rehm, A. Akhtar, Z. Galazka, P. Seyidoy,
K. Irmscher, M. Albrecht, A. Fiedler: MOVPE of (100)
B-Ga,0; for vertical power devices - challenges to epitaxial
growth process; GOX-2023; Buffalo (NY), USA,

August 13-16, 2023

S. Puschel, C. Krankel, H. Tanaka: Laser cooling of an
Yb3+-doped KYF,, crystal by 42 K; Conference on Lasers
and Electro-Optics (CLEO/Europe-EQEC) 2023; Munich,
Germany; June 26-30, 2023

S. Puschel, H. Tanaka, C. Krankel: Ytterbium-doped
KY,F,, as a promising material for optical cryocoolers;
SPIE Photonics West 2023; San Francisco, USA;
January 28 - February 2, 2023

J. Rehm, T.-S. Chou, A. Akhtar, R. Grlineberg,

S. Bin-Anooz, A. Fiedler, M. Schmidbauer, A. Popp:

The challenge to grow B-(Al,Ga,,),0; on (100) off-oriented
B-Ga,0; by MOVPE; DPG Spring Meeting 2023; Dresden,
Germany, March 28, 2023

C. Rhode: The interconnection of resistive and structural
switching in non-stoichiometric SrTiO;-thin films; 12th Ger-
man-French Workshop on Oxide, Dielectric, and Laser
Crystals; Berlin, Germany, September 21-22, 2023

C. Richter: Multiscale analysis of the real structure of
crystals by X-ray diffraction imaging; ECS8: European
Crystallography School 2023; June 18-24, 2023

C. Richter: X-ray diffraction microscopy applied to
semiconductor materials and devices; RAC International
Summer School Focal theme: X-ray and neutron research
on bio-inspired materials and sustainable energy
technology; September 01-08, 2023

A. Sabanskis, A. Wintzer, C. Guguschey, J. Virbulis,

K. Dadzis: Numerical study of thermal stresses and
dislocation dynamics during growth of oxide and fluoride
crystals from melt; International Conference on Crystal
Growth and Epitaxy (ICCGE20); Naples, Italy,

July 30 - August 4, 2023

A. Sabanskis, K. Dadzis, A. Wintzer, J. Virbulis:

New open-source software for simulation of thermal
stresses and dislocations in crystals during the growth
process; 9th International Scientific Colloquium “Model-
ling for Materials Processing” (MMP2023); Riga, Latvia,
September 18-19, 2023

T. Schroder: On the importance and opportunities of
advanced crystals for electronic & photonic technologies
in European Union; TU Posnan, Politechnika Poznariska;
Posnan, Poland; April 06, 2023

T. Schroder: Kristallziichtung fiir HighTec Produkte; Min-
eralogisches Museum, Philipps Universitét Marburg, Fach-
bereich Geographie; Marburg, Germany; June 01, 2023

T. Schréder: Crystals for electronic & photonic tech-
nologies in European Union; University of Tours; Tours,
France; July 12,2023

T. Schréder: Crystals and Crystal Components for EU
Technology Sovereignty: IKZ R & D strategy in electronics
and photonics; Infineon Innovation Days, Infineon Tech-
nologies Dresden, GmbH & Co. KG, Dresden, Germany;
November 15, 2023

T. Schroder: Crystalline materials for future electronics;
Workshop on Recent Advances in thin Film Research,
Technische Universitdt Darmstadt; Darmstadt, Germany;
November 24, 2023

T. Schroder: Secure and sustainable materials supply
chains; Panel member in panel discussion at Innovation
Network Advanced Materials, INAM Berlin;

Berlin, Germany; February 23, 2023

T. Schroder: Das Leibniz-Strategieforum Technologische
Souverdnitdt: Die letzten 2 Jahre und die ndchsten
Schritte; Leibniz-Prdsidiumssitzung, Berlin; Berlin, Germa-
ny; February 28, 2023

T. Schréder: Forschung und Entwicklung unter der
Perspektive technologischer Souverdnitdt: Das Beispiel
des Leibniz-Strategieforums Technologische Souverdnitdt;
Spectaris Branchentag Photonik, Lubeck; Lubeck,
Germany; March 01, 2023
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T. Schroder: Fachgesprdch zum Ausbau der Materialex-
pertise in Quantenmaterialien in Deutschland und Europa;
VDI Fachexpertentreffen Quantenmaterialien; DUsseldorf,
Germany; March 02, 2023

J. Schwarzkopf, S. Bin Anooz, Y. Wang, M. Neis,

H. Woffen, D. Mayer, R. Wordenweber, M. Schmidbauer:
Manipulation of piezoelectric domain formation and
surface acoustic wave propagation in (K,Na)NbO, thin
films by strain and defect engineering; EMRS Fall Meeting,
Symposium V. Piezoelectric polar oxides; Warsaw, Poland;
September 18-21, 2023

J. Schwarzkopf, A. Baki, M. Abdeldayem, J. Stover,

K. Irmscher, H. Amari, M. Albrecht, S. Liang, D. Fink,

D. Mayer, R. Wordenweber: MOVPE of strain and defect
engineered perovskite thin films; 5th Functional Oxide Thin
Films for Advanced Energy and Information Technology
Conference; Cancun, Mexiko; February 12-15, 2023

J. Schwarzkopf: Epitaxy of polar oxide thin films;
FOR5044 Summer School 2023 Periodic low-dimensional
defect structures in polar oxides; Berlin, Germany;
September 6-8, 2023

J. Schwarzkopf: Epitaxial growth of lead-free ferroelectric
(K, Na)NbO;, thin films and the impact of strain; Nano-
science Colloquium, Universitdt Hamburg; Hamburg,
Germany; June 27, 2023

P. Seyidov, J. B. Varley, Y. K. Frodason, D. Klimm,

L Vines, Z. Galazka, T.-S. Chou, A. Popp, K. Irmscher,

A. Fiedler: Requirements for lateral 3-Ga,0; MESFETSs:
Thermal stability of Schottky contacts and rearrangement
of defects; Ultra-wide bandgap oxide semiconductors
(UW02023); Bristol, UK, June 5, 2023

P. Seyidov, J. B. Varley, J.-X. Shen, Z. Galazka, T.-S. Chou,
A. Popp, M. Albrecht, K. Irmscher, A. Fiedler: Charge
State Transition Levels of Ni in B-Ga,0;, crystals Eminently
Suitable Candidate for Compensation; The 6th U.S. Work-
shop on Gallium Oxide (GOX 2023); Buffalo, USA, August
13- 16, 2023

[.-A. Shah, M. Abdeldayem, C. Liu, T. Schulz, J. Martin,
H. Amari, C. Richter, K. Irmscher, J. Schwarzkopf,

M. Albrecht, A. Fiedler: Electrode dependent electrical
properties of MOVPE grown Sr deficient SrTiO, thin film

based memristive switches; 12th German-French Work-
shop on Oxides, Dielectrics, and Laser Crystals (WODIL

2023); Berlin, Germany, September 21-22, 2023

K. Stolze, I. Peracchi, C. Richter, J. Martin, T. Schulz,

R. Kernke, C. Frank-Rotsch, P. Steglich; Investigation of
um-Thin InP Single Crystals for Heterogeneous Integration
of Il V on Si via Micro-Transfer-Printing; EMRS Fall Meeting
2023; Warsaw, September 18-21, 2023
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T. Straubinger, C. Hartmann, M. Albrecht,

A. Klump, T. Schréder, M. Bickermann, C. Richter,

M. Kabukcuoglu, S. Bode, E. Hamann, S. Haaga,

M. Hurst, D. Hanschke: Growth of 1-inch aluminium
nitride crystals with efficient diameter increase technology
and structural characterization; SPIE Photonics West,; San
Francisco, January 30, 2023

T. Straubinger, C. Hartmann, M. Albrecht, A. Klump,

T. Schroder, M. Bickermann, C. Richter, M. Kabukcuoglu,
S. Bode, E. Hamann, S. Haaga, M. Hurst, D. Hanschke:
Growth of 1-inch aluminium nitride crystals; Hausseminar
TUB; Berlin, Germany, May 10, 2023

T. Straubinger, C. Hartmann, M. Albrecht,

A. Klump, T. Schréder, M. Bickermann, C. Richter,

M. Kabukcuoglu, S. Bode, E. Hamann, S. Haaga,

M. Hurst, D. Hanschke: Aluminium nitride prototype
substrates with low dislocation density for the fabrication
of 230nm light-emitting-diodes (skin disinfection) and
ultraviolet laser-diodes;, ams-OSRAM coffe & office;
Regensburg, Germany; May 25, 2023

A. Subramanian, C. Richter, C. Guguschev, M. Schmid-
bauer and R. R. Sumathi: Investigating the microstructur-
al defects in heavily-doped Ge ingots using X-ray imaging
techniques; DGKK Annual Meeting (DKT2023); Augsburg,
Germany, March 15-18, 2023

A. Subramanian, A. Gybin, C. Guguschey, C. Richter,
A. Kwasniewski, N. Abrosimov, R. R. Sumathi, K. P.
Gradwohl: Growth and structural investigation of Ge,.
Si,., crystals up to 15% Si content using the Czochralski
method; DGKK-Arbeitskreis “Massiv Halbleiter Kristalle”;
Erlangen, Germany, October 4-5, 2023

R. R. Sumathi: High purity semiconductor materials for
fundamental and technological applications;
International Materials Conclave (IMC-2023); Pune, India,
March 8-10, 2023

R. R. Sumathi, P. C. Palleti, A. Gybin, U. Juda,

P. Amoroso, J. Slotte, F. Tuomisto: Point defects and
dislocations studies in high-purity Ge crystals;

DGKK Annual Meeting (DKT2023); Augsburg, Germany,
March 15-18, 2023

R.R. Sumathi, P. C. Palleti, P. Seyidov, M. Pietsch,

A. Gybin, A. Fiedler: Conductivity type transition in
high-purity germanium bulk materials; ISTDM/ICSI-2023;
Como, Italy, May 21-25, 2023

R. R. Sumathi, R. Menzel, |. Buchovska, N. Abrosimov:
Semiconductor bulk crystals for quantum computing;
Future of Computing, INAM; Berlin, Germany,
November 28, 2023
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R.R. Sumathi, N. Abrosimov, R. Menzel: Crystalline
materials: Embracing the redefinition of physical unit
“kg-mass”.; DAE - Solid State Physics Symposium
(DAE-SSPS-23); Vizag, India, December 21-24, 2023

A. Suzuki, S. Kalusniak, S. Ganschow, C. Krankel,

M. Tokurakawa: Comparison of mode-locked
Tm3+:YScO, mixed sesquioxide laser and Tm3+:Lu,0,/
Tm3+:5¢,0, combined active gain media laser;

The 12th Asia-Pacific Laser Symposium (APLS); Hokkaido,
Japan, September 4-7, 2023

A. Suzuki, S. Kalusniak, H. Tanaka, S. Ganschow,

C. Krankel, M. Tokurakawa: Ultrashort pulse generation
in 2-uym spectral range using combined gain and mixed
gain materials; 43rd Annual Meeting of the Laser Society
of Japan 2023; Nagoya, Japan; January 18-20, 2023

A. Suzuki, S. Kalusniak, H. Tanaka, S. Ganschow,

C. Krankel, M. Tokurakawa: Spectroscopic and laser
properties of Tm-doped YScO;, crystals; 70th JSAP Spring
Meeting 2023; Tokyo, Japan; March 15-18, 2023

M. Tokurakawa, R. Mitsui, A. Suzuki, C. Krankel:
Development of a Tm3+:Lu,0,/Yb3+:5¢,0; laser for ob-
servation of two-photon induced emission; 43rd Annual
Meeting of the Laser Society of Japan 2023; Nagoya,
Japan; January 18-20, 2023

I. Tsiapkinis, K. Dadzis: Calculation of the shape of melt
free surface using the finite volume method and interface
tracking for crystal growth applications; Leibniz MMS Days
2023; Potsdam, Germany, April 17-19, 2023

I. Tsiapkinis, A. Wintzer, K. Dadzis: Multiphysics simula-
tion of heat transfer, phase boundaries and melt flow for
crystal growth applications; 18th OpenFOAM Workshop
(OFW18); Genoa, Italy, July 11-14, 2023

I. Tsiapkinis, A. Wintzer, S. Foroushani, K. Dadzis: Ultra-
sonic Doppler velocimetry for melt flow in model exper-
iments for Czochralski crystal growth; 9th International
Scientific Colloquium “Modelling for Materials Processing”
(MMP2023); Riga, Latvia, September 18-19, 2023

I. Tsiapkinis, A. Wintzer, S. Foroushani, K. Dadzis:
Validation of high-frequency electromagnetic models
for crystal growth applications; 9th International Sci-
entific Colloquium “Modelling for Materials Processing”
(MMP2023); Riga, Latvia, September 18-19, 2023

A. Uvarova, P. Eckhof, L. Hulshoff, P. Wegener,

S. Kalusniak, C. Krankel: Growth and efficient laser
operation of Yb-doped mixed sesquioxides; Conference
on Lasers and Electro-Optics (CLEO/Europe-EQEC) 2023;
Munich, Germany; June 26-30, 2023

L. Vieira, I. Buchovska, I. Tsiapkinis, A. Wintzer,

K. Dadzis, R. Menzel: Simulation of the Growth of
Crystalline Si fibers for 3rd Generation Gravitational
Wave Detectors, 9th International Scientific Colloquium
~Modelling for Materials Processing” 2023; Riga,

Latvia September 18-19, 2023

H. T. Woffen, M. Neis, J. Schwarzkopf, D. Mayer, P. Gaal,
R. Wordenweber: (K,, Na,,JNbO;-Based Thin Film Surface
Acoustic Wave Sensors as label-free Biosensors;

4th European BioSensor Symposium 2023;

August 27-30, 2023



Patents

Semiconductors

J. Boschker, Ch. Frank-Rotsch, M. Zorn, T. Schréder
Substrat fiir ein Halbleiterbauelement Halbleiter-
vorrichtung und Verfahren zum Herstellen eines
Substrats fur ein Halbleiterbauelement
DE102020131850, US 18/039668

K. Stolze, P. Steglich, K, Berger, U. Juda, J. Martin
Verfahren und Vorrichtung zum Herstellen einer
Halbleiterstruktur

Transfer Printable Single-Crystalline Coupons

DE 102022100661.1, EP23151074.4

M. Wiinscher, H. Riemann

Vorrichtung fur das tiegelfreie Zonenziehen von
Kristallstdben

(Apparatus for continuous zone-melting a
crystalline rod)

DE102012022965B4, EP 2920342B1 (DE, DK, LV)

N. Abrosimov, J. Fischer, H. Riemann, M. Renner
Verfahren und Vorrichtung zur Herstellung von
Einkristallen aus Halbleitermaterial

Process and apparatus for producing semi-
conductor single crystals

DE102010005520B4

K.-P. Gradwohl, S. Radhakrishnan, A. Gybin, J. Fischer,
C. Guguschev

Vorrichtung zum Herstellen eines einkristallinen
Halbleiters mittels Zonenreinigung

Apparatus for producing a single-crystal
semiconductor by zone refining

DE 102023132842.5

Registered Trademark

KRISTMAG®

Oxides and laser materials

Z. Galazka, R. Uecker, D. Klimm, M. Bickermann
Method for growing beta phase of gallium oxide
(B-Ga,0.) single crystals from the melt contained
within a metal crucible

EP3242965B1 (AT, BE, CH, DE, CZ, ES, FR, GB, IT, NL, PL),
KR101979130B1, US20170362738A1

Z. Galazka, R. Uecker, R. Fornari

Method and apparatus for growing indium oxide
(In,0,) single crystals and indium oxide (In,0;)
single crystal

US10208399
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C. Guguschev, M. Britzam, D. Schlom, H. Paik
Method and setup for growing bulk single crystals
DE102020114524A1, US20200378030A1,
KR1020200138082A

C. Guguschey, E. Haurat, D. Klimm, C. Krankel,

A. Uvarova

Verfahren und Vorrichtung zum Ziichten eines
Seltenerd-Sesquioxid-Kristalls

Method and device for growing a rare earth
sesquioxide crystal

DE102020120715, WO/EP21748512.7

Z. Galazka, S. Ganschow, M. Bickermann,

T. Schroder, W. Hackl

Method and apparatus for producing electrically
conducting bulk B-Ga,0; single crystals and
electrically conducting bulk B-Ga,0, single crystal
EP22154305.1, PCT/EP/2023051212, TW
112102595

Z. Galazka, S. Ganschow, M. Bickermann,

T. Schréder

Melt-grown bulk b-(AlxGa,,),0; single crystals and
method for producing bulk b-(AlxGa,,),0; single
crystals

PCT/EP2022/078252, TW 112138623

Aluminium nitride

A. Dittmar, C. Hartmann, J. Wollweber, M. Bickermann
(Sc, Y):AIN Einkristalle fiir Gitter-angepasste
AlGaN Systeme

(Sc,Y):AIN single crystals for lattice-adapted
AlGaN systems

KR1020180048926A

C. Hartmann, T. Straubinger
Kristallziichtungsvorrichtung und
Verfahren zum Ziichten eines Halbleiters
Crystal growth design and

method for growing a semiconductor

DE 102022119343.8, US18/363366

Semiconducting layers
and nanostructures

O. Ernst, T. Boeck, F. Lange, H.-P. Schramm,
T. Teubner, D. Uebel

Verfahren zur Mikrostrukturierung
(Method for Microstructuring)
DE102020126553


https://www.google.de/patents/DE102012022965A1?cl=de&hl=de&dq=Vorrichtung+f%C3%BCr+das+tiegelfreie+Zonenziehen+von+Kristallst%C3%A4ben
https://www.google.de/patents/DE102012022965A1?cl=de&hl=de&dq=Vorrichtung+f%C3%BCr+das+tiegelfreie+Zonenziehen+von+Kristallst%C3%A4ben
https://patents.google.com/patent/EP2504470B1/de
https://patents.google.com/patent/EP2504470B1/de
https://www.google.de/patents/EP3042986A1?cl=en&dq=Method+for+growing+beta+phase+of+gallium+oxide+(%C3%9F-Ga2O3)+single+crystals+from+the+melt+contained+within+a+metal+crucible&hl=de&sa=X&ved=0ahUKEwjR6Jn1qOHYAhWDh6YKHcNGDe0Q6AEIJzAA
https://www.google.de/patents/EP3042986A1?cl=en&dq=Method+for+growing+beta+phase+of+gallium+oxide+(%C3%9F-Ga2O3)+single+crystals+from+the+melt+contained+within+a+metal+crucible&hl=de&sa=X&ved=0ahUKEwjR6Jn1qOHYAhWDh6YKHcNGDe0Q6AEIJzAA
https://www.google.de/patents/EP3042986A1?cl=en&dq=Method+for+growing+beta+phase+of+gallium+oxide+(%C3%9F-Ga2O3)+single+crystals+from+the+melt+contained+within+a+metal+crucible&hl=de&sa=X&ved=0ahUKEwjR6Jn1qOHYAhWDh6YKHcNGDe0Q6AEIJzAA
https://encrypted.google.com/patents/EP2841630B1?cl=en&hl=de
https://encrypted.google.com/patents/EP2841630B1?cl=en&hl=de
https://encrypted.google.com/patents/EP2841630B1?cl=en&hl=de
https://patents.google.com/patent/DE102020114524A1/en
https://www.google.de/patents/DE102015116068A1?cl=de&dq=(Sc,+Y):+Einkristalle+f%C3%BCr+Gitter-angepasste+AlGaN+Systeme&hl=de&sa=X&ved=0ahUKEwje4ouhqeHYAhWGlSwKHc0WAYoQ6AEIJzAA
https://www.google.de/patents/DE102015116068A1?cl=de&dq=(Sc,+Y):+Einkristalle+f%C3%BCr+Gitter-angepasste+AlGaN+Systeme&hl=de&sa=X&ved=0ahUKEwje4ouhqeHYAhWGlSwKHc0WAYoQ6AEIJzAA
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D. Uebel, R. Bansen, T. Boeck, O. Ernst, H.-P. Schramm,
T. Teubner

Silizium-basierte Wafer und Verfahren zur
Herstellung von Silizium-basierten Wafern
(Silicon-based wafers and method of fabricating
silicon-based wafers)

DE102020132900

O. Ernst, D. Uebel, T. Boeck

Verfahren zur Herstellung von isotopenangere-

icherten Germanium-Wasserstoffverbindungen

(Process for the preparation of isotope-enriched
germanium-hydrogen compounds)

DE 102022105177.3, PCT/EP2023/054384

S. Zahedi-Azad, T. Boeck, O. Ernst, H.-P. Schramm,
D. Uebel

Verfahren und Ziichtungsaufbau zum Herstellen
lokalisierter Strukturen

(Method and growth setup for the fabrication of
localized structures)

DE 102022116962.6

Oxide layers

M. Albrecht, A. Baki, K. Irmscher, T. Schulz,

J. Schwarzkopf, J. Stéver

Verfahren zum Herstellen eines Kristalls mit
Perowskitstruktur

Formingless Resistive Switching by
Off-Stoichiometry Control of ABO3 Perovskites
DE1020132049, PCT/EP2021/082505

T. Chou, A. Popp, W. Hackl

Method for producing a gallium oxide layer
on a substrate

EP 21187231.2, PCT/EP 2022/069433,

TW 111126459

S. Bin-Anooz, T.-S. Chou, W. Hackl, A. Popp
Method for producing a gallium oxide layer
on a substrate
EP 22194558.7

X-Ray optics

P. Gaal

Bereitstellen eines transienten Gitters
(Providing a transient grid)
DE102019132393B4, PCT/EP2020/082942



Committees

Committees
M. Bickermann: IGAFA e.V. - the scientific network
of the non-university research institutions located in

Berlin-Adlershof e.V.; member of the board

M. Bickermann: Elected Member of the DFG Review
Board for Materials Science 406-03 (Term 2020-2023)

Ch. Frank-Rotsch: DGKK-Schriftfuhrerin
Ch. Frank-Rotsch: ENCG council member

Ch. Frank-Rotsch: IOCG member of executive
committee

C. Guguschev: IUCr member of the commission on
crystal growth and characterization of materials,

T. Schroder: Coordinator of the European Networks
on Crystal Growth (ENCG), Member of council

T. Schréder: Member of DESY Photon Science Council,
Hamburg

T. Schroder: Chairman of the Bord of Forschungs-
verbund Berlin e.V. (until September 2023)

T. Schroder: Deputy Chairman of the
“Deutsche Gesellschaft fur Kristallzichtung” DGKK

T. Schroder: Deputy Member of the Leibniz-Association
Presidium, Berlin (since September 2023)

T. Schroder: Member of DESY Photon Science Council,
Hamburg

T. Schroder: Speaker Leibniz Association:
Strategy Forum on Technological Sovereignty, Berlin

T. Schroder, Member of the “Leibniz-Mentoring-
Program”, Leibniz Association, Berlin, 2023

T. Schroder: Deputy Spokesperson of the Section D:
Mathematics, Natural Sciences, Engineering of the
Leibniz Association, Berlin, since Sep. 2023
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Conference committees

M. Albrecht: 14th International Conference on Nitride
Semiconductors 2023 (ICNS-14), Fukuoka, Japan; mem-
ber of the program committee

M. Bickermann: 14th International Conference on Ni-
tride Semiconductors 2023 (ICNS-14), Fukuoka, Japan;
member of the program committee

M. Bickermann: 6. International Workshop on UV Ma-
terials and Devices 2023 (IWUMD 2023), Metz, France,
June 5-8, 2023, Member of the Program Committee

M. Bickermann: 20. International Conference on
Crystal Growth (ICCGE-20), Naples, Italy,
Jul 30-Aug 4, 2022, Member of the Program Committee

K. Dadzis: 9th International Scientific Colloquium
“Modelling for Materials Processing” (MMP2023),
Riga, Latvia, September 18-19, 2023.
Member of the Scientific Committee

C. Krankel: 12th German-French Workshop on Oxide,
Dielectric and Laser single crystals (WODIL 2023),
Berlin, Gemany, Steering Committee

C. Krankel: Advanced SOIlid State Lasers Conference,
Tacoma, USA, member of the materials program

committee

C. Krénkel: European Optical Society Annual Meeting
(EOSAM) 2023, Dijon, France, Comittee member

T. Schroder: 12th German-French Workshop Oxide,
Dielectric and Laser single crystals (WODIL 2023),
Berlin, Germany, chair

Journals/Editors

M. Bickermann: Editor, Journal of Crystal Growth
(Elsevier B.V.)

M. Bickermann: Associate Editor, Progress in Crystal
Growth and Characterization of Materials (Elsevier B.V.)

N. Dropka: Crystals; topical advisory panel

W. Miller: Editorial Board of Crystals
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Teaching and Education

Matthias Bickermann
Kristallziichtung I: Grundlagen und Methoden
Technische Universitat Berlin, Institute of Chemistry

Kristallziichtung II: Methoden und Anwendungen
Technische Universitat Berlin, Institute of Chemistry

Peter Gaal, Christian Heyn (Universitdt Hamburg
UHH), Guido Meier (UHH), Lars Tiemann (UHH)
Proseminar: Grundlagen nanostrukturierter Festkérper
Universitat Hamburg

Frank KieBling

Versuche und Messungen zu Kristallziichtung
und Kristallstrukturen
Schuler-Kristallographielabor an der
Lise-Meitner-Schule Berlin

Detlef Klimm

Phase Diagrams
Humboldt-Universitat zu Berlin,
Department of Chemistry

Christian Krankel, Tim Schroder (HU Berlin)
Humboldt-Universitat zu Berlin, Department of Physics

Martin Schmidbauer

X-Ray Scattering:

Basics and Applications in Materials Science
Humboldt-Universitat zu Berlin, Department of Physics

Thomas Schroéder, Ted Masselink (HU Berlin),
Roman Engel-Herbert (PDI)

New directions in electronics, optoelectronics and devices
Humboldt-Universitat zu Berlin, Department of Physics

Thomas Schréder, Radhakrishnan Sumathi,

Jens Martin

Grundlagen und Methoden der modernen Kristallziichtung
Humboldt-Universitat zu Berlin, Department of Physics
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