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SPINTECH
SPINTECH
(Grant Agreement number 810144)

“Boosting the scientific excellence and innovation capacity in spintronics of the D.
GHITU Institute of Electronic Engineering and Nanotechnologies of the Academy of
Science of Moldova"

Funding Scheme: Research and Innovation Action
Call: H2020-WIDESPREAD-2016-2017
Topic: H2020-WIDESPREAD-05-2017: Twinning
Duration: 36 Months (initially), 42 Months (after prolongation) 01.09.2018-28.02.2022

The main goal of the SPINTECH project, as it is written in the Grant Agreement
#810844, aims at boosting the scientific excellence and innovation capacity in
spintronics of the D. Ghitu Institute of Electronic Engineering and
Nanotechnologies (IEEN) through collaboration and staff exchange with two
highly experienced European partners: the University of Stockholm in Sweden
and the University of Twente in the Netherlands.

This two partners of the D.GHITU Institute of Electronic Engineering and
Nanotechnologies of Moldova, University of Twente and University of
Stockholm, have a long history of increasing excellence.

Stockholm University (SU)

Founded in 1878, Stockholm University is one of the largest universities in Scandinavia.
The institution is regarded as one of the world’s top 100 universities by the Academic
Ranking of World Universities (ARWU)" - whereas, in the Times Higher Education World
University Rankings (THE)? and in the QS World University Rankings®, the SU is among
the 200 universities in the world. SU has more than 70,000 students, 1,800 doctoral
students and 5,000 staff. The Condensed Matter and Quantum Optics Division of the
Department of Physics has a strong expertise in research in the field of hybrid
superconductor/ferromagnet devices for spintronic applications and development of
ultrasensitive nanocalorimetry methods. In particular, the Experimental Condensed
Matter Physics Group, started in February 2005, is focused on the study of mesoscopic
phenomena in condensed matter physics.

In their research, the Experimental Condensed Matter Physics Group is employing
mesoscopic superconducting elements and nanotechnology both for fundamental

! Academic Ranking of World Universities (ARWU)
2 Times Higher Education World University Rankings (THE)
3 QS World University Rankings
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research, which may challenge and expand principles of condensed matter physics, and
for applied research aiming at development of novel phase-coherent components for
future nanoelectronics and spintronics. The research areas span from
superconductivity, with emphasis on high temperature superconductors (HTSC), low
temperature physics, quantum electronics and spintronics, and nanotechnology.
Current research topics are: intrinsic tunnelling spectroscopy of HTSC, THz applications
of superconducting tunnel junctions, analysis of non-equilibrium effects in natural
atomic superlattices, study of hybrid superconductor/ferromagnet devices for
spintronic applications and ultrasensitive nanocalorimetric studies of electronic
properties of new superconductors.

University of Twente (UTWENTE)

University of Twente is one of the best universities of the Netherlands and is an
entrepreneurial university. Its research is highly regarded at both the national and
international levels, and is accommodated within very active research institutes
focused on nanotechnology, information technology, biomedical technology and
technical medicine, governance, behavioral sciences and geo-information science and
earth observation. The research institutes combine scientific excellence with a sharp
eye for knowledge valorization and social applications. They are highly successful in
generating spin-off businesses. The University has 3,300 scientists and other
professionals working together on cutting-edge research, innovations with real-world
relevance and inspiring education for more than 9,000 students. MESA+ is one of the
world’s largest nanotechnology research institutes. It is also the largest research
institute in this field in the Netherlands, having a total of 525 researchers. The
Interfaces and Correlated Electron systems group (ICE), which will be involved into the
project, is focuses on materials and interfaces with unconventional electronic
properties, especially related to interactions between the mobile charge carriers. Their
research aims at bridging fundamental studies with application-oriented ‘proof-of-
principle’ device developments. Most of the experimental research concentrates
around thin film samples, which are fabricated in house with advanced thin film
deposition and structuring techniques. The group is comprised of almost 40 people,
including 5 Prof. Drs, 10 PhD and 8 MSc students, as well as 6 post docs.

Moreover, UTWENTE has a strong track-record of spin-off companies based on the
results of research activities conducted at the University. In particular, the UTWENTE's
Institute for Nanotechnology MESA+ is the birthplace of more than 50 spin-offs. The
institute regularly organises Early Business Development workshops aimed at
encouraging researchers to commercialise the obtained results.

Coordinator of the project — D. GHITU Institute of Electronic Ingineering and
Nanotehnologies of Moldova (D. GHITU IE)

The D. GHITU Institute of Electronic Ingineering and Nanotehnologies of Moldova is a
leading scientific centre of the country, developing new research trends in material
science. In 2016 it was accredited by the Highest Accreditation Commission of Moldova
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(CNAA) as an “excellence research institute”. The organisational framework of D.
GHITU IE consists of 5 departments and 162 staff (70 engineers and 73 researchers, of
which 39 hold a Doctor of Sciences degree). D. GHITU IE’s research is focused on
investigation of physical processes and electronic transport in meso- and nanoscale
structures and their implementation for engineering of electronic devices and
functional systems. The areas of D. GHITU IE’s applied research include:

- Novel technologies of materials and solid state structures fabrication for engineering
of electronic devices and functional systems;

- Development of materials, structures and nanotechnologies, engineering of based on
them functional elements for smart devices, systems and electronic products;

- Electronic structures, sensors and devices for investigation of biophysical processes
under impact of non-ionizing non-thermal radiation (of GHz and THz waves) and high-
fidelity sensors for temperature and pressure measurement in industrial processes.
The project was carried out by the Cryogenic laboratory of D. GHITU IE, whose main
activities are the following:

- Development of different vacuum technologies for fabrication of superconducting
compounds, MgB2 films and superconductor/ferromagnet nanostructures, using MBE,
MOCVD, DC and RF magnetron sputtering.

- Experimental research of critical temperature, critical magnetic fields transport and
magnetic properties of superconducting layered nanostructures.

- Development of electronic devices for microelectronics and spintronics, sensors
designed for environment monitoring: air humidity, temperature, pressure, gases
concentration.

Simultaneously with working together with the project SPINTECH partners, University
of TWENTE and Stockholm University, D.GHITU IE has a long-term collaboration also
with several other European research centers: Max-Planck Institute Stuttgart
(Germany), Institute of Nanotechnology KIT Karlsruhe (Germany), University of
Augsburg (Germany), Loughborough University (UK), University of Amien (France),
University of Bordeaux (France), M.Lomonosov Moscow State University (Russia),
Kazan State University (Tatarstan) — that fruitful collaboration was a good support for
the project implementation.

To achieve the aims of the project during the 3,5 years of its realization, the
partners implemented a research and innovation strategy with the following 5
objectives:

Objective 1: Strengthen IEEN’s research excellence in spintronics.

¢ Objective 2: Enhance the research and innovation capacity of IEEN and the
Twinning partners.

* Objective 3: Raise the research profile of IEEN and the Twinning Partners.

¢ Objective 4: Contribute to the research and innovation priorities of Moldova.

* Objective 5: Support research and innovation on a European level.

In order to achieve these objectives, the consortium partners put into practice a
comprehensive set of measures via the project’s work packages, which included:



1. Short term staff exchanges (WP1);
2. Training workshops, 2 conferences, winter and summer schools (WP2);
3. Dissemination and outreach activities (WP3).

The overall concept of the SPINTECH project and its impacts are captured in the following figure:
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During the project implementation collaborators of all three organizations (IEEN
D.GHITU, UTWENTE and SU) participated in staff-exchange visits, training
workshops, winter- and sommer- schools, conferences and outreach activities:
From D.Ghitu Institute of Electronic Engineering and Nanotechnologies, Moldova,
IEEN “D.GHITU” — 32 persons:

Scientific collaborators: Prof. Anatolie Sidorenko, Prof. Feodor Muntaen, Dr. Alexander
Penin, Dr. Elena Condrea, Dr. Roman Morari, Dr. Andrei Prepelita, Dr. Lilia Bujor, Dr.
Evgheni Antropov, Dr. Gheorghe Para, Dr. Victor Cojocaru, Dr. Dmitrii Dvornicov, Dr.
Efim Zasavitchi, Dr. Alexander Belenciuc, Dr. Oleg Sapoval, Dr. Vladimir Fedorov, Dr.
Oleg Bujor, Engineers: Daniil Caraghenov, Igor Belotserkovschi, Tatiana Gutul, Vladimir
Smyslov, Elena Scutelnic, PhD students: Vladimir Boian, Anton lacunin, Victor Suman,
Maria Lupu , Master students: Cezar-Casian Malcoci, Andrei Sirbu,Vlad Topa, Cristian
Glodeanu, Diana Nirca, Igor Ceban, Dinu Sirbu.

From Uni-TWENTE, The Netherlands - 10 persons:

Prof. Alexander Golubov, Prof. Valerii Vinokur, Prof. Alexander Brinkman, Prof. Wilfred
van der Wiel, Prof. Hans Higenkamp, Dr. Vladimir Kogan, Dr. Igor Makhotkin, Dr.
Joachim Woitok, PhD students: Tairzan Karabassov, Pim Reith.

From Stockholm University, Sweden - 8 persons:


https://people.utwente.nl/r.l.bouwmeester
https://people.utwente.nl/d.h.wielens
https://people.utwente.nl/z.wu
https://people.utwente.nl/k.krijtenburg

Prof. Vladimir Krasnov, Dr. Taras Golod, Dr. Evgenii Borodianskyi, PhD students: Olena
Kapran, Liese Morlet-Decarmin, Alexey Kalenyuk, Razmik Hovhanissyan, Adrian lovan.

The official launch of the SPINTECH project took place on 20" September 2018 in
the Ministry of Education, Culture and Research of the Republic of Moldova.

On Photo: Kick-off meeting on 20.09.2018 (Coordinator of “SPINTECH”
Prof. A. Sidorenko, Minister Dr. M. Babuc, State secretary Dr. E. Belei)

On September 20th, 2018, the kick-off meeting for the SPINTECH project was held
on the premises of the Ministry of Education, Culture and Research in Chisinau.
The meeting saw the participation of Moldovan representatives of the project
Advisory Board as well as of the Moldovan Minister of Education, Culture and
Research Dr. Monica Babuc and the Secretary of State Dr. Elena Belei, who
congratulated the Project Coordinator Prof. Anatolie Sidorenko for the acquisition
of the project (Fig.1). The project received a total funding of 1 million € in the
framework of the Twinning call of the EU H2020 Widening work programme,
initially should have a total duration of 3 years (01.09.18 - 31.08.21), but was
extended for 6 month in 2020, till 28.02.2022 due to the COVID-pandemic
restrictions. As explained in his talk Coordinator of the project Prof. Sidorenko,
SPINTECH aims at boosting the scientific excellence and innovation capacity in
spintronics of the D. Ghitu Institute of Electronic Engineering and
Nanotechnologies (IEEN) through collaboration and staff exchange with two highly
experienced partners: the University of Stockholm in Sweden and the University of
Twente in the Netherlands, which at the meeting were represented by Prof.
Vladimir Krasnov and Prof. Alexander Golubov respectively. The implementation
plan for the SPINTECH was presented by Prof. Anatolie Sidorenko while the
general framework of the Twinning call was illustrated by Dr.Pepa Krasteva, EU
Project Officer responsible for project monitoring.

As it was mentioned, the overall aim of the SPINTECH project is to boost the scientific
excellence and innovation capacity in the field of spintronics — especially in the
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development of advanced technology for design and production of superconducting
spin-valves of the D. GHITU Institute of Electronic Ingineering and Nanotehnologies of
Moldova and its high-experienced Twinning partners: Stockholms Universitet in
Sweden (SU) and Universiteit Twente in the Netherlands (UTWENTE). To achieve this
aim during the 3,5 years of the project, the partners implemented a research and
innovation strategy with the following objectives:

Objective 1: Strengthen D. GHITU IE’s research excellence in spintronics.

Objective 2: Enhance the research and innovation capacity of D. GHITU IE and the
Twinning partners.

Objective 3: Raise the research profile of D. GHITU IE and the Twinning Partners.
Objective 4: Contribute to the research and innovation priorities of Moldova.

Objective 5: Support research and innovation on a European level.

Spintronics is a new, but a very important field of research and engineering exploiting
the influence of intrinsic electron spin on electrical transport. It is a rapidly developing
area that allows insight into fundamental spin-dependent physical properties and
exponentially expanding practical applications — such as the read head sensors for
hard drives and memory elements for computers of new generation — energy efficient
computers with non-von Neumnn architecture, the brain-like Artificial Neural Networks
(ANN). One of the main challenges in this field is the realization of spintronics based
device; in particular, there is intense research activity focused on combining
superconductivity and spintronics, to enhance device functionality and performance. In
this framework, the objective was to strengthen D. GHITU IE’s research excellence in
superconducting spintronics by focusing efforts on two sub-topics with the support of
the Twinning partners SU and UTWENTE:

1. Advanced vacuum technologies development for fabrication of layered
nanostructures for spintronics (D. GHITU IE and SU), and

2. Elaboration and testing of a superconducting spin-valve for switching and memory
elements (D. GHITU IE and UTWENTE)

For the achievement of that goals, the most important part of activities was staff-
exchange visits for the knowledge transfers. It was done according to the grant
agreement plan. The overview of that 3,5 years process is presented in the part 1
of this book.



1.1. Staff exchanges between D. GHITU IE and SU during Yearl.
From D. GHITU IE to SU (Current total: 8.8 person-months; Planned: 7 person-months)

Researcher

Start Date

End Date

Duration
[days]

Description

Roman Morari

01/11/201
8

31/12/201
8

61

Training on Clean Room,
SEM, lon beam etching,
nanostructure
manufacturing

Vladimir Boian

15/04/201
9

15/06/201
9

62

Training on equipment
and software available
at SU, development and
study of experimental
methods

Roman Morari

15/04/201
9

15/06/201
9

62

Research and study of
stepwise resistive
transitions in a zero
magnetic field on a
multilayer periodic
sample

Anatoli
Sidorenko

01/06/201
9

25/07/201
9

55

Training on
characterisation of
superconducting
properties of Josephson
junctions, dissemination
activities, project
management,
participation and
preparation of Jun 14
workshop.

Andrei
Prepelitsa

14/06/201
9

30/06/201
9

17

Training on focused ion-
beam lithography and
characterisation of
superconducting
properties of Josephson
junctions

Elena Condrea

10/06/201
9

17/06/201
9

Training on
characterisation of
superconducting
properties of Josephson
junctions, participation
and preparation of Jun
14 workshop.
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During Year 1, training and education of D GHITU IE researchers were focused on
activities related to the individual objectives towards advanced vacuum technologies
development for fabrication of layered nanostructures for spintronics (Sub-topic 1). As
stated in the DoA, all staff exchanges followed the tasks previously detailed during the
first year (M1-12) of SPINTECH project between D GHITU and SU.

In details the result — information and knowledge gained by the IEEN researchers
during that visits is presented below.

R. Morari (01/11/2018 —31/12/2018)

Objectives of the exchange visit done:

1. Clean Room study.

2. Learning the technology of preparing a multilayer sample and obtaining a pattern on
its surface using positive photoresist.

3. To study in detail the etching process, as well as the types of etching by chemically
active plasma.

4. Study of the technology of precision etching of the material with nanometer
accuracy using a focused ion beam (FIB) process.

5. Using the knowledge gained, to prepare several structures of the Josephson junction
according to planar technology and to measure the structures obtained at low
temperatures in external magnetic fields.

Activities performed during the exchange visit:

1. The process of projection exposure with a resolution of up to 5 microns in fully
manual and semi-automatic mode was studied and mastered.

2. The technologies of reactive-ion selective etching in a gas mixture of CF4: 02 and
ion-plasma in Ar + were studied in detail using the “ICP / RIE Oxford Plasmalab System
100” in Institute of Alba Nova Physics, Stockholm. In the process of etching, methods
for controlling the thickness of the etched material were studied, as well as methods
for combating the subduing of the photoresist. The installation is controlled in a fully
automatic mode, which minimizes the interaction of the operator with hazardous
chemical compounds.

3. Practical skills were obtained on the FEI Nova 200 Dual Beam, equipped with a
scanning electron microscope and a focused ion beam for precision etching of the
material with nanometer accuracy. The ions, a Ga + source is used here. Thanks to the
unique manipulator, the sample can rotate in all three planes and lock in any position
without drift and critical vibrations. This equipment allows not only with nanometer
accuracy to be positioned on the surface of the sample, but also to etch in clearly
selected places without damaging adjacent areas. This unique opportunity was actively
used in the preparation of Josephson junctions based on Nb / Co / Nb layered
structures, where the electric current was passed through the cobalt ferromagnetic
layer, and the electrical isolation of niobium was achieved by etching it from the end of
the structure.

4. The structures of planar Josephson junctions based on Nb / Co / Nb films were
obtained for further study of the behavior of the critical current in external magnetic
fields.
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5. Skills were obtained on complex cryogenic equipment assembled on the basis of the
‘He3 / He4 Oxford Cryo System” dissolution refrigerator. The skills of assembling
samples with nanoscale structures, preventing the formation of static electricity and
unwanted discharges were worked out. Experience was gained in measuring the
currents in the nano-ampere range, using electric filters to filter out spurious signals
induced such as radio waves, power line noise, and many others; as well as the use of
PXI-type wanted signal amplifiers. Here, | also made changes in the monitoring
measurement program to add the ability of the remote control of the magnetic field,
which made it possible to perform round-the-clock measurements regardless of the
presence in the laboratory.

V. Boian (15/04/2019 - 15/06/2019)

At the University of Stockholm samples have been prepared (with the help of the
Magnetron Z — 400), they had been processed according to a certain technological
algorithm in order to be physically available for subsequent measurements. In order for
the sample to be passed through the technological algorithm it is usually cut to
5mmx5mm. With the help of “Klayout 0.25.8” software, a special profile is drawn
which is later printed (the method called “Lithography”) on our sample. This profile
appears differently from case to case depending on the purpose of the experiment and
the accumulation of data as needed. Then we put the sample on the spinner
(installation capable of rotating the sample) - the rotations start up to 4000 rpm, and
the photoresist $1818 or S1813 is pipetted, after 1 min. rotations on the sample remain
1.8 um thick photoresist, after which the sample is deposited on the electrical network
and "baked" for 1 min at 100 ° C: At Smart Print, the negative is made on our sample
and then we soak in the developer ME - 319 and hold the sample in it for 30 - 45
seconds until we notice that the sample has been cleaned and only our profile drawn
using Klayout 0.25.8 software remains, if the sample cleaned it is necessary to wash it
with H20 and blow it with N2.

The next technological step is: Engraving. In this process, the "eating" of the layers up
to Si, Si203 takes place. When the sample gets the proper look it is glued to FOMBLIN
RT 15 usually reads 4 samples on the rolling support of the PLASMALAB SYSTEM 100
installation.

We introduced the samples in CryeRIE where their cooling takes place to -50C for 10
minutes, after which the recording in the atmosphere of Ar takes place. For each
material there are engraving recipes so depending on the thickness of the layers, the
material and their number we calculate the total time of engraving not before
calibrating the installation after time. After finishing the engraving process, the sample
is heated to room temperature, so it is possible to work with the sample further. An
important step in deciding that the sample was etched up to the Si or Si203 crystal is to
verify the sample thickness in the Profilometer.

When the sample is ready, we proceed to attach it to the PCB port and the attachment
is made using the BF6 glue. After fixing the crystal on the PSB port, the next
technological step is the microcabling. When the microcabling is finished, this PCB port

12



is mechanically fixed to the socket that is introduced into the cryostat and then makes
the electrical connection of the cryostat with our crystal (sample):

In the end - our sample of permanently processed crystal is introduced in the
installation called: cryogenic installation. In the cryogenic installation our sample is
cooled up to 0,4K, after which the scientific research program is carried out.

During this period (15.04.19 - 15.06.19) exchange of experience at AlbaNova University
- Stockholm, | studied the magnetic software - OOMMF - Object Oriented
MicroMagnetic Framework (Self-Magnetic Structure). This software proposes:

. Automatic saving of scalar and vector fields.

. Presents the previous values of the scalar outputs.

. Displays the vector fields.

. Displays X-Y charts.

. View and edit problem for: mmSolved2D or Oxsii.

. Solve X-Y planar problem.

. Solve 3D space problem.

The software — “OOMMF works very stable and error free if it is installed on the Linux
operating system.

Conclusion: The planned works for the study and development of the experimental
methods developed at the University of Stockholm have been entirely completed -
during the daily work in the university laboratories, as well as during the training
workshop held on 14 June 2019 and to which | took part.

R. Morari (15/04/2019 - 15/06/2019)

Objectives: Research and study of stepwise resistive transitions in a zero magnetic field
of a multilayer periodic sample.

Work done: Samples were prepared by magnetron deposition (Leybold Z-400 model) at
room temperature and argon atmosphere (purity more than 99.999%, working
pressure 8 x 10-3 mbar). The residual pressure in the spray chamber before deposition
was about 2 x 10-6 mbar. The film deposition substrates (25 x 25 mm2) were cut from
a commercial silicon (111) oriented plate. To prepare the structures, two sputtering
targets were used: niobium with a purity of 99.99% and cobalt with a purity of 99.95%.
Each type of SFS sample was prepared in one pass without pressure drop in the
chamber. The growth rate of Nbis 3 nm /s, Co- 0.1 nm / s. For the measurement, we
prepared several types of samples; the list is presented below. The list of samples
presented in the work:

- Si-Sub // Nb (50) / Co (1.5) / Nb (8) / Co (2.5) / Nb (8) / Si-Cap, abbreviated notation:
S- (F1S2F2S2) #1;

- Si-Sub // Nb (50) / 3X [Co (1.5) / Nb (6) / Co (2.5) / Nb (6)] / Co (1.5) / Nb (6) / Si-Cap,
abbreviated notation: S-SL3 (F1S2F2S2) -F1S2 # 3;

- Sa-Sub // Nb (150) / 3X [Co (1.5) / Nb (8) / Co (2.5) / Nb (8)] / Co (1.5) / Nb (250,
abbreviated notation: S-SL3 (F1S2F2S2) -F1S # 1

In addition, test films were prepared from a single niobium film (thickness greater than
200 nm) to calibrate the rate of reactive ion etching of the samples. The etching
technology of S/ F / S and test samples differs only in an additional step for argon-

NOoO s, WN R
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plasma removal of the intermediate cobalt layer. To create a pattern on the surface of
Nb test films, we used the standard photoresist exposure technology (51813) through a
UV projector and the corresponding mask. To etch Nb samples, we used the Cryo RIE
Albanova facility (KTH, Stockholm, Sweden). You will find the main details in the list:

- Gas mixture (CH4: 02 = 20: 1): CH4 - 40.0 units / 02 - 2.0 units;

- Gas pressure during the process: 80.0 mTorr;

- HF generator: 55 W;

- Plasma generator with inductive coupling: 200 W;

- Temperature: 300C.

After one minute of etching, the test samples were purified in acetone using an
ultrasonic bath at room temperature for 3 minutes and dried in a stream of pure
nitrogen. Etched niobium steps on the test samples were measured using a standard
profiler setup, in the cantilever movement mode from the thicker side of the niobium
to the thinner one. The obtained diagram shows the average result (measured at 6 or
more different points) of the etching of the Nb test film for two types of substrates
used as a sample holder - double-polished sapphire and quartz for two cases: with
thermal paste (for better heat dissipation) and without.

The intermediate layer of Co was removed in an atmosphere of pure Ar at room
temperature without forced cooling using liquid nitrogen. Thermal grease was applied
in a thin layer between the sample and the holder substrate to prevent hard baking of
the photoresist during the etching process. As can be seen from fig. 1 - heat transfer
paste does not significantly affect the etching rate of the Nb film, therefore, we applied
it at the very beginning of the process and the samples were etched from beginning to
end without unnecessary actions and depressurization of the chamber. The main
details of co-etching are listed below:

- Gas: pure Ar;

- Gas pressure during the process: 7.0 mTorr;

- HF generator: 300 W;

- Etching time: 5 min.

As noted, an ultrasonic bath was used to remove unexposed photoresist. In the case of
hard calcination of the photoresist, the samples were purified in oxygen plasma for 5
min at an RF power of 100 W.

A sample glued to the contact pad with printed contacts; the contact pad with the
sample is attached to the sample holder; the sample holder is fixed to the transport
stand of the cryogenic chamber; assembly work of the entire structure.

The subsequent manipulations with the sample shows: a fresh sample is fixed with glue
on special contact pads for subsequent desoldering and installation of current-carrying
microwires using microwelding. The resulting circuit is attached to the sample holder,
which must be moved inside the cryogenic installation for measurements. The
movement is carried out using a brass tripod through a system of valves that ensure
the closure and tightness of the measuring system.
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Conclusions: During this working visit, we studied the manufacturing technology of a
planar Josephson junction from a pre-prepared film structure based on
superconducting niobium layers, as plates, and ferromagnetic pure cobalt.

In order to simplify the technology of ionic and chemical etching, independent
experiments were conducted on the selection of parameters and materials for coarse
etching of S/ F / S film preforms of future nanostructured samples with a photoresist
pattern. A number of own recommendations were developed here to simplify and seal
the process.

Three-step superconducting transitions related to domain superconductivity were
discovered for the first time in structures with triple repetition of [S2 / F1/S2 / F2] - an
integral part of the SL3 (F1S2F2S2) -F1S2 type supercross.

In this work, for the first time, we have shown the possibility of successful integration
of superlattice structures based on thin films of ferromagnets and non-
superconducting metals into superconducting Josephson junctions based on niobium
films. The use of superlattice structures with two sets of coercive forces as a layer
between superconducting electrodes makes it possible to additionally influence the
sample and more “smooth”, adjustable and reproducible adjustment of the main
conductive properties of the Josephson junction using an external magnetic field. Due
to the combination of high magnetosensitivity of the structure, energy efficiency and
the performance of superconducting Josephson junctions, our system can be used as
the basis for future elements in the field of superconducting calculations and quantum
control systems.

A. Sidorenko (01/06/2019 — 25/07/2019)

Planned for working visit:

1. Coordination of the research work of the Moldavian team in frame of the staff-
exchange, planned for the period 15.04.2019 — 25.07.2019

2. Organization and participation in Working meeting and Training workshop in SU.

3. Editing of the book for SPINGER-edition.

4. Discussion of the obtained results of measurements of parameters of SFS-
nanostructures and Josephson junctions.

According to the plan of the working visit, the following activities were performed:

1. Organisation and participation working meeting and training, at Stockholm
University on 14.06.2019 (the program and list of participants with their signatures are
attached).

2. Preparation and delivery of a presentation on “Advanced methods of nanostructures
fabrication”.

3. Coordination of the research work of Vladimir Boian (worked in SU 15.04-
15.06.2019), Roman Morari (worked in SU 15.04-15.0 6.2019), Elena Condrea (worked
in SU 10.06-17.06.2019), and Andrei Prepelita (worked in SU 14.06-30.06.2019) —
elaborated for their research “Working plan” and evaluation of the implementation of
the plan and discussion of obtained results.

4. Preparation of the book for Springer edition: “Functional Nanostructures and
Sensors for CBRN Defence and Environmental Safety and Security”, editors: Horst Hahn
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and Anatolie Sidorenko. The final manuscript of the book, containing 20 chapters, was
finalized in Stockholm during this staff-exchange visit.

Conclusion: During the working visit in frame of the SPINTECH project in Stockholm
University, Prof. A. Sidorenko learned advanced methods for the investigation of
superconducting properties of Josephson junctions, which will be implemented in D.
GHITU IE in Chisinau.

A. Sidorenko also finalized the book preparation and sent the manuscript to SPRINGER
Edition. He also coordinated the research work of 5 researchers from IIEN, working in
the framework of staff-exchange visits in SU.

A. Prepelitsa (14/06/2019 — 30/06/2019)

Planned for working visit: Participation in Training workshop. Study of the FIB-
lithography. Preparation of Josephson Junctions from layered SFS structures. Study of
methods for Josephson junctions characterization. Measurements of parameters of
SFS-Josephson junctions.

According to the plan of the working visit, the following activities were performed:

1. Participation in the Training Workshop in Stockholm University on 14.06.2019,
listening to the lectures about modern advanced methods of nanostructures
fabrication, characterization and investigation.

2. Training on methods of nano-sized samples preparation — Focusing lon Beam
lithography (FIB). | have learned this method from Dr. Taras Golod in Stockholm
University, who gave lectures about FIB-method at the Training on 14.06.2019. On
17.06.19 | have discussed peculiarities of this method with Dr.Golod, and on 18.06.19
and 19.06.19 participated in preparation of the nano-sized SFS-Josephson junctions,
using FIB —installation with Dr. Golod, under his supervision, in “clean room” of SU.

3. On 18.06-20.06.2019, preparation of electrical contacts to the SFS-Josephson
junction, made from layered nanostructure
“Substrate/Nb150nm/(Col1,5nm/Nb8nm/Co2,5nm/ Nb8nm/Co2,5nm)3 periods
/Co1,5nm/Nb150nm “— with Dr. Golod, using the bonding-machine, and placed the
prepared sample in the sample-holder for measurements.

4. Training on advanced methods of S-F-S Josephson junction characterization — under
supervision of Dr. Taras Golod and Prof. Anatolie Sidorenko:

a) cryostat with superconducting solenoid for generation of magnetic field up to 8
Tesla, connected with the automated measuring system — measurements of the |-V
characteristics for S-F-S Josephson junction;

b) “Shluise-system” with pipeline for evacuation of the sample holder - for rapid
change and introduction of the sample-holder in the cold part of the cryostat.

5. During 21.06.19-28.06.measurement of |-V characteristics of the Josephson junction.
Conclusion: During the working visit in frame of the Staff-exchange of the SPINTECH
project, in Stockholm University, A. Prepelitsa learned two new methods:

- focusing ion beam lithography;

- advanced methods of Josephson junctions characterization.

I-V characteristics in zero magnetic field and in applied external magnetic field of S-F-S
Josephson junctions were investigated. The obtained results will be treated and fitted
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for comparison with the theory of Kupriyanov-Klenov-Bakursky-Soloviev for
preparation of publication.

E. Condrea (10/06/2019 — 17/06/2019)

Planned for working visit:

1. Participation in Training workshop

2. Study of advanced methods for Josephson junctions characterization.

3. Discussion of the obtained results of measurements of parameters of SFS-Josephson
junctions.

According to the plan of the working visit, the following activities were performed:

1. Participation in the Training Workshop at Stockholm University on 14.06.2019,
listening to the lectures about modern advanced methods of nanostructures
fabrication, characterization and investigation of superconducting parameters of
layered nanostructures and Josephson junctions.

2. Presentation “Bi Wires: properties in high magnetic field and under deformation”
during the Training Workshop

3. Learning the modern method of investigation of superconducting samples and the
Josephson junctions characteristics measurement, and discussed the results of
investigation of S-F-S Josephson junctions.

Conclusion: During her working visit in frame of the Staff-exchange of the SPINTECH
project in Stockholm University, E. Condrea learned advanced methods of
superconducting properties of Josephson junctions investigation, which will be
implemented in the Cryogenic Laboratory of D. GHITU IE in Chisinau.

1.2. Staff exchange from SU to D. GHITU IE: Researcher Activities

Researcher Start Date | End Date | Duration | Description

[days]
Vladimir 04/03/201 | 30/03/20 | 26 Training on advanced
Krasnov 9 19 vacuum technologies,

dissemination and
outreach activities, project
management, participation
to Mar 5 workshops.

V.M. Krasnov (04/03/2019 — 30/03/2019)

During that visit Prof. V.M. Krasnov has participated in organization of the Working
Meeting and Training Workshop (05-06 March 2019, in Chisindu, Moldova). He
participated in discussions with young researchers from D. GHITU IE and leading
scientists from several Institutes of the Academy of Sciences of Moldova, participated
in Training Workshop (Institute of Applied Physics, Institute of Mathematics, Institute
of Chemistry). Together with project partners, he participated in the TV program
“Stiinta si Inovare” on Moldova 1, explaining the goals of the SPINTECH project and the
reasons of collaboration with Moldova in superconducting spintronics. Together with
Prof. A. Sidorenko and Prof. A.A. Golubov, he made a presentation for students of N.
Gogol Physics and Mathematics Gymnasium N37 of Chisindu, in which he presented
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perspectives and challenges meeting young researchers in the beginning of their
career. During this stay V. Krasnov visited Institute of Electronic Engineering and

Nanotechnologies and

learned new advanced vacuum technology for layered

nanostructures fabrication, elaborated and patented by D. GHITU IE.

1.3. Staff exchanges between D. GHITU IE and UTWENTE during Year 1
From D. GHITU IE to UTWENTE (Current total: 2.8 person-months; Planned: 6 person-

months)
Researcher Start Date | End Date Duration Description
[days]

Anatoli 28/10/201 | 10/11/201 | 14 Training on SQUID

Sidorenko 8 8 microscopy,
dissemination
activities, project
management

Evghenii 03/11/201 | 10/11/201 | 8 Training on SQUID

Andropov 8 8 microscopy,
attendance to lectures

Anatoli 31/07/201 | 30/08/201 | 31 Training on SQUID

Sidorenko 9 9 microscopy,
dissemination
activities, project
management,
participation to Aug 27
workshop.

Evghenii 31/07/201 | 30/08/201 | 31 Training on SQUID

Andropov 9 9 microscopy,

dissemination
activities, participation

to Aug 27 workshop.
1.4. staff exchange from UTWENTE to D. GHITU IE
Current total: 0.9 person-months; Planned: 4 person-months
Researcher Start Date | End Date Duration Description
[days]
Alexander 04/03/201 | 30/03/201 | 26 Training on advanced
Golubov 9 9 vacuum technologies,

dissemination and
outreach activities,
project management,
participation to Mar 5
workshops.
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1.5. Description of the education, training and knowledge exchange during year 1
During Year 1, the visits, training and education of D GHITU IE researchers were
directed to the activities related the objectives “Elaboration and testing of a
superconducting spin-valve for switching and memory elements” (research sub-topic
2). As stated in the DoA, all staff exchanges followed the tasks previously detailed for
the first year (M1-12) of SPINTECH between D GHITU and UTWENTE.

Education in methods of design and optimization of spintronic devices

¢ Training in high-resolution SQUID-magnetometry.

¢ Knowledge exchange in principles and methods of low temperature physics.

Between M1-12, DGHITU IE researchers who travelled to UTWENTE expanded their
knowledge in several aspects of Research subtopic 2. They were trained in the
principles of high-resolution SQUID microscopy and SQUID-microscope design, as well
as the advanced methods of magnetic structures characterization and the methods of
SQUID-microscopy developed in UTWENTE for characterization of layers and
nanostructures of spin-valve. During their exchange visits to Moldova, UTWENTE
researchers have learned from D.GHITU IE about the advanced vacuum technologies,
elaborated in IE for thin films, nanostructures and layered magnetic metamaterials
fabrication for spin-valve design.

The following section illustrates the work performed of the researchers from D.GHITU
IE and UTWENTE during their exchanges. Each staff visit is detailed with the planned
objectives and demonstrates the work carried out to achieve these items.

1.6. From D. GHITU IE to UTWENTE: Researchers activities

A. Sidorenko (28/10/2018 — 10/11/2018)

During the staff-exchange visit of the University of TWENTE (31.07.2019-30.08.2019),
A. Sidorenko gained knowledge about novel methods of magnetic properties
investigation using a specific SQUID-microscope, a unique piece of equipment
developed by the laboratory of Prof. Alexander Golubov at UTWENTE. Together with A.
Golubov, A. Sidorenko identified some important international conferences for
participation during the first year of the project and discussed the content of
workshops and trainings to be organized during the first year of the project (in
Chisinau, 03-05 March 2019, in Stockholm University in June 2019, and in University of
TWENTE in August 2019).

Together with Prof. A. Golubov and Prof. A. Brinkman, A. Sidorenko discussed the new
results of investigation of superconducting nanonostructures for preparation of the
draft of mutual publication- the chapter for “SPRINGER” book.

E. Andropov (03/11/2018 — 10/11/2018)

During the staff-exchange visit 03.11-10.11.2018 at UTWENTE, E. Andropov: (i) learned
the design, parameters and possibilities of the unique installation — SQUID-microscope
in the laboratory of Prof. Alexander Golubov; (ii) listened to lectures of Prof. Golubov in
his laboratory about Spintronics and possible applications of the hybrid nanostructures
Superconductor-Ferromagnet; and (iii) prepared the working plan for his next visit for
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year 2019 and his participation in the organization of the SPINTECH-conference in
Chisinau in 2019.

A. Sidorenko (31/07/2019 — 30/08/2019)

During the staff-exchange visit of the University of TWENTE (31.07.2019-30.08.2019),
A. Sidorenko gained further knowledge about novel methods of magnetic properties
investigation using the SQUID-microscope, a unique piece of equipment developed by
the laboratory of Prof. Alexander Golubov at UTWENTE.

Also, together with staff at UTWENTE, A. Sidorenko elaborated the content and the
program of the first international conference in frame of the project, to be organized in
Chisindu (MD) at D. GHITU IE (SPINTECH -“NANO-2019: Limits of Nanoscience and
Nanotechnologies”, 24-27.09.2019) and of the first summer school (“SPINTECH
Summer school “S/F Hybrid Structures for Spintronics”, 27-30 September 2019,
Chisinau, Moldova.) Finally, A. Sidorenko discussed with Prof. Golubov and Prof.
Vinokur the new results of the investigation of SF-hybrid obtained during the staff-
exchanges of D. GHITU IE staff (namely, A. Sidorenko, A. Prepelitsa, E. Condrea, R.
Morari and V. Boian) during the period April — July 2019 at SU. Drafts of mutual
publications and presentation for the “SPINTECH -NANO-2019” conference were also
prepared.

E. Andropov (31/07/2019 - 30/08/2019)

During the visit 31.07-30.08.2019 at UTWENTE E. Andropov learned methods of
magnetic properties investigation of layered Superconductor-Ferromagnet hybrid
structures and Josephson junctions in the installation — SQUID-microscope, elaborated
in Twente University. He has measured characteristics of the Josephson d-wave/s-wave
junctions fabricated from d-wave superconductor YBa2Cu307-x (YBCO) and s-wave
MoRe - alloy superconductor on the buffered MgO substrates. Basing on the results of
this measurements, made together with member of the UTWENTE-team, Dr. Mikhail
Faley, prepared the abstract for the publication “Josephson junctions and pi-loops
based on MoRe/YBa2Cu307-x". The abstract of the report will be presented at the
SPINTECH- conference ,,NANO-2019” in Chisinau, 24-27 September 2019. Also, E.
Andropov participated in the Training Workshop “Magnetic properties investigation of
SF-hybrid nanostructures”, on 27 August 2019, at the University of Twente.

1.7. From UTWENTE to D. GHITU IE: Researcher Activities

A.A. Golubov (04/03/2019 - 30/03/2019)

During his stay in Moldova, Prof. A.A. Golubov helped organizing the Working Meeting
and Training Workshop of 05-06/03/2019, in Chisindu (MD), with participation of
young researchers from Moldova and leading scientists from Institutes of the Academy
of Sciences (namely, Institute of Applied Physics, Institute of Chemistry, Institute of
Mathematics) and Technical University of Moldova. Together with project partners, he
participated in the TV program “Stiinta si Inovare” on Moldova 1, explaining the goals
of the SPINTECH project and the reasons of collaboration with Moldova in
superconducting spintronics. Together with Prof. A. Sidorenko and Prof. V. Krasnov, he
gave a presentation of project SPINTECH to the students of the physico-mathematical
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Gymnasium N37 (N. Gogol) of Chisinau. Finally, during his stay, Prof. Golubov learned a
new advanced vacuum technology for layered nanostructures fabrication, elaborated
and patented by D. GHITU IE.

1.8. Publications (year 1)

During Year 1, each SPINTECH consortium member has disseminated results related to
the project’s scientific themes. A list of journal articles acknowledging SPINTECH
funding is reported below and include links to Open Access repository copies. In
addition, several presentations (talks and/or posters) were given at international
conferences and workshops. Details of these activities can be found in D2.1 (“Year 1
Report on Training Workshops, Conferences and Summer Schools”, M12, UTWENTE).

1. Planar Superconductor-Ferromagnet-Superconductor Josephson Junctions as
Scanning-Probe Sensors. T. Golod, O.M. Kapran, and V.M. Krasnov. Phys. Rev. Applied
11, 014062 (2019). https://arxiv.org/abs/1806.05582.

2. Periodic Co/Nb pseudo spin valve for cryogenic memory. N. Klenov, Y. Khaydukov, S.
Bakurskiy, R. Morari, I. Soloviev, V. Boian, T. Keller, M. Kupriyanov, A. Sidorenko, and B.
Keimer. Beilstein J. Nanotechnol. 10, 833-839 (2019).
https://arxiv.org/abs/1809.10165.

3. Interplay of Magnetization Dynamics with a Microwave Waveguide at Cryogenic
Temperatures. I.A. Golovchanskiy, N.N. Abramov, M. Pfirrmann, T. Piskor, J.N. Voss,
D.S. Baranov, R.A. Hovhannisyan, V.S. Stolyarov, C. Dubs, A.A. Golubov, V.V. Ryazanov,
AV. Ustinov, and M. Weides. Phys. Rev. Applied. 11, 044076 (2019).
https://arxiv.org/abs/1902.07566.

4. Memory-functionality superconductor/ferromagnet/superconductor junctions based
on the high-Tc cuprate superconductors YBa2Cu307-x and the colossal
magnetoresistive manganite ferromagnets La2/3X1/3Mn03+6 (X = Ca, Sr). R. de Andrés
Prada, T. Golod, O. M. Kapran, E. A. Borodianskyi, Ch. Bernhard, and V. M. Krasnov.
Physical Review B 99, 214510 (2019). https://arxiv.org/abs/1904.03951

5. Effects of the phase coherence on the local density of states in superconducting
proximity structures. S.-l. Suzuki, A.A. Golubov, Y. Asano, Y. Tanaka. Physical Review B
(submitted). https://arxiv.org/abs/1903.04178.

6. Ferromagnet/Superconductor Hybrid Magnonic Metamaterials. I.A. Golovchanskiy,
N.N. Abramov, V.S. Stolyarov, P.S. Dzhumaev, O.V. Emelyanova, A.A. Golubov, V.V.
Ryazanov, AV. Ustinov. Adv. Sci. 6, 1900435 (2019).
https://publikationen.bibliothek.kit.edu/1000096684.

2.1. Staff exchanges between D. GHITU IE and SU during Year 2
From SU to D. GHITU IE (Current total: 0.87 person-months)

Researcher Start Date | End Date Duration | Description
[days]
Kapran Olena 22/09/201 | 30/09/201 |9 Study of the advanced
9 9 vacuum technology,
elaborated in IEEN;
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participation in NANO-
2019 conference;
participation in Summer-
school 27-30 September
2019 as scholar

Borodyanski
Evgenii

22/09/201
9

30/09/201
9

Study of the advanced
vacuum technology,
elaborated in IEEN;
participation in NANO-
2019 conference;
participation in Summer-
school 27-30 September
2019 as scholar

Krasnov
Vladimir

23/09/201
9

30/09/201
9

Study of the advanced
vacuum technology,
elaborated in IEEN;
participation in NANO-
2019 conference;
participation in Summer-
school 27-30 September
2019 as lecturer.

2.2. Staff exchanges between D. GHITU IE and UTWENTE during Year 2
From D. GHITU IE to UTWENTE (Current total: 4.67 person-months)

Researcher Start Date | End Date Duration | Description
[days]
Sidorenko 15/12/201 | 12/01/202 29 Study of the SQUID-
Anatolie 9 0 microscopy methodology
Sidorenko 22/02/202 | 14/03/202 | 22 Finalization together with
Anatolie 0 0 Prof. A.Golubov the
SPRINGER book for
publication.
Antropov 16/02/202 | 14/03/202 | 28 Study of the SQUID-
Evgheni 0 0 microscopy equipment
and experimental metods
Sidorenko 02/07/202 | 31/08/202 | 61 Study of the novel
Anatolie 0 0 methods of layered

nanostructures
characterization - SQUID
microscopy for their
implementation in the
IEEN. Investigation of the
magnetic properties of
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S/F hybrid nanostructures
using SQUID.

2.3. Staff exchanges from UTWENTE to D. GHITU IE (Current total: 2.7 person-
months)

Researcher Start Date | End Date Duration | Description
[days]
Golubov 18/01/202 | 10/02/202 | 24 Study of the advanced
Alexander 0 0 vacuum technology,
elaborated in IEEN;
Golubov 08/03/202 | 28/03/202 | 21 Study of the advanced
Alexander 0 0 vacuum technology,

elaborated in IEEN;
Discussion of the results
of measurement of
magnetic properties of
the S/F samples obtained

in January 2020
Golubov 04/07/202 | 09/08/202 | 36 Elaboration of the novel
Alexander 0 0 method of the S/F -

interface transparency
determination. Teaching
of the IIEN team
members in novel
methods of the
parameters estimation of
superconducting
switching elements.
Organization of the
training workshop in IIEN.

2.4. Publications (year 2)

During Year 2, each SPINTECH consortium partner has disseminated results related to
the project’s scientific topics. A list of journal articles acknowledging SPINTECH funding
is reported below and includes links to Open Access repository copies. In addition,
several presentations (talks and/or posters) were given at international conferences
and workshops. Details of these activities can be found in the deliverable D2.2 “Year 2
Report on Training Workshops, Conferences and Summer Schools”.

2.5. Books:

1. SIDORENKO Anatolie, HAHN Horst (the editors). Functional Nanostructures and
Sensors for CBRN Defence and Environmental Safety and Security. Springer, Dordrecht,
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2020, 320 p., DOI https://doi.org/10.1007/978-94-024-1909-2; ISBN 978-94-024-1908-
5.

2.6. Chapters in books:

1. Alexander Penin, Anatolie Sidorenko. Transmission of Two Measuring Signals by an
Invariant Property of Three Wire Communication Lines. Pages 65-82, In: SIDORENKO
Anatolie, HAHN Horst (the editors). Functional Nanostructures and Sensors for CBRN
Defence and Environmental Safety and Security. Springer, Dordrecht, 2020, 320 p., DOI
https://doi.org/10.1007/978-94-024-1909-2; ISBN 978-94-024-1908-5

2. B. B. Banduryan, M. I|. Bazaleev, V. F. Klepikov, V. V. Lytvynenko, V. E. Novikov, A. A.
Golubov, A.S.Sidorenko. IR-Sensors and Detectors of Irradiation Based on Metal
Folis.Pages 83-88. In: SIDORENKO Anatolie, HAHN Horst (the editors). Functional
Nanostructures and Sensors for CBRN Defence and Environmental Safety and Security.
Springer, Dordrecht, 2020, 320 p., DOI https://doi.org/10.1007/978-94-024-1909-2;
ISBN 978-94-024-1908-5

3. A. Sidorenko, I. Rastimesina, O. Postolachi, V. Fedorov, T. Gutul, A. Vaseashta. The
Toxic Effect of Trifluralin on Soil Microorganisms in the Presence of FeO/PVP
Nanoparticles. Pages 113-123. In: SIDORENKO Anatolie, HAHN Horst (the editors).
Functional Nanostructures and Sensors for CBRN Defence and Environmental Safety
and Security. Springer, Dordrecht, 2020, 320 p., DOI https://doi.org/10.1007/978-94-
024-1909-2; ISBN 978-94-024-1908-5

4. M. Pajewska-Szmyt, R. Gadzata-Kopciuch, A. Sidorenko, Bogustaw Buszewski. Smart
Surface with Ferromagnetic Properties for Eco- and Bioanalytics. Pages 195-205. In:
SIDORENKO Anatolie, HAHN Horst (the edotors). Functional Nanostructures and
Sensors for CBRN Defence and Environmental Safety and Security. Springer, Dordrecht,
2020, 320 p., DOI https://doi.org/10.1007/978-94-024-1909-2; ISBN 978-94-024-1908-
5.

5. Ashok Vaseashta, Gheorghe Duca, Elena Culighin, Oleg Bogdevici, Surik
Khudaverdyan, Anatolie Sidorenko. Smart and Connected Sensors Network for Water
Contamination Monitoring and Situational Awareness. Pages 283-296. In: SIDORENKO
Anatolie, HAHN Horst (the editors). Functional Nanostructures and Sensors for CBRN
Defence and Environmental Safety and Security. Springer, Dordrecht, 2020, 320 p., DOI
https://doi.org/10.1007/978-94-024-1909-2; ISBN 978-94-024-1908-5.

6. Boguslaw Buszewski, Viorica Railean Plugaru, Pawel Pomastowski, Anatoli
Sidorenko. Silver Nanoparticles: Synthesis, Characteristics, and Application. pages 432-
449. In: Handbook of Research on Emerging Developments and Environmental Impacts
of Ecological Chemistry. Gheorghe Duca and Ashok Vaseashta (The editors), Global,
Hershey, PA USA, 649 pages. ISBN13: 9781799812418, ISBN10: 1799812413, EISBN13:
9781799812432, DOI: 10.4018/978-1-7998-1241-8

2.7. Articles:
1. Vakhrushev, A.V.; Fedotov A.Yu.; Savva Yu.B.; Sidorenko A.S. The simulation of
processes for forming a superconductor spin valve based on the “superconductor-
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ferromagnetic” nanostructure. Chemical Physics and Mesoscopic. 2019, 21, 362-374.
doi: 10.15350/17270529.2019.3.38

2. Sidorenko A.S.; Boian V.; Savva Yu.B.; Fedotov A.Yu.; Vakhrushev, A.V. Functional
nanostructures superconductor-ferromagnet for spintronics. Proceedings of the
International Symposium Nanophysics and Nanoelectronics. 2020, 1, 114-115

3. Vakhrushev A.V.; Fedotov A.Yu.; Savva Yu.B.; Sidorenko A.S. Modeling the processes
of atom structure formation of a superconducting spin valve. PNRPU Mechanics
Bulletin, 2020, 2,16-27. DOI: 10.15593/perm.mech/2020.2.02

4. O. M. Kapran, A. lovan, T. Golod, and V. M. Krasnov. Observation of the dominant
spin-triplet supercurrent in Josephson spin valves with strong Ni ferromagnets. Phys.
Rev. Research 2, 013167 (2020). Published 18 February  2020;
DOl:https://doi.org/10.1103/PhysRevResearch.2.013167

5. Vasily S. Stolyarov, Dmitry S. Yakovlev, Sergei N. Kozlov, Olga V. Skryabina, Dmitry S.
Lvov, Amir . Gumarov, Olga V. Emelyanova, Pavel S. Dzhumaev, Igor V. Shchetinin,
Razmik A. Hovhannisyan, Andrey M. Kokotin, Walter V. Pogosov, Valery V. Ryazanov,
Mikhail Yu. Kupriyanov, Alexander. A. Golubov, Dimitri Roditchev. Josephson current
mediated by ballistic topological states in Bi2Te2.3Se0.7 single nanocrystals.
Communications Materials 1, 38 (2020). (Published: 02 July 2020)
https://doi.org/10.1038/s43246-020-0037-y

6. T. Karabassov, V. S. Stolyarov, A. A. Golubov, V. M. Silkin, V. M. Bayazitov, B. G. Lvov,
and A. S. Vasenko. Competitive 0 and mt states in S/F/S trilayers: Multimode approach.
PHYSICAL REVIEW B 100, 104502 (2019). Published 3 September 2019; DOI:
10.1103/PhysRevB.100.104502

7. Akihiro Sasaki, Satoshi Ikegaya, Tetsuro Habe, Alexander A. Golubov, and Yasuhiro
Asano. Josephson effect in two-band superconductors. PHYSICAL REVIEW B 101,
184501 (2020). Published 4 May 2020; DOL:
https://doi.org/10.1103/PhysRevB.101.184501.

3.1. Staff exchanges between D. GHITU IE and SU during Year3 (M25-M42)

During this period, training and education of D. GHITU IE researchers were focused on
modern methods, developed in University of Stockholm - study of the ultra-low
temperature new equipment experimental set up “OXFORD Instruments”, learning
methods of measurements learning of novel methods of measurements of
superconducting properties of nanostructures, measurements of the Josephson
Junctions with ferromagnetic weak link made from artificial magnetic metamaterials,
with the aim of implementation them in superconducting spintronics and for design of
base elements for artificial neural networks.

8 collaborators of IEEN during 12 staff-exchange have increased their experimental
level and more general — the scientific level in superconducting spintronics and in
advanced methods of fabrication and measurements of the properties of
superconducting functional nanostructures. They participated in the research work in
clean room, learning the high-resolution photolithography, precise nano-milling of the
functional nanostructures — S/F/S Josephson Junctions by Focused lon Beam treatment
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(FIB) of the multilayers, and novel techniques in low-temperature measurements of
superconducting characteristics of the Josephson Junctions on the ultra-low
temperature equipment “Oxford Instruments”. Collaborators of IEEN, together with
colleagues from SU, participated in several training workshops, summer schools and
winter schools, organized by Prof. V.Krasnov and Prof. A.Sidorenko in SU, listened to a
lot of excellent lectures about superconducting functional nanostructures — spin-
valves, FIB-milling of the nanostructures, base elements of superconducting
spintronics. As the result of that staff-exchange visits, IEEN collaborators gained new
knowledge and transferred it to the IEEN, boosting of it’s excellence in all aspects of
spintronics. For this purpose served also staff-exchange visits of 3 SU collaborators,
worked in IEEN in 2020-2021. In particular, Prof.Vladimir Krasnov gave a number of
very useful lectures abour various aspects of Spintronics. Also he prepared together
with Prof. Anatolie Sidorenko the second SPINTECH conference in Moldova in
September-2021 with participation of leading experts in Spintronics from 16 countries
and some SPINTECH-Schools. Detailed information about that SPINTECH- conference
and Schools is presented in D.2.3.

3.2. Staff exchange From D. GHITU IE to SU
Current total: 10 person-months

Anatoli 1-Apr-21 | 30-May- 60 Organization of the Summer
Sidorenko 21 School, presentation of
lectures at the Summer
School; study of the new
equipment —ultra-low
temperature experimental set
up “OXFORD Instruments”,

learning methods of
measurements.
Anatoli 23-Jan-22 | 8-Feb-22 17 Organization of the Winter
Sidorenko SCHOOL and presentation of
lecture;

Study of superconducting
properties of Nb/Co
nanostructures prepared in
IEEN, on the ultra-low
temperature experimental set

up.
Evghenii 25-May- 30-Jun-21 | 37 Learning the method of nano-
Antropov 21 sized samples preparation —
Focusing lon Beam

lithography (FIB). | listening to
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the lectures about precise
methods at the Summer
School on 28.05.2021.

Andrei Prepelita

2-May-21

30-Jun-21

60

Organization of the Summer
School “Brain-like Artificial
Neural Network:
Superconducting Spintronic’s
Alternative”; Learning the
ultra-low temperature
equipment “Oxford
Instruments”, the automated
measuring system for
measurements of the [V
characteristics of Josephson
junctions, and advanced
methods of S-F-S Josephson
junction characterization.

Elena Condrea

22-May-
21

31-May-
21

10

Learning the ultra-low
temperature equipment
“Oxford Instruments”, the
automated measuring system
for measurements of the |-V
characteristics of Josephson
junctions, and advanced
methods of S-F-S Josephson
junction characterization.

Elena Condrea

2-Feb-22

28-Feb-22

Participated in the training on
the set up  “OXFORD
Instruments” and learning of
novel methods of
measurements of
superconducting  properties
of nanostructures.

Vladimir Boian

22-May-
21

26-Jun-21

36

Learning the ultra-low
temperature equipment
“Oxford Instruments”, the
automated measuring system
for measurements of the |-V
characteristics of Josephson
junctions, and advanced
methods of S-F-S Josephson
junction characterization.

Vladimir Boian

2-Feb-22

22-Feb-22

21

Investigation of
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superconducting  properties
of Nb/Co layered
nanostructures. Participation
in the Winter School.

Vladimir
Fiodorov

22-May-
21

10-Jun-21

20

Studying the
photolithographic process on
the SMART-PRINT installation
and performing all
technological manipulations
to prepare the
nanostructured samples.

Cezar Malcoci

2-Feb-22

22-Feb-22

21

Participated in the training on
the set up  “OXFORD
Instruments”, learning of
novel methods of
measurements of
superconducting  properties
of nanostructures,
measurements of the
Nb/Co/Nb Josephson
Junctions.

Lilia Bujor

6-Feb-22

28-Feb-22

23

Participated in the training on
the set up  “OXFORD
Instruments”, learning of
novel methods of
measurements of
superconducting properties
of nanostructures,
measurements of the
Nb/Co/Nb Josephson
Junctions.

Anton lacunin

8-Feb-22

28-Feb-22

21

Participated in the training on
the set up  “OXFORD

Instruments”, learning of
novel methods of
measurements of
superconducting  properties
of nanostructures,
measurements of the
Nb/Co/Nb Josephson
Junctions.
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On Photos: Prof. A.Sidorenko with IEEN collaborators by training at the ultra-low
temperatures installation “OXFORD Instruments” in Stockholm University.

3.3. Staff exchange from SU to D. GHITU IE
Current total: 5 person-months

Evgenii 22.09.2019 | 30.09.2019 |9 Participation in Nano-2019

Borodianskyi conference and SPINTECH
summer school

Olena Kapran 22.09.2019 | 30.09.2019 |9 Participation in Nano-2019

conference and SPINTECH
summer school

Vladimir 22.09.2019 | 01.10.2019 | 10 Participation in Nano-2019

Krasnov conference and SPINTECH
summer school

Vladimir 12.09.2020 | 04.10.2020 | 23 Preparation of the

Krasnov manuscript  within  the

project, based on results
obtained by Swedish and
Moldavian researchers
during previous visits of
Moldavian  partners to
Stockholm University. As a
result of this visit, the
manuscript  has  been
written and was submitted
to Phyical Review B.

Vladimir 07.11.2020 | 08.12.2020 | 28 The main purpose and
Krasnov outcome of this visit was a
scientific collaboration with
the Institute of Electrical

29



Engineering and
Nanotechnologies of the
Moldavian Academy of
Sciences. The  central
activities were the advisory
board meeting and
preparation of two
scientific articles within the
SPINTECH collaboration.

Vladimir
Krasnov

27.02.2021

27.03.2021

29

Scientific collaboration
with  the Institute of
Electrical Engineering and
Nanotechnologies in
development of the
advanced vacuum
processes of
nanostructures for
spintronics fabrication.
Preparation to the (second)
SPINTECH in September
2021 and finalizing of two
scientific articles within the
project collaboration, one
of which is published in
Phys.Rev.B 103, 094509
(2021).

Vladimir
Krasnov

18.09.2021

14.10.2021

26

Preparation togethere with
A. Sidorenko “The 12th
International  Conference
on Intrinsic Josephson
Effect and Horizons of
Superconducting

Spintronics and
participation in the
conference with lecture.
Participation in the
Stearing Committee

meeting and  Advisory
Board meeting.
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On Photo: Prof. V.Krasnov (first links) in Cryogenic Laboratory IEEN by knowledge
exchange in advanced technology of magnetron sputtering, March 2021

3.4. Staff exchange between D. GHITU IE and UTWENTE during Year3 (M25-M42)
During this period, training and education of D. GHITU IE researchers were focused on
modern methods of nanostructures characterization with high resolution, developed in
University of Twente - 8 collaborators of IEEN during 18 staff-exchange working visits in
the University of Twente gained new knowledge, increasing their scientific capacity
learning novel advanced methods of nanostructures characterization at a number of
trainings and training workshops:

- Participants learned the high-resolution XRD equipment “X’Pert -PRO” of the
PANalytical company, diffractometery of high resolution and gained the novel XRD
methods of nanostructrures characterization.

- Training of participants in Confocal Microscopy, learning of construction of the
confocal microscope and methods of measurements using that equipment;

- Training in new precise methods of nano-layered structures investigation in the
high-sensitive  SQUID-microscope, investigating magnetic properties of the
nanostructures

- learning advanced methods of multilayered structures fabrication and their
characterization in the Thin Films Fabrication Center of University of Twente.
Participating in the Summer Schools and Winter Schools in Uni-Twente, the IEEN
collaborators listened to a number of excellent lectures about Artificial Neural
Networks, their design, characterization, base elements and abour spintrobics in
general. Also several our-reach activity events were organised in Twente for extention
of the general level of the participants. More detals about that events, winter and
summer schools are given in the part D2.3.
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3.5. Staff exchange from D. GHITU IE to UTWENTE

Current total: 12 person-months

Anatoli
Sidorenko

29-Sep-20

28-0Oct-20

30

Organized  together the
Summer  School  “Hybrid
Structures for Spintronics and
Qubits”; have learned the
novel high-tech equipment,
installed in the TWENTE
University - Confocal
Microscope and learned
methods of nano-layered
samples precise
characterization.

Anatoli
Sidorenko

22-Dec-20

22-Jan-21

32

Learned the precise
equipment, modified SQUID
Microscope, and novel
methods, adjusted for
measurements of magnetic
properties of layered
magnetic metamaterials

Anatoli
Sidorenko

16-Jun-21

31-Aug-
21

77

Organized learning of the
modern  equipment and
measurment methods by the
IIEN collaborators:

X-ray diffractometer with
high resolution “X’Pert -PRO”
with the remote mode -
automated measurements of
the XRD- characteristics of
layered nanostructures.

Anatoli
Sidorenko

30-Sep-21

16-Nov-
21

48

Have done measurements of
magnetic state of spintronic
nanostructures Nb/Co, using
the SQUID-microscope.
Learned new methods of
calculation and modelling of
the layered nanostructures,
discussed with Prof.
Alexander Golubov obtained
results, prepared two articles
for special BJN volume.
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Anatoli
Sidorenko

18-Dec-21

15-Jan-22

29

Prepared all necessary
materials together with prof.
A Golubov for the Winter
School “Functional
nanostructures — modelling,
design, characterization”;
Investigated resistive
transitions of the Nb/Co
nanostructures, prepared in
IEEN for determination of Tc
and Hc2 of the samples.

Anatoli
Sidorenko

9-Feb-22

27-Feb-22

19

Organization of study and
training in novel methods of
diffractometry and
Investigation of the
nanostructures Nb, Nb/Co by
XRD diffractometry

Evghenii
Antropov

9-Jul-21

15-Jul-21

Learned the method of
diffractometry of layered
structures. investigations by
XRD method, listened to the
lectures about this method of
nanostructures investigation.
Learned advanced methods
of magnetic properties
investigation of magnetic
samples in the installation —
SQUID-microscope.

Evghenii
Antropov

10-Nov-
21

16-Nov-
21

Learned the precise methods
of nano-layered structures
investigation in the high-
sensitive SQUID-microscope,
have done measurements of
magnetic state of spintronic
nanostructures Nb/Co.

Andrei Prepelita

29-Sep-20

28-Oct-20

30

Learned the novel precise
methods of nano-layered
samples characterization,
using Confocal Microscope.

Andrei Prepelita

9-Jul-21

8-Aug-21

31

Learned the XRD equipment
“X'Pert -PRO”, X-ray
diffractometer of high
resolution, and learned
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advanced methods of
spintronics-samples
characterization.

Andrei Prepelita

10-Oct-21

10-Nov-
21

31

Investigation of the samples
in the remote mode -
automated measurements of
the XRD- characteristics of
layered nanostructures
superconductor-ferromagnet
(Nb/Co), prepared in IIEN
“D.GHITU”.

Andrei Prepelita

9-Feb-22

27-Feb-22

19

Learned the novel precise
methods of nano-layered
samples characterization,
using diffractometry; learned
the novel advanced methods
of nano-layered samples
fabrication in the Thin Films
Fabrication Center of
University of Twente.

Oleg Bujor

10-Nov-
21

16-Nov-
21

New precise methods of
nano-layered structures
investigation in the high-
sensitive  SQUID-microscope
has been studied.

Oleg Bujor

9-Feb-22

28-Feb-22

20

Learned the novel precise
methods of nano-layered
samples characterization,
using diffractometry; learned
the novel advanced methods
of nano-layered samples
fabrication in the Thin Films
Fabrication Center of
University of Twente.

Elena Condrea

10-Nov-
21

16-Nov-
21

Participated in the Training
Workshop “Artificial Neural
Networks = design,
characterization, base
elements”; learned the
precise methods of nano-
layered structures
investigation in the high-
sensitive SQUID-microscope.
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Cezar Malcoci 10-Nov- 16-Nov- 7 Learned the functionality of
21 21 nanoelectronic devices in
deep-learning mode, and the
SQUID microscope, learning
methods of investigation the
magnetic properties of

materials.
Andrei Sirbu 10-Nov- 16-Nov- 7 Learned the functionality of
21 21 nanoelectronic devices in

deep-learning mode, and the
SQUID microscope, learning
methods of investigation the
magnetic properties of

materials.
Vladimir Boian 10-Nov- 16-Nov- 7 Learned the functionality of
21 21 nanoelectronic devices in

deep-learning mode, and the
SQUID microscope, learning
methods of investigation the
magnetic properties of
materials.

N

On Photo: Prof. A.Golubov organized training of the IEEN collaborators on XRD
Diffractometer “X’Pert PRO” for learning of the high-resolution XRD characterization of
the samples (links), and training on SQUID-microscope (rights), July 2021.

3.6. Staff exchange from UTWENTE to D. GHITU IE
Current total: 7 person-months

Alexander 10.09.20 30.09.20 20 Participation in Nano-2019
Golubov conference and SPINTECH
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summer school. Lectures on

the physics of
supoerconductor-
ferromagnet hybrid

structures. Discussion of the
results of  experimetal
investigation  of  theSF-
hybrids with IEEN
collaborators. Elaboration of
the theoretical model

Alexander 15.11.20 05.12.20 20 Scientific collaboration with

Golubov the Institute of Electrical
Engineering and
Nanotechnologies in
theoretical analysis of the
experimental data obtained.
Preparation of a joint
manuscript of the article for
publication.

Alexander 20.03.21 13.04.21 24 Lecture course on the

Golubov physics of triplet states in
supoerconductor-
ferromagnet hybrids.

Alexander 01.08.21 01.09.21 31 Scientific collaboration with

Golubov the Institute of Electrical
Engineering and
Nanotechnologies in
development and modelling
of spin wvalve structures.
Preparation of a joint paper
manuscript

Alexander 15.11.21 06.12.22 22 Lectures and seminars on

Golubov theoretical aspects of an
odd-frequency pairing in
superconducting hybrid
structures.

Alexander 03.01.22 20.01.2022 | 18 Scientific collaboration with

Golubov the Institute of Electrical

Engineering and
Nanotechnologies in
development of memory
elements in

superconducting networks
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for artificial intelligence.

Alexander 14.02.22 28.02.22 15 Participation at a joint
Golubov workshop " Artificial
Synapses for Spintronics”
with  the Institute of
Electrical Engineering and
Nanotechnologies. Lectures
on the physics of
unconventional

superconductivity and its
applications. Discussion of
the concept for a possible
follow-up project.

Valery Vinokur | 21.11.21 21.12.21 31 Lecture course on
superconducting  quantum
networks based on high

temperature
superconductors.

Valery Vinokur | 14.02.22 28.02.22 15 Participation at a joint
workshop ” Artificial

Synapses for Spintronics”
with the |Institute of
Electrical Engineering and
Nanotechnologies.

Preparation of a joint article.

3.7. Publications

During M25-M42, each SPINTECH consortium member has disseminated results related
to the project’s scientific themes. A list of journal articles acknowledging SPINTECH
funding is reported below and include links to Open Access repository copies. In
addition, several presentations (talks and/or posters) were given at international
conferences and workshops. Details of these activities can be found in D2.3 (“Year 3
Report on Training Workshops, Conferences and Summer Schools”, M42, UTWENTE).

3.8. Articles

1. Observation of the dominant spin-triplet supercurrent in Josephson spin valves
with strong Ni ferromagnets. O. M. Kapran, A. lovan, T. Golod, and V. M. Krasnov. Phys.
Rev. Research 2, 013167 (2020), DOI: 10.1103/PhysRevResearch.2.013167.

2. Direct Visualization of Phase-Locking of Large Josephson Junction Arrays by Surface
Electromagnetic Waves. M.A. Galin, F. Rudau, E.A. Borodianskyi, V.V. Kurin, D. Koelle,
R. Kleiner, V.M. Krasnov, and A.M. Klushin, Phys. Rev. Appl. 14, 024051 (2020).

3. Crossover  between short- and long-range  proximity  effects in
superconductor/ferromagnet/superconductor junctions with Ni-based ferromagnets.
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KAPRAN, O. M.; GOLOD, T.; IOVAN, A.; SIDORENKO, A. S.; GOLUBOV, A. A.; KRASNOV,
V. M. Phys.Rev B. 2021, 103, 094509. DOI:10.1103/PhysRevB.103.094509 (IF: 3.575).

4. Theoretical Basis of Quantum-Mechanical Modeling of Functional Nanostructures.
FEDOTOV, A.; VAKHRUSHEV, A; SEVERYUKHINA, O.; SIDORENKO, A.; SAVVA, YU.;
KLENOV N.; SOLOVIEV, I Symmetry 2021, 13, 883.
https://doi.org/10.3390/sym13050883 (IF: 2.7).

5. Synthesis of nZVI/PVP nanoparticles for bioremediation applications. SIDORENKO,
A.; GUTUL, T.; DVORNIKOV, D.; MINE GUL, S.; TUGCE, A.; GUTUL, E.; DIMOGLO, A;;
VASEASHTA, A. Bioremediation Journal. 2021, 25 (2)
DO0I:10.1080/10889868.2021.1911922 (IF: 1.724)

6. Fractionally Quadratic Approximation and Invariant Properties of the Nickel Steel
Carpenter 49 Magnetization Curve. PENIN, A.A.; SAVVA, Y.B.; SIDORENKO, A.S. Russian
Microelectronics.2021,50(2),p. 126—135. https://doi.org/10.1134/51063739721020074.
7. PENIN, A.; SIDORENKO, A. Normalized parameters of a magnetoresistive sensor in
bridge circuits. Moldavian Journal of the Physical Sciences. 2021, 20 (1) pp. 94-104.

8. Chirality of Bloch domain walls in exchange biased CoO/Co bilayer seen by
waveguide-enhanced neutron spin-flip scattering. L. R. Tagirov, R. Tidecks, S. Horn, B.
Keimer. PHYS. REV. B 104, 174445 (2021). DOI: 10.1103/PhysRevB.104.174445.

9. In situ transport characterization of magnetic states in Nb/Co
superconductor/ferromagnet heterostructures. Olena M. Kapran, Roman Morari, Taras
Golod, Evgenii A. Borodianskyi,Vladimir Boian, Andrei Prepelita, Nikolay Klenov, Anatoli
S. Sidorenkoand Vladimir M. Krasnov. Beilstein J. Nanotechnol. 2021, 12, 913-923.
https://doi.org/10.3762/bjnano.12.68.

10. Intrinsic Josephson Effect and Horizons of Superconducting Spintronics. The Editor:
Anatolie Sidorenko. Proceedings of the 12" International Conference on Intrinsic
Josephson Effect and Horizons of Superconducting Spintronics, 22-25 September 2021,
Chisinau, Moldova: Abstract Book — Chisindu: S. n., 2021 (F.E.-P. "Tipografia Centrala").
— 87 p. ISBN 978-9975-47-215-9. 538.9:620.3(082) |-58.

11. Josephson current mediated by ballistic topological states in Bi2Te2.3Se0.7 single
nanocrystals Vasily S. Stolyarov, Dmitry S. Yakovlev, Sergei N. Kozlov, Olga V. Skryabina,
Dmitry S. Lvov, Amir I. Gumarov, Olga V. Emelyanova, Pavel S. Dzhumaeyv, Igor V.
Shchetinin, Razmik A. Hovhannisyanl, Sergey V. Egorov, Andrey M. Kokotin, Walter V.
Pogosov, Valery V. Ryazanov, Mikhail Yu. Kupriyanov, Alexander. A. Golubov, Dimitri
Roditchev COMMUNICATIONS MATERIALS | (2020) 1:38 |
https://doi.org/10.1038/s43246-020-0037-y | www.nature.com/commsmat.

12. Josephson effect in two-band superconductors Sasaki, Akihiro; lkegaya, Satoshi;
Habe, Tetsuro; Golubov, Alexander A.; Asano, Yasuhiro.

Physical Review B, 101(18), 184501. https://doi.org/10.1103/PhysRevB.101.184501

13. Quasiparticle spectrum of mesoscopic superconducting junctions with weak
magnetization. S.Suzuki, A.A. Golubov, Y. Asano, Y. Tanaka. JPS Conf. Proc. 30, 011045
(2020).

14. Ultra-strong photon-to-magnon coupling in multilayered heterostructures involving
superconducting coherence via ferromagnetic layers.l. A. Golovchanskiy, N. N.
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Abramov, V. S. Stolyarov, M. Weides, V. V. Ryazanov, A. A. Golubov, A. V. Ustinov, M.
Yu. Kupriyanov. Science advances 7(25) 2021. DOI: 10.1126/sciadv.abe8638.

15. Resonant Oscillations of Josephson Current in Nb-Bi,Te, 3Seq7-Nb Junctions.Vasily S.
Stolyarov, Dimitri Roditchev, Vladimir L. Gurtovoi, Sergey N. Kozlov, Dmitriy S.
Yakovlev, Olga V. Skryabina, Valerii M. Vinokur, Alexander A. Golubov. Advanced
Quantum Technologies 5, 2100124 (2022) https://doi.org/10.1002/qute.202270031

3.9. Invited talks at international conferences

1. Hybrid Structures for Spintronics and Qubits. A.S.Sidorenko, Invited lecture at
SPINTECH summer school-2020 “Functional nanostructures for superconducting
spintronics: smart technological approach”, 01-03.10.2020. University of Twente, the
Netherlands.

2. Layered nanostructures for superconducting spintronics. Anatolie Sidorenko,
invited talk at 7th International Conference on Superconductivity and Magnetism —
“ICSM-2021", 21st -27th October 2021, Bodrum, Turkey.

3. ADVANCED TECHNOLOGY of ACTIVE INFLUENCE on HAIL PROCESSES for SECURITY
of FOOD PRODUCTION. Anatolie Sidorenko, Plenary Talk at 1st Lekantara Annual
Conference on Natural Science and Environment (LeNS) on 30 September 2021,
Jakarta, Indonesia.

4. Functional nanostructures with complex topology. Anatolie Sidorenko, Invited talk
at On-line International conf. "CMD2020GEFES - Condensed Matter", Madrid, Espana,
03.09.2020.

5. Modeling of the vortex dynamics in long Josephson junction. Ruzhickiy V.I., Soloviev
I.I., Bakurskiy S.V., Klenov N.V., Sidorenko A.S., Kupriyanov M.Yu, Stolyarov V.S. On-line
talk at 12-16 April 2021, Matera, ltaly. Proceedings of " 2021 IEEE 14th Workshop on
Low Temperature Electronics (WOLTE), 2021, pp. 1-3, doi:
10.1109/WOLTE49037.2021.9555435.

6. Hybrid nanostructures superconductor-ferromagnet for superconducting
spintronics. A S Sidorenko, R A Morari, V Boian, A A Prepelitsa, E | Antropov, Yu B
Savva, A Yu Fedotov O Yu Sevryukhina and A V Vakhrushev. Proceedings of 2nd Virtual
Congress on Materials Science & EngineeringTheme: Outlining the Importance of
Materials Science for a Better Future, March 29 - 31, 2021, p.23. —On-line invited talk

7. Crossover in superconductor/ferromagnet/superconductor junctions with Ni based
ferromagnets. A. S. Sidorenko, O. M. Kapran, T. Golod, A. lovan, V. Boian, Yu. B. Savva,
A. A. Golubov, and V. M. Krasnov. Proceedings of 3rd Virtual Congress on MATERIALS
SCIENCE & ENGINEERING, SEP 27 - OCT 01, 2021, p.34.- On-line invited.

8. Nanostructures Superconductor/Ferromagnet for Superconducting Spintronics
Anatolie Sidorenko, Roman Morari, Vladimir Boian, Evgeni Antropov, Andrei Prepelitsa,
Yurii Savva, Nikolai Klenov, Igor Soloviev, Alexander Vakhrushev. Proceedings of The
12th International Conference on Intrinsic Josephson effect and Horizons of
Superconducting Spintronics, 22-25 September 2021, Chisinau, Moldova, p. 43.- Off-
line invited talk.

9. Chirality of Bloch domain walls in exchange biased CoO/Co bilayer seen by
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waveguide-enhanced neutron spin-flip scattering. Yu. Khaydukov, D. Lenk, V. Zdravkov,
R. Morari, T. Keller, A. S. Sidorenko, L. R. Tagirov, R. Tidecks, S. Horn, B. Keimer.
Proceedings of The 12th International Conference on Intrinsic Josephson effect and
Horizons of Superconducting Spintronics, 22-25 September 2021, Chisinau, Moldova, p.
46. - Off-line invited talk.

10. Topological features of quantum magnetotransport in Bil-xSbx (0 < x < 0.2)
bicrystals. Fiodor Muntyanu, Vitalie Chistol, Elena Condrea and Anatolie Sidorenko.
Proceedings of The 12th International Conference on Intrinsic Josephson effect and
Horizons of Superconducting Spintronics, 22-25 September 2021, Chisinau, Moldova, p.
58.- Off-line talk.

11. Modeling of superconducting spin valve magnetic properties. O. Yu. Severyukhina,
A.Yu., Fedotov, A.Yu. Salamatina, A.V. Vakhrushev, A.S. Sidorenko. Proceedings of The
12th International Conference on Intrinsic Josephson effect and Horizons of
Superconducting Spintronics, 22-25 September 2021, Chisinau, Moldova, p. 60.-

12. Modeling of cluster ion beams implantation into a metal substrate. S.V. Suvorov,
A.V. Vakhrushev, A.S. Sidorenko. Proceedings of The 12th International Conference on
Intrinsic Josephson effect and Horizons of Superconducting Spintronics, 22-25
September 2021, Chisinau, Moldova, p. 67.- Off-line invited talk.

13. Colorimetric biosensor based on ZnO / ZnFe204 heterostructures. A.A. Sirbu, D. S.
Nirca, T. D. Gutul, V. M. Fedorov and A. S. Sidorenko. Proceedings of The 12th
International Conference on Intrinsic Josephson effect and Horizons of
Superconducting Spintronics, 22-25 September 2021, Chisinau, Moldova, p. 68.- Off-
line talk.

14. Synthesis of nZVI /PVP nanoparticles for bio — applications. A.S. Sidorenko, T. D.
Gutsul, E. G. Coscodan. Proceedings of The 12th International Conference on Intrinsic
Josephson effect and Horizons of Superconducting Spintronics, 22-25 September 2021,
Chisinau, Moldova, p.82.- Off-line talk.

15. Study of a new generation of rockets for active influence on clouds. E.A. Zasavitsky,
D. I. Karagenov and A. S. Sidorenko. Proceedings of The 12th International Conference
on Intrinsic Josephson effect and Horizons of Superconducting Spintronics, 22-25
September 2021, Chisinau, Moldova, p.83.- Off-line talk.

16. Environmental aspects of long-term hail-suppression activities in Moldova. E. A.
Zasavitsky, E. |. Potapov and A. S. Sidorenko. Proceedings of The 12th International
Conference on Intrinsic Josephson effect and Horizons of Superconducting Spintronics,
22-25 September 2021, Chisinau, Moldova, p.84. Off-line talk.

4.1. D2.1 —Training Workshops, Conferences and Summer Schools - Year 1 (M1-M12)
Executive Summary

This chapter of the book provids details on the second important part of the project
(belonging to the Work Package?2) - participation to international conferences as well
as the organisation of training workshops, conferences and summer and winter schools
during Year 1 of project SPINTECH. From the beginning of the action (01.09.18), project
members have held 3 workshops (in Chisinau on March 5th, 2019, in Stockholm on

40



June 14th, 2019 and in Twente on August 27th, 2019) and organised an international
conference (“SPINTECH-NANO-2019: Limits of Nanoscience and Nanotechnologies” in
Chisinau on September 24th — 27th, 2019) and a summer school (“S/F Hybrid
Structures for Spintronics” in Chisinau on September 27th — 30th, 2019). Finally, in
order to disseminate the project content and promote scientific studies in Moldova, a
visit to the high school “N. Gogol” Nr.37 in Chisinau was organised in March 2019, and
“Open Door Day” in D.GHITU IE with visit more than 80 school-children was done on
11th November 2019 with visits of laboratories and presentation of experiments.

4.2. Training Workshops

Three training workshops have been held during the first year of SPINTECH: one in
Chisindu (MD) on March 5th, 2019 (focused on technical content but also on EU-
Moldova scientific collaborations and possible opportunities for young Moldovan
researchers), one in Stockholm (SE) on June 14th, 2019 (focused on nanofabrication
techniques) and finally one in Enschede (NL) on August 27th, 2019 (focused on
magnetic properties of SF-hybrid nanostructures)

Training Workshop in Chisinau (MD) on March 5th, 2019

The first training workshop in the context of SPINTECH took place in Chisinau (MD) on
March 5th, 2019 on IEEN’s premises. During the workshop, project partners presented
their most recent research in the field of spintronics. Technical presentations were
preceded by an introductory speech by Dr.Tatiana Moraru, Head of Department at
MECC (Ministry of Education, Culture and Research of Moldova), who presented the
current status of collaboration between Moldova and the EU in the field of scientific
research and underlined the importance of such big EU project as SPINTECH for
Moldova. Finally, a presentation about opportunities for young researchers in the
context of the H2020 programme was given by Giulio Scocchi from Intelligentsia
Consultants (Luxemburg), which supported IEEN and their partners during proposal
preparation. Scientists from some other Institutes of the Moldavian Academy of
Sciences (Institute of Applied Physics, Institute of Mathematics, Institute of Chemistry)
and from Technical University of Moldova took part in the workshop.

Within the training workshop, participants visited the vacuum laboratory, where Prof.
Anatolie Sidorenko and Dr. Roman Morari explained in detail the advanced technology
of high-quality Nb films fabrication, elaborated and patented in D.GHITU IIEN, that has
a visible impact: as wrote in his report after the staff-exchange visit to IE
Prof.Akexander Golubov: “l have learned a new advanced vacuum technology for
layered nanostructures fabrication, elaborated and patented in IEEN, Chisinau which
will be useful also for University of Twente” (Fig.1a).

Training Workshop in Chisinau (MD) on March 5th, 2019

The first training workshop in the context of SPINTECH took place in Chisinau (MD) on
March 5th, 2019 on IEEN’s premises. During the workshop, project partners presented
their most recent research in the field of spintronics. Technical presentations were
preceded by an introductory speech by T. Moraru, Head of Department at MECC
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(Ministry of Education, Culture and Research of Moldova), who presented the current
status of collaboration between Moldova and the EU in the field of scientific research
and underlined the importance of such big EU project as SPINTECH for Moldova.
Finally, a presentation about opportunities for young researchers in the context of the
H2020 programme was given by G. Scocchi from Intelligentsia Consultants (LU), which
supported IEEN and their partners during proposal preparation. Scientists from some
other Institutes of the Moldavian Academy of Sciences (Institute of Applied Physics,
Institute of Mathematics, Institute of Chemistry) and from Technical University of
Moldova took part in the workshop.

Within the training workshop, participants visited the vacuum laboratory, where Prof.
A.Sidorenko and Dr. R.Morari explained in detail the advanced technology of high-
quality Nb films fabrication, elaborated and patented in D.GHITU IIEN, that has a visible
impact: as wrote in his report after the staff-exchange visit to IE Prof.A. Golubov: “I
have learned a new advanced vacuum technology for layered nanostructures
fabrication, elaborated and patented in IEEN, Chisinau (Fig.1a)”.

Fig. 1a (left) — advanced vacuum technology for layered nanostructures fabrication in
IEEN, Chisinau, learned by the workshop participants; 1b (right panel) —opening of the
workshop on 5th March 20189.

All participants gained new knowledge in advanced vacuum technology through this
training workshop, which has increased their professional and academic capacities in
this domain, and their individual career paths. This is in direct correlation fulfilling one
of the main goals of the SPINTECH project in elaboration and fabrication of spin-valve.
In total, 23 people participated during the first SPINTECH Training Workshop.

Following the Training Workshop, the SPINTECH project consortium members (A.S.
Sidorenko, V.M. Krasnov and A.A. Golubov) visited the high school “N. Gogol” in
Chisinau in order to disseminate the project content and promote scientific studies in
Moldova.

Training Workshop in Stockholm (SE) on June 14th, 2019

The second training workshop in the context of SPINTECH project took place in
Stockholm (SE) on June 14th, 2019 on SU’s premises.
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During the workshop, the research infrastructure of SU was illustrated to participants.
Project members presented their most recent research related to ion beam
photolithography, Bi wires and nanostructure fabrication. Technical presentations were
given by both IEEN and SU members.

Fig.2a (right). Prof. Anatolie Sidorenko, Dr. Andrei Prepelitsa and PhD student Elena
Kapran learning the advanced method of measuring of superconducting samples in SU.
Fig.2b (left). Prof. Vladimir Krasnov presenting high-level resolution technique - lon
Beam Photolithography at the workshop on 14th June 2019 in SU.

In addition to ten participants from the SPINTECH partners (IE and SU), there were also
nineteen participants from another Swedish institute: the Royal Institute of
Technology. As they do not belong to the project, their list was not included in the
initial report. Here, we provide the full list of participants from the Department of
Applied Physics, Royal Institute of Technology. During the workshop on 14th June
2019, the research infrastructure of SU was illustrated to participants. Project
members presented their most recent research related to ion beam photolithography,
Bi wires and nanostructures fabrication. Technical presentations were given by both
IEEN and SU members. 29 participants took part in the Workshop. In addition to ten
participants from the SPINTECH partners (IE and SU), there were also nineteen
participants from another Swedish institute: the Royal Institute of Technology.

:v &i

\.,., i\
._

Dr. R. Morari and PhD student V.Boian dur/ng /ow tempearture experiment training
(lefts). Dr. A. Prepelita and Prof. A.Sidorenko in clean-room at FIB training (rights).
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The participation in that workshop of about 20 PhD Students and students from SU will
help them in their career development within the frame of the SPINTECH project,
gained from lectures given by Prof. A.Sidorenko, Prof. V.Krasnov, Dr. T.Golod and Dr.
R.Morari, who presented a novel advanced technologies of nanostructures vacuum
deposition (A.Sidorenko, R.Morari), ion-beam photolithography (T.Golod) and smart
methods of nanostructures characterization (V.Krasnov). The variety of academic staff
also means that PhD students involved in the research work on the SPINTECH project
(E.Kapran, E. Borodianskyi) also benefitted from this event because they received
direct feedback and input from experienced researchers. See Annex 2.2 for the
Workshop Program.

Training Workshop in Enschede (NL) on August 27th, 2019

The third training workshop in the context of SPINTECH took place in Enschede (NL) on
August 27th, 2019 on UTWENTE’s premises. During the workshop, project partners
presented their most recent research related to the investigation of magnetic
properties of SF-hybrid nanostructures. Technical presentations were given by both
IEEN and UTWENTE members.

Prof.A.Go/ubov and Prof.A.Sidorenko in SQUID Ib.
Training workshop on SQUID-Microscopy in UTWENTE (links: A.Sidorenko, A.Golubov;
rights: Pim Reith, A.Sidorenko, A.Antropov)

Lectures about smart methods of nanostructures characterization, using SQUID-
microscopy, given by Prof. A.Golubov and Prof. V.Vinokur, increased the scientific
capacity of the Dr. E.Antropov (IE), Dr. Pim Reith (UTWENTE) and PhD student Tairzhan
Karabasov (UTWENTE), which has therefore increased their professional level and
further them in their own career development.

4.3. Conferences

Members of the SPINTECH consortium have taken part in numerous conferences
during the first year of the action, in order to disseminate their research on spintronics
and to promote the SPINTECH project. Also, partners have already defined the
international conferences which will take place in Chisindu before the end of the
project. In Section 2.1, a complete list of conferences attended by SPINTECH members
is reported. In Section 2.2, more details on the organisation of the international
conferences are provided.
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According to the Grant Agreement, it was planned that the consortium partners would
attend various international conferences (Task 2.3: Participate in international
conferences) - such as: MIFP-March Meetings in 2019 and 2020 in Rome, ltaly,
“Superconducting Hybrids” conference in San-Sebastian, Spain, in October 2018,
European Conference on Applied Superconductivity EUCAS 2019, - to present research
papers related to spintronics.
Participation of the project partners in the conferences was done under the personal
invitations — with invited talks. Funding from H2020 project SPINTECH was
acknowledged during all events, which served also as promotional opportunities for
the project. By attending the international conferences, the project partners
established new networks with other research organizations and companies for further
preparation of new projects proposals. At the same time, was used that opportunity
for the project results dissemination and information of the scientific society about
SPINTECH project and its achievements.
Conferences and seminars attended by members of the SPINTECH project and titles of
talks/presentations are provided in the Participation section to follow.
Conferences and seminars attended by members of the SPINTECH project and titles of
talks/presentations are reported below. Funding from H2020 was acknowledged during
all events, which served also as promotional opportunities for the project.
1. Direct Evidence of Proximity Induced Abrikosov Vortex Core in a
Nonsuperconducting Metal. A.A. Golubov. Tunneling through Nanoscience (TTN) 2018
International Conference, 17-20 October 2018, Ravello (IT).
2. Static and dynamic properties of Josephson junctions with thin superconducting
layer inside the weak link. A.A. Golubov. Tunneling through Nanoscience (TTN) 2018
International Conference, 17-20 October 2018, Ravello (IT).
3. Expansion of a superconducting vortex core into a diffusive metal. A.A. Golubov.
Topological Materials Science Seminar (82), 3 December 2018, Kyoto (JP).
4. Profound surface superconductivity in conventional and unconventional
superconductors, single crystals and thin films. V.M. Krasnov. XXIll Symposium on
Nanophysics and Nanoelectronics, 11-14 March 2019, Nizhnij Novgorod (RU).
5. Superconductor-ferromagnet hybrid structures for
" artificial neural networks. N. Klenov. Invited seminar

- \HUETIT s @IEEN. 27 March 2019, Chisinau (MD).

‘ 'f..- l somTEveNt 6. Functional Nanostructures
' Superconductor/Ferromagnet for Superconducting
Spintronics. A. Sidorenko, A.A. Golubov, V.M. Krasnov, A.
ma Wixforth, H. Hahn, Y. Savva, L. Tagirov, M. Kupriyanov.
CONFERENCE 30th World Nano Conference - Invention and Innovation
of New Concepts in the Field of Nanotechnology, 20-21
May 2019, Zirich (CH). Invited talk “Functional
Nanostructures Superconductor/Ferromagnet for
Superconducting Spintronics” of A. Sidorenko at 30th
World Nano Conference, 21 May 2019, Ziirich.

CHEMgISTH‘(
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7. Superconducting supercomputer: challenges and solutions. V.M. Krasnov. 30th
World Nano Conference - Invention and Innovation of New Concepts in the Field of
Nanotechnology, 20-21 May 2019, Zirich (CH).

8. Superconductor/Ferromagnet Layered Nanostructures for Superconducting
Spintronics. A. Sidorenko, A.A. Golubov, V.M. Krasnov, A. Wixforth, H. Hahn, Y. Savva, L.
Tagirov, M. Kupriyanov. BIT's 10th World Congress of Chemistry & Biology 2019, 22-24
May 2019, Barcelona (ES).

9. Abrikosov vortex as a Josephson phase shifter. V.M. Krasnov. Invited talk. VORTEX
2019 Workshop, Poster Session, 20-25 May 2019, Antwerp (BE).

10. Josephson emission from Bi2Sr2CaCu208+6& mesa structures. E.A. Borodianskyi and
V.M. Krasnov, VORTEX 2019 Workshop, Poster Session, 20-25 May 2019, Antwerp (BE).
11. Planar Jospehson junction as an element for novel superconducting devices. T.
Golod, O.M. Kapran, V.M. Krasnov, VORTEX 2019 Workshop, Poster Session, 20-25 May
2019, Antwerp (BE).

12. S/F/S Josephson junctions with a strongly ferromagnetic Ni barrier. O.M Kapran, T.
Golod, A. lovan, R. Morari, A. Sidorenko, A.A. Golubov, V.M Krasnov. VORTEX 2019
Workshop, Poster Session, 20-25 May 2019, Antwerp (BE).

13. Coherent effects in junctions based on p-wave superconductors. A.A. Golubov.
International Workshop "Quantum Coherent Phenomena at Nanoscale 2019", 19-22
June, Ischia, Naples (Italy).

4.4. Organisation of the conferences

Following the workplan, consortium of the SPINTECH project have organised an
international conference “SPINTECH-NANO-2019: Limits of Nanoscience and
Nanotechnologies”, in Chisinau on September 24th — 27th, 2019, with participation of
scientists from 15 countries.

The central goal of the SPINTECH-NANO-2019 Conference was to bring together
leading experts from 15 countries to share their expertise and experience in developing
of new ideas and principles in nanoscience and nanotechnologies, focusing on their
novel implementations.

£ TR K e ot 5

Participants of the “SPINTECH-NANO-2019: Limits of Nanoscience and
Nanotechnologies” in Chisinau
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Abstracts of the presented reports were printed in the abstract book (pdf. file is
available on the SPINTECH web site), but the best presentations were selected and
published in special issue of the Beilstein Journal of Nanotechnology (IF=3,65).

@ BEILSTEIN JOURKAL QOF NANOTECHROLOGY

Spintach+
Humbotdt Kallag Conforanze

Functional nanostructures
for electronics,
RN spintronics and sensors

it Hybrid Structures for Spintranics’ Edited by Anatolie 5. Sidorenko

7 27-30 September 2019

Locul i ora deschide!
Sedul Bibfiotecii Stinyifice (lstitat) A Lup
24 seplembrie 2019, ora 9:00

Abstract-book of the SPINTECH-NANO-2019 conference; (rights)
Special volume of the Beilstein J. Nanotechnolology 2020, 11, 1704—-1706

3. Summer Schools

It was organized a summer school focused on “S/F Hybrid Structures for Spintronics"
which took place in Chisindu (MD) on 27-30 September 2019 (right after the
International Conference SPINTECH-NANO-2019).

:-,ﬂ . 3 Q‘,
SPINTECH Summer School evening session; (rights) SPINTECHMConsortium meeting on
29.09.2019 — Prof.A.Sidorenko, Prof.A.Golubov and Prof.V.Krasnov discussed plan of the

further activities
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The first SPINTECH Summer School generated an international audience comprised of a
comprehensive itinerary, including lectures from well-respected experts in the field.
IEEN collaborators and PhD students gained new knowledge in the area of Spintronics
during 3 days of the School. The event was hosted at D. GHITU IE and was attended by
more than 30 young researchers as well as experienced researches and IIEN staff
members. D. GHITU IE primarily presented their work in the field of thin films and
vacuum technology including advanced technology and know-how (patented) in the
techniques for the fabrication of functional nano-structures.

5.1. D2.2 - Year 2 Report on Training Workshops, Conferences and Summer Schools

5.2. Training Workshops

2 training workshops have been held during the second year of SPINTECH project: 1/
one in Chisinau on the 24 July 2020 focusing on “Novel methods of the parameters
estimation of superconducting switching elements”; 2/ one in Twente on the 14 August
2020 focusing on “Advanced methods of nanostructures fabrication for Spintronics”.

Training Workshop at IIEN, Chisinau on the 24 July 2020
his training workshop focusing on “Novel N (@

. . g workshop ¢
methods of the parameters estimation of @ 2 sty 20, o O

Moaldova

superconducting switching elements” was

organised at D. GHITU IE in Moldova. Prof. T e e

Alexander Golubov from UTWENTE was | e

the principal speaker and he presented | oroesuor s castoryorine wion

With Concrete examples the estimation of Day. 24.07.2020 Time 10:00-17:30 Loeation: room 101 in IIEN “D.GHITU". MD2028 Chismau

the main parameters of S/F functional PROGRAM

. - - Registration of participants i lobby of the Institute
nanostructures and spin valves. The event | |77 “F e e et
attracted a total Of 21 part|C|pantS from 1000 Prof. Alexander Gohibov, University of Twente “Non-umiform supe rconductivity:

LOEFF state and triplet paring”.

IIEN. 11:00 Dr. Akexander Penin. TEN “D.GHITU”. Normalized regime parameters ofa
spin valve.

12:00-13:00 Lunch

13:00 Prof. Akxander Golubev, Usiversity of Twente . Good practice of the paruneters
estimation: novel methods in superconducting electronics.

14.00-16:00 Training of participants i anplementation of novel methods of the parameters
cstiation.

16:00 Coffee break
1630 Prof Alexander Golibov, Unfversity of Twente . Analysis of the results, obtained by
participants, Advices, consultations,

1730 Workshop closing

Program of the workshop
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Training Workshop at UTWENTE on the 14 August 2020

This  training workshop focused on
m| oo | (Q MESA+ “Advanced methods of nanostructures
o SNXCH fabrication for Spintronics”. The two
lecturers, Prof. A.Sidorenko (D. GHITU IE) and
Prof. A.Golubov (UTWENTE) offered to the
'-':,"m?"“'“' attendees detailed presentations of new
‘ principles and technological approaches for
the fabrication of  superconducting
electronics and spintronics devices. The
event took place in the SQUID Laboratory at
Twente University attracted 11 participants

including PhD students from MESA+.

Advanced methods of nanestructures fabrication for Spintronics

SPINTECH

University of Twente, t

11:30 Coffee break

1200 Prof. Anarobe Sidorenko. Examples of the functional nanostucrurs and

ik Jevhod ek by i s Program of the training workshop

5.3. Conferences

5.4. Organisation of the conferences

Members of the SPINTECH consortium took part in several conferences during the
second year of project in order to disseminate their research results on spintronics and
to promote the SPINTECH project.

The SPNTECH project and the H2020 funding were acknowledged during all these
events, which served also as promotional opportunities for the project. Conferences
and seminars attended by members of the SPINTECH project and titles of their
talks/presentations are listed below:

1. SPINTECH-International Conference “SPINTECH-NANO-2019”; 23-27 September
2019; Chisinau (Moldova).The central goal of the SPINTECH-NANO-2019 Conference is
to bring together leading experts from 15 countries to share their expertise and
experience in developing of new ideas and principles in nanoscience and
nanotechnologies, focusing on their novel implementations.
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2. Annual Meeting of the Israel Society for Medical and
Biological Engineering (ISMBE); 25-26 February, 2020;
Haifa (Israel), with the poster report presentation of
A.Sidorenko:

3. International  Symposium  “Nanophysics  and
Nanoelectronics”, 10-13 March 2020, Nizhnii Novgorod,
Russia - Invited plenary talk of prof. A. Sidorenko
“Functional nanostructures superconductor-
ferromagnet for superconducting spintronics” -
presenting and disseminating results of the SPINTECH
project, and with acknowledgements to the SPINTECH:
Invited talk A.Sidorenko at Symposium “Nanophysics
and Nanoelectronics” (D. GHITU IE)

@ NANOPHYSICS & NANOELECTRONICS n iumcw I ‘@_.
‘ — "™ 4. Conference “ March meeting of

Functional Nanostructures Superconductor/Ferromagnet for

American Physical Society”, 2-6 march

Superconducting Spintronics 2020 Denver COIOradO, USA — talk of

Prof.

Sidorenko Anatolie

V.Krasnov  “Superconducting

Instinute of Electronic Engineering and Nanotechnologies, Chisinau, Moldova VO rt ex- b ase d memo ry ce I I S” -
In colaboration wifh: presenting and disseminating results

University gf Twente, Netherlands — Alexander Golubov
Stockhoim Universiy, Sweden — Vidimir Krasnov of the S
Moscow Stare University, Russia — Mikhail Kuprivanov
Institute of Nanotechnology, Karisruhe, Germeny - Horst Hahn
Ithevsk Stare Technical University, Russia -Alexander Vakhrushey
Kezan State University, Russia - Lenar Tagirov
Topological Quantum Phenomem i Supsrconductig Systems (TQPSS) MIPT, Dolsopruday, Russia - Vasily Stolyaroy

support ed by the EU project “ SPINTECH", zant agreement Nr. 810144

PINTECH project.

Viadimir Krasnowv

5. XXIV International symposium on —
Nanophysics and Nanoelectronics, 10-13 : i

march 2020, Nizhnii Novgorod, Russia.-
invited talk of prof. V.Krasnov “Planar apect

E:perlrr-m-l cunaanud Matter Physics Group  AlbaNova

T e e
SE-10881 Stackhelm, Swade:

al thanks: Taras Golod, Adrian lovan, Alessandro Pagliers,

Olena Kapran, Lise Morlet-Decarnin, Sergey Grebenchuk

Josephson Junctions as Sensors for Scanning-
Probe Microscopy “- presenting and
disseminating results of the SPINTECH
project:

Planar Josephson Junctions as Sensors

\ Union H2020-
SPINTECH" un- @ L

SPINTECH

810144

Invited talk of V. Krasnov at symposium

for Scanning-Probe microscopy on Nanophysics and Nanoelectronics,

Viadimir Krasnov
Exparimental Condansed Matter Physics Group
Stockhalm University
AlbaNova University Center
SE-10691 Stockholm, Sweden
R N T

H:}:m " (Q ¥

=

SEINTECH

o o1 Py AlbaNova Russia (SU)
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5. Advisory board Meeting with consortium of SPINTECH project (Grant Agreement no:
810144) on 20 November 2020, Chisinau, Moldova.

Modeling the processes of atom structure formation of
a superconducting spin valve

AV, Vakhrushev'”, A.Yu. Fedotov'”, Yu.B. Savva’, V. Boian®, A.S. Sidorenko™

ademy of Seiences, Ehevsk, Russion

evsk, Russian Federarion;

The paper consuders the nodeling of the fommation of s muilikayer nanocomposite, the combmation of
elements of which gives rise 1o a spin valve effect. The relevance and mpontance of effects m the field of
spmtronics andrelated nniernls and devicesis descrnbed. The object of researchis the properties and structure
of e, as wellas the ers that amse durmg its forwmtion. As o sanple
e wilysd & sarpls with & peodie supasoiditon Seroungaet sWadioe cmstteg of v i 20
ahemating layers ofniobinmand cobalt. Thedeposition process rmpn ce in a deep vacunm The simulation

was camied out by the mo lecular dynanics method usmg the p ied srmersed
The fommtion of ayers ws camed out m a stationary mode Thz-irnq:rmhm‘ was adusted using the Nose -
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- " Y A. Sidorenko, lecture at Seminar IIEN,
Chisinau (D. GHITU IE) on 25 Mai 2020

6.1. D2.3 - Year 3 Report on Training Workshops, Conferences and Summer Schools
There is a brief report providing details about consortium members’ participation in
international conferences as well as the organisation of training workshops,
conferences and summer schools during YEAR-3 (M25-M42) of SPINTECH. During this
period, the project members have 6 summer/winter schools, organised 2 conferences
and 7 seminars / training workshops.

6.2. Training Workshops

Five training workshops/seminars have been held during M25-M42: three in Chisinau
(MD) during 22 March 2021, 19 April 2021 and 7-9 Sept 2021 plus two in Twente (NL)
during 12-13 July 2021 and 10-13 November 2021.

Training workshop at IEEN on 22 March 2021

The SPINTECH project organised a training workshop on the “Modelling of Functional
Nanostructures, their fabrication and investigation of the structure and morphology” at
D.GHITU Institute in Moldova. The training was organized in a mixed form: the four (4)
lecturers presented from the Institute while the 21 participants attended the lectures
via Zoom conference mode to ensure safety in the COVID-19 era. Opening of the
Training Workshop “Modelling of the Functional Nanostructures, their fabrication and
investigation of the structure and morphology”; Prof. Anatolie Sidorenko (EIIN).
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e "Modelling of the layered functional nanostructures superconductor/ferromagnet";
Prof. Alexander Golubov (UTWENTE).

e “Vacuum deposition of layered nanostructures"; Prof. Anatolie Sidorenko (EIIN).

e "Focused lon Beam as a precise instrument for nanostructures fabrication"; Prof.
Vladimir Krasnov (SU).

o '"Effective management of the European project in case of COVID-19 pandemic
restrictions"; Dr. Oleg Bujor (EIIN).

Seminar at IEEN on 19 April 2021

The SPINTECH project and the Association of Physicists of Moldova (SFM) organised a
seminar in Chisindu (Moldova). The aim of the seminar was to discuss a new report
recently published at national level: “Quo Vadis? Ethics of Scientific Research: Artificial
Neural Networks”. An artificial neural network (ANN) or a brain-like computer with a
non-von Neumann architecture surpasses the speed of neurons in the human brain
(e.g. a biological neural network in terms of switching speed). For a number of tasks,
the ANN will become an extremely useful tool, such as air traffic control. Tragic
mistakes of air controllers are known due to their fatigue and overload and ANN does
not know such fatigue. It can accurately manage air flows for days and months without
interruption. But other applications of artificial intelligence systems might also benefit
from ANN including virusological genetic engineering or militarization of space. 70
years ago, the American science fiction writer Isaac Asimov formulated three ethical
laws of robotics - a code of rules for robots. Already at that time, he identified
problems we are facing nowadays and they are becoming more and more urgent - as
the capabilities of neural networks and artificial intelligence systems are developing. In
this seminar, we will get acquainted with the basic principles of the construction and
functioning of the first artificial neural network: the Perceptron.

Training workshop at UTWENTE during 12-13 July 2021

The SPINTECH project organised a Training Workshop on “Advanced methods of
nanostructures characterization” in Twente University on the 12-13 July 2021. The 2-
day event consisted in a mix of laboratory visits, presentation and use of equipment
and training lectures focusing on topics relevant to SPINTECH project. During the event,
the 22 participants raised their knowledge on three advanced methods, namely:

- XRD diffractometry of nano-sized samples;

- Low —temperature measurements and advanced methods of brain-like circuits
characterization in the BRAINS Centre;

- SQUID-microscope installation and methods of magnetometry of nanostructures;
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Training on SQUID-microscope (links); Lecture of Prof.Wilfrid van der Wiel in Brains
Centre TWENTE (rights) on 13" July 2021

Visit of the centre of materials and structures characterization (DANNALAB) - 12 July
2021.
The director of DANNALB, Dr. Vladimir Kogan presented XRD installations and
laboratory equipment, while explaining the methods used for materials
characterization, investigation of various materials, nanostructures, microelectronic
elements, as well as multifunctional diffractometer “X’Pert -PRO” of the PANalytical
company.

Participants received a

@ Q MESA+ tailored training on the

SPI'ET)’EC G INSTITUTE FOR NANOTECHNOLOGY d|ffract0meter and the XRD
equipment “X’Pert -PRO” of
Advanced methods of nanostructures characterization .
SPINTECH - TWENTE training workshap 2021, the PANa Iytl cal com pany - X-
University of Twente, the Netherlands, 12-13 July 2021 ray diffractometer of h |g h
This event is organized in frame of the project “SPINTECH” of the European Union H2020- . R
WIDESPREAD-05-2017-Twinning programme resolutio n, conn ected with

the internet to provide
investigation of samples in
the remote mode -
automated measurements of
the XRD- characteristics of layered nanostructures. In particular, participants learned
advanced methods of spintronic-samples characterization.

Furapean Unien's
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Visit of the Magnetometry Lab at Twente University - 13 July 2021

Participants have learned methods of magnetic properties of nano-layered structures
investigation in the high-sensitive SQUID-microscope and have done measurements of
magnetic state of spintronic nanostructures Nb/Co, assisted by Prof. Alexander
Golubov using the SQUID-microscope installation.

Visit of the "BRAINS Centre for Brain-Inspired Nano Systems” - 13 July 2021

The Director of the BRAINS Centre, Prof. Wilfred van der Wiel, gave a lecture on the
design and capacity of the brain-like circuits, elaborated in the Centre. Participants also
have the chance to learn about methods of low-temperature experiments in the
BRAINS Centre, elaborated there for investigation of the brain-like circuits.

Training workshop at IEEN during 7-9 Sept 2021

The SPINTECH project organised a training workshop on “Artificial Neuronal Networks:
from nanofabrication to deep-learning” in Chisindu during 7-9 Sept 2021. The
workshop was the subject of an AVA TV programme, which included an interview with
esteemed workshop participant Prof. Isaak Bersuker of the University of Texas at
Austin.

Comprehensive details regarding the workshop are provided below.

Organizing committee

Prof. Anatolie Sidorenko, IEEN Chisinau, Moldova

Prof. Alexander Golubov, Uni-TWENTE, Enschede, Netherlands

Prof. Vladimir Krasnov, Uni-Stockholm, Sweden

PROGRAM

Day 1, 07.09.2021, Tuesday

12:00-18:00 Arrival of participants, accommodation in the Hotel Radisson Blu Leogrand
Hotel “KLASSIK” (“Hotel Club Service”, str. Mihail Kogalniceanu 6, MD 2001, Chisinau,
E-mail: info@klassikhotel.md, tel. 022 838 388)

Day 2, 08.09.2021, Wednesday

Location: Conference Hall of the D.GHITU Institute of Electronic Engineering and
Nanotechnologies, str. Academiei 3/3 Chisindu, Moldova, room 101, tel.+37322 -
737092

9:30 Opening of the Meeting - Coordinator of the SPINTECH project Prof. Anatolie
Sidorenko

10:00 Prof. Igor Lukyanchuk, University of Amien, France, coordinator of the “MELON”
project. Ferroic nanomaterials for Artificial Neural Network.

11:00 Prof. Isaak Bersuker, University of Texas, USA. Jahn-Teller and Pseudo-
Jahn-Teller Effects: From Particular Features to General Tools in Exploring Molecular
and Solid State Properties.

12:00 Lunch break

14:00 Prof. Wilfred van der Wiel, Uni-TWENTE, Director of BRAINS Center for Brain-
Inspired Nano Systems. Artificial neural network — “Material learning”.
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15:00 Prof. Alexander Vakhrushev, Head of Department of Nanotechnology and
Microsystems, lIzhevsk State Technical University, lzhevsk, Russia. Mathematical
modeling of nanofabrication.

16:00 Prof. Nikolai Klenov + Prof. Igor Soloviev. Moscow State University, Russia. Base
elements of ANN — artificial neuron and synapse.

17:00-18:00 Press conference

Day 3, 09.09.2021, Thursday

Location: conference hall of the Hotel Radisson Blu Leogrand Hotel “KLASSIK” (“Hotel
Club Service”, str. Mihail Kogalniceanu 26, MD 2001, Chisinau, E-mail:
info@klassikhotel.md, tel. 022 838 388)

9:30 Prof. Igor Lukyanchuk, coordonator of the EU project MELON, Amien, France.
Administration of the EU project.

10:00 Dr. Oleg Bujor. National Point of Moldova of the HORIZON-2020 program.
Financial management and audit of the HORIZON-2020 projects.

11:00-12:00 Round-table discussion with members of the Advisory Board of the
SPINTECH Project.

12:00-13:00 Lunch break

14:00-16:00 External session: out-reach activity of the SPINTECH project, visit of the
Theoretical Lycei N.V.Gogol, Chisindu - meeting members of the SPINTECH project with
schoolchildren, teachers and director — to inform them about Artificial Intellect, Neural
Networks, about scientific work and international scientific collaboration. (Str. Alexei
Sciusev 90, Chisindu 2012,Tel. 022 238382)

17:00 Television (Moldova-1) - interview with invited lecturers of the workshop.

Training workshop at UTWENTE during 10-13 Nov 2021

The main goal of the three-day workshop in Twente was to increase the knowledge of
the 30 participants (12 of them came personally from Moldova) in the implementation
of spintronics for the design of artificial neural networks (ANN) and to gain knowledge
in the design, fabrication and characterization of base elements of ANN under the
supervision of the University of Twente's experts. The workshop's programme (shown
below) included lectures of experts, in particular presentation of Prof. Sidorenko on
hybrid nanostructures for spintronics and qubits, prof. Valerii Vinokur “Topological
nature of high-temperature superconductivity”, lecture of Dr. Vladimir Kogan about
modern methods of high-resolution diffarctometry, Prof. Alexander Brinkman about
SQUID-microscopy of superconductors as well as presentation of the research
directions of the BRAINS Centre for Brain Inspired Nano Systems by the centre's
director, Prof.dr.ir. Wilfred G. van der Wiel.
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On the Photo: (left) Opening of the Workshop on 11" November; (right) Lecture of prof.

Valerii Vinokur “Topological nature of high-temperature superconductivity” on 12"

November.

Program of the workshop:
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Artificial Neural Networks — design, characterization, base elements
SPINTECH - TWENTE training workshop,

University of Twente, the Netherlands, 10-12 November 2021
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Workshop was organized in the mixed format: 12 participants from Moldova were
presented in the meeting room, 18 participants took part on-line. After listening of the
lectures it was organised direct training of the participants in the laboratories (XRD,
SQUID, BRAINS Centre).

-

o ' &y ™ / ] | "
On photo: (left) UTWENTE Brains centre's director, Prof.dr.ir. Wilfred G. van der Wiel
presents directions of research; (right) group of researchers from IEEN, Moldova by

direct training in the BRAINS Centre

Training workshop at D.GHITU IEEN on 20 January 2022

At the one-day training workshop “Spintronics highlights: Functional nanostructures
fabrication&characterization” 14 participants, IEEN collaborators listened to lectures
about the newest methods of fabrication of functional nanostructures, their treatment
with advanced milling processes and characterization with high resolution
diffractometry and polarized neutron spectrometry and than they had the practical
training on the vacuum installation for magnetron sputtering “Leybold-Z400”. Location
of the training: Cryogenic laboratory of the D.GHITU Institute of Electronic Engineering
and Nanotechnologies, str. Academiei 3/3 Chisinau, Moldova, the fulfilled program of

the training was the following:
20 January 2022, Chisinau, Moldova

Training “Spintronics highlights: Functional nanostructures
fabrication&characterization™

(Location: Cryogenic laboratory of the D.GHITU Institute of Electronic Engineering and Nanotechnologies, str. Academiei
3/3 Chisinau, Moldova, tel. +37322 -737072)

9:00-9:40 Prof. Anatolie Sidorenko, IEEN Chisinau, Moldova. Artificial Superconducting Synapses and Neurons based on
layered hybrid S/F structures.

9:40-10:00 Dr. Taras Golod. Stockholm University. Sweden. Nanofabrication of Josephson contacts using FIB process.
10:00-10:30 Prof. Vladimir Krasnov, Stockholm University, Sweden. Crossover phenomena in SFS Josephson junctions.
10:30-11:00 Coffee break

11:30-12:00 Dr. Vladimir Fedorov. IEEN Chisinau, Moldova. Vacuum deposition of layered heterostructures.

12:00-12:30 Dr. Vladimir Kogan. DANNALB. Enschede. The Netherlands. Nanostructures characterization by precise XRD
techniques.

12:30-14:00 Lunch break

14:00- 17:00 Training of all participants in the Cryogenic laboratory on “Z-400 Leybold™ magnetron sputtering installation.
19:00 Dinner
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On hoto: some of lecturers of the winter school (Prof.A.Sidorenko, Pro V. Ryazanbv)
and some of school-participants (PhD student V.Boian and Dr. R. Morari) in Cryogenic
laboratory by training on Leybold-Z400

SPINTECH Training workshop at IEEN on 24-25 February 2022
During two days training
workshop”Artificial Synapses for

. . . (Q
Spintronics”  24-25  February 2022 O e .
participants gained knowledge in the ¢ SPHNTE@H

™ | This groject has recalved funding from the Europaan Urion's Horizon 2020 I

Ueion's
research snd inncvation programme under grat agreement No 810144

of the
Moldava”

— goals, achievements, networking

newest direction Spintronics — artificial
PP . Synapses based on superconductor-ferromagnet
neurons and artIfIC|a| SynapseS, the|r heterostructures fundamentals and fabrication.

coordinator of the project

design and engineering. Workshop was send. Sidorenko Anatolie
organised in the mixed format — 18
participants off-line and 2 They have
listened lectures of Prof. Anatolie s
L_INIVEHSIT\" g Pl
Sidorenko (IEEN Chisinau, Moldova): I m Blockholm I

“Artificial  Superconducting  Synapses

based on superconductor-ferromagnet heterostructures fundamentals and
fabrication”, lecture of Dr. Igor Golovchanckiy (Moscow Institute of Physics and
Technology MIPT, Dolgoprudny): “Ferromagnet/Superconductor Hybrid Magnonic
Metamaterials” and lecture of Prof. Alexander Golubov, (University of Twente) ”Basics
of superconducting spintronics”.

6.3. Conferences

Conferences and seminars attended by members of the SPINTECH project and titles of
talks/presentations are reported below for the period M25-M42. Funding from H2020
was acknowledged during all events, which served also as promotional opportunities
for the project.

The SPINTECH partners organised the international conference 12th International
Conference on Intrinsic Effects and Horizons of Superconducting Spintronics during 22-
25 September 2021 in Chisindau, Moldova. Its aim was to bring together leading experts
from 16 countries: Japan, USA, Germany, France, Russia, Ukraine, Moldova, Romania,
Netherlands, Sweden, Italy, UK, Spain, China, South Korea to share their expertise and
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experience in developing of new ideas and principles, novel technologies and their
implementations on frontiers of superconducting electronics and spintronics (opening
of the conference is shown in the photos below).
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Photos and Screen-shot during the opening of the conference

A major news feature about the conference - the interview given by Prof. A.Sidorenko
was published in the newspaper Moldavskie Vedomosty (Moldovan News).

Conference venue:

Institute of Electronic Engineering and Nanotechnologies, str.Academiei 3/3, Chisinau,
MD2028 Moldova, and hotel KLASSIK (“Hotel Club Service”, str. Kogalniceanu nr. 6,
MD-2001, Chisinau, Moldova).

Organizing Committee

Prof. Anatolie Sidorenko, IEEN Chisinau, Moldova

Prof. Alexander Golubov, University of Twente, The Netherlands

Prof. Vladimir Krasnov, University of Stockholm, Sweden
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Local Organizing Committee:

Director of the conference Prof. Sidorenko Anatolie

“D.GHITU” Institute of Electronic Engineering and Nanotechnologies, Academiei
str.3/3, MD2028, Chisianu,Moldova; Phone/Fax/E-mail: +37322-737092/ +37322-
727088/ anatoli.sidorenko@kit.edu

Scientific secretary of the conference: Dr. Antropov Evgheni, IEEN Chisinau, Moldova,
e-mail: aidjek@gmail.com; Viber: +37379757615

Administrator of the conference: Dr. Bujor Oleg, IEEN Chisinau, Moldova, e-mail:
bujor.oleg@gmail.com

Additional information and program of the Conference are placed on the web page:
https://nanotech.md/en/page/89/spintech-nano-2021

In the special volume of the Beilstein Journal of Nanotechnology (IF-3,65) the best

reports was presented (published in 2022).

1. Prof. A.Sidorenko was Co-organiser of two on-line events on 30" September 2021:
1* LeNS International Seminar, Jakarta, Indonesia (see Photo below)

- The 1" Lekantara Annual Conference on Natural Science and Environment,

Jakarta, Indonesia, 30* September 2021.

Materials of the Conference and reports are available on the page:

https://www.youtube.com/watch?v=SKvnquy608

(uomaman Rundown
T'Lens INTERNATIONAL SEMINAR

BIOLOGICAL § FOGD SECURITY AS A FUNDAMENTAL BASIS
ron SURNIVABILITY B4 THE MODERN CONDITION

0100 7 [J 30 OCTOBER 21 J] USTENeR Fret |

egmrfes pmnhees:

1st Lekantara Annual Conference on Natural Science

and Environment (LeNS)
Here is the schedule for Saturday, October 30, 2021 from 12.30 (Open Gate) to 04.00 pm

(GMT+7)
No. Time (pm) Agenda PIC
u 1. 12.30-01.00 Open gate Zoom Meeting Operator
- ”’-..: 2.

01.00-01.20

01.20-01.50
01.50-02.20

A. Opening by Moderator
B. Indonesia’s National Anthem
(video)

Welcoming remarks by CEO of Lekantara

Keynote Speech — Dr. Ir. Suswono

Operator
Moderator
(Amalia
Permata Rizky,
M.Kom.)

Operator

Keynote Speech — Prof. Sidorenko Anatolie Operator
51 02.20-02.50 Keynote Speech — Dr. Melati Ferianita Fachrul, ~ Operator
MS.

6 02.50-03.20 Keynote Speech — Sergey Plygun, Ph.D Operator
A 6  03.20-03.50 Panel Discussion Operator
(8 exasrrana 2. Hybrid nanostructures
A}
£ superconductor ferromagnet for
o CERTIFICATE P g
Nomer: 177/LAN/CNF/1.01/04/X/2021

superconducting spintronics. A S
Sidorenko, report at international
conference “Functional
Nanomaterials and High-Purity
Materials”, Suzadli, 5-9 October
2020. Proceedings, p.12.

This is to certify that
Prof. Dr. Sidorenke Anatolie
In recognition of valuable contribution as
Keynote Speaker

In the 1¥' Lekantara Annual Conference on Natural Science
and Environment (LeNS) held on October 30t 2021,
via Zoom Cloud Meeting

Dean of Faculty of Landscape (1 CEQ of Lekantara
i i S
7.

Architecture & Environmental,
. Waw

Dr. Melati Ferianita
Fachrul, MS.

wlia Lugman Aziz
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3. Crossover in superconductor/ferromagnet/superconductor junctions with Ni-based
ferromagnets. Anatoli Sidorenko, invited talk at ,3nd Virtual Congress on Materials
Science and Engineering. Materials Info 2021”, 27 September 2021, Switzerland.
Procedings of the conference, p.34.

4. Functional nanostructures with complex topology. Sidorenko Anatolie, invited talk at
International Colloquium “Topology- and Geometry-Controlled Functionalization of
Nanostructured Metamaterials”, August 24, 2020, Madrid.

5. Layered nanostructures for superconducting spintronics. Anatolie Sidorenko, invited
talk at 7th International Conference on Superconductivity and Magnetism — “ICSM-
2021”, 21st -27th October 2021, Bodrum, Turkey.

6. ADVANCED TECHNOLOGY of ACTIVE INFLUENCE on HAIL PROCESSES for SECURITY of
FOOD PRODUCTION. Anatolie Sidorenko, Plenary Talk at 1st Lekantara Annual
Conference on Natural Science and Environment (LeNS) on 30 September 2021,
Jakarta, Indonesia.

7. Nanostructures Superconductor/Ferromagnet for Superconducting Spintronics.
Anatolie Sidorenko, plenary talk at 12th International Conference on Intrinsic Effects
and Horizons of Superconducting Spintronics during 22-25 September 2021 in Chisinau,
Moldova.

6.3. Summer and Winter Schools

Six summer/winter schools have been held during M25-M42: two in Twente (NL)
during 2-3 October 2020 (focused on Hybrid Structures for Spintronics and Qubits) and
10-12 February 2022, focused on “Functional nanostructures — modelling, design,
characterization”, two in Stockholm (SE) during 27-28 May 2021 (focused on Brain-like
Artificial Neural Networks) and 3-4 February 2022 (focused on Superconducting
Spintronic’s Alternative) and finally two in Chisindau (MD) during 10-11 December 2021
(focused on Non-conventional Superconductivity Implementation in Spintronics), 21-22
January 2022 (focused on Spintronics highlights: hybrid nanostructures), details are
presented in 3.1-3.6 and in Annexes 2-7.

Summer school at UTWENTE during 2-3 October 2020

The SPINTECH Summer School “Hybrid Structures for Spintronics and Qubits” was
organised in collaboration with by the partner UTWENTE in the U-Park hotel and it’s
facilities in the university campus during 2-3 October 2020. Due to the current Covid
situation and restrictions, the event was extended to online participants including the
international speakers in order to ensure a high quality of presentations despite the
travel restrictions. In total, the event attracted a total of 32 participants. Excellent
lectures about highlights of spintronics were presented by leading experts all over the
world — from Japan, USA, Germany, France and Netherlands.
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Opening of the Summer School on 02.10.2021

A video about the summer school has been published on the project website, access is
available here (https://www.h2020-spintech.eu/news-20102020.html).

Summer school at SU during 27-28 May 2021

The SPINTECH project organised a summer school “Brain-like Artificial Neural Network:
Superconducting Spintronic’s Alternative” the 27-28 of May 2021 at the University of
Stockholm “Alba Nova”. During the two-day school, a total of 9 lectures were
presented to the audience consisting in 44 participants: 13 participants attending the
event in Stockholm and 31 registered online using Google Meet applications

By listening of the excellent lectures of Prof. Kavokin and Prof. Kusmartsev from Great
Britain, presented the revolutionary new architecture of the non-von Neumann
computers, brain-like designed artificial neural networks. Participants of the school
gained deep knowledge in the field of artificial intelligence, they learned from lectures
of Prof. Golubov, Prof. Sidorenko, Prof. Krasnov, Prof,Vakhrushev and Prof. Klenov
presented fundamental principles of operation of the superconducting base elements,
artificial neurons and artificial synapses and a possible design of their interconnection
and operation of the elements in ANN.

Following the lectures, a round-table discussion was organised between Prof.
Lukyanchuk, Prof. Soloviev, Prof. Krasnov, Prof. Sidorenko, Prof. Kusmartsev, Prof.
Kavokin and Prof. Golubov who expressed their opinion about the most promising
solutions in the novel area of research and engineering - non-von Neumann computers
on the base of artificial neural network (ANN).

It was proposed by Prof. Krasnov to continue the discussions on the optimal ANN
configurations and the possible collaboration between partners in that field. This topic
of mutual interest and related joint opportunities will be further discussed in the
forthcoming SPINTECH international conference "12th International Conference on
Intrinsic Josephson Effect and Horizons of Superconducting Spintronics" in Chisinau
(Moldova) on the 22-25 September 2021.
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Part:c:pdnts of the Summer School in Stockholm University and in on line form

Winter school at IEEN during 10-11 December 2021

A two-days Winter School dedicated to “Non-conventional Superconductivity
Implementation in Spintronics” was organised in D. Ghitu Institute of Electronic
Engineering and Nanotechnologies in the frame of the SPINTECH project. The event
was in a mixed format — 19 participants were physically present and 18 others
participated online.

Winter School opehing on 10.12.; (right) Report of Prof. A.Sidorenko

On the first day of the Winter School, the following presentations and lectures were
made among others:

e Prof. Anatolie Sidorenko presented the goals and main results achieved so far in the
SPINTECH project.

e Prof. Igor Lukyanchuk, Amien, France, presented the EU project “MELON”, being it’s
coordinator and announced the new concept — CLUSTERING, the new promising form
of networking with EU projects.

e Prof. Alexander Kordyuk, Kiev, Ukraine, presented superconducting spintronics base
elements.

e Prof. Valery Vinokur, Chicago, USA, held a 1,5 hour lecture about the nature of High-
Tc superconductivity and the concept of magnetic monopoles.
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Nonconventional Superconductivity
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S

10-11 December 2021, Chisinau, Moldova

Very interesting and lengthy discussions were stimulated as a result of the lectures.

On the second day of the Winter School, an Advisory Board meeting of the SPINTECH
project was organised involving Prof. Anatolie Sidorenko (project coordinator), Prof.
Elena Achimova (Institute of Applied Physics, Chisinau), Prof. Denis Nica (State
University of Moldova), Prof. Peter Bogatenkov (RENAM company, Chisinau), Prof.
Artur Buzdugan and Dr. Sergei Railean (Technical University of Moldova), were
discussed the prospects for the SPINTECH project's results (on the Photo below).

Advisory board meeting of the SPINTECH project on 11.12.2021

A slideshow about the winter school has been published on the project website.
(https://www.h2020-spintech.eu/news-16122021.html).

Winter school at IEEN during 21-22 January 2022

The additional training and winter school ”Spintronics highlights: hybrid
nanostructures ” was dedicated to hybrid nanostructures fabrication and
characterisation, was held during 20-22 January. Notably, director of the Institute
for Low Temperature Physics National Academy of Sciences, of Ukraine, the world
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recognised leading expert in point-contact spectroscopy academician Prof. Yurii
Naydiuk and head of the Department of Spectroscopy of Molecular Systems and
Nanostructured Materials the same institute Prof. Gennadii Kamarchuk were invited
as speakers from Kharkiv, Ukraine, and gave lectures about the fundamentals of
functional hybrid nanostructures and about new phenomena detected with the
powerful method of point-contact spectroscope. It led to increasing of the
scientific level of IEEN collaborators, listened that excellent lectures and in
general, led to achievement of the goals of the SPINTECH broject — boosting of it’s
excellence. A hybrid format was adopted for that winter school with 15
participants in person and 18 participants online, as shown in photo below, were
the screen-shots during the lectures given by Prof. Anatoli Sidorenko and Dr. Taras
Golod are given. The full text of the given lectures is published in the book Annex.
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Winter School at SU during 03-04 February 2022

The additional winter school ”Superconducting Spintronic’s Alternative” was
organised together with prof. Vladimir Krasnov and with assistance of dr. E.Condrea
and dr. L.Bujor on 03-04 February 2022 in Stockholm. A hybrid format was adopted
for that winter school with 12 participants in person and 18 participants online.
Prof. A.Sidorenko gave two lectures “SPINTECH project — goals, achievements and
networking” on 03.02.2022, and “Smart methods of nanostructures fabrication for
spintronics” on 04.02.2022. (in the photo below). From the lecture “Polarized Neutron
Reflectometry as a powerful tool for layered hybrid nanostructures investigation”,
given by Dr. Yuri Khaydukov. (Max-Planck Institute Stuttgart, Germany) participants
gained knowledge about very informative direct method of investigation of the spin
configurations in the magnetic materials, what is important for development of the
superconducting spintronics. Lecture “In-situ analysis of magnetic states in
nanostructured S/F heterostructures” of Prof. Vladimir Krasnov, (Stockholm University,
Sweden) extended knowledge of the participants about another smart and sensitive
method of magnetic states investigation — “FORC”, developed in Stockholm — “First-
Order-Reversal-Curves” (FORC) analysis. FORC is a powerful tool for in situ
characterization of magnetic states in complex ferromagnetic structures and learning
of that method was very useful for IEEN collaborators, participated in that winter
school.
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In Photo: Lecture of Prof. A.Sidorenko on 04.02.2022 and participants of the Winter
School in the meeting room of SU, and participants on-line (right, in screen-shot)

Winter school at UTWENTE during 10-12 February 2022

For the winter school “Functional nanostructures — modelling, design,
characterization”

held in Twente during 10-12 February 2022, the research focus was on modelling,
design, characterization of functional nanostructures. The participants learned
smart methods of nanostructured samples characterization and listened to the
following lectures:

e Dr. Joachim Woitok
(“DANNALAB”, Enshede, The

Netherlands): “Modern
methods of the
nanostructures

characterization by  XRD-
diffractometer”
e Dr.Thomas Koch (Analytical
Intelligence Research Services " e - :
of KRONOS INT. Inc., Leverkusen, Germany) “Advanced X-Ray Based Methods for
Powder Characterisations"
e Dr. Igor Makhotkin (Thin Films Fabrication Center of the Unversity of Twente.).
Magnetron sputtering of muItllayered nanostructures with high periodicity.

gy Training was provided on
nanostructure characterisation
in the Thin Films Fabrication
Center of the Unversity of
Twente under supervision of
Dr. I.Makhotkin.
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7.1. D3.4 — Outreach Activities

Executive Summary

During this period, the project members have organised 2 SPINTECH conferences in
Chisinau, Moldova, 6 summer/winter schools (2 in Moldova, 2 in Sweden, 2 in
Netherlands) and 10 training workshops.

The project website (www.h2020-spintech.eu) has been available since early
September 2018. The deliverable D3.2 “Project Website” was submitted on
31/12/2018. The website has been regularly updated with materials and news since its
creation. Already by the end of the Period 1, the website has received 458 views.

In addition, a Research Gate project page has also been set up for SPINTECH activities,
which is available at: https://www.researchgate.net/project/SPINTECH-
superconducting-spintronics.

The project SPINTECH also has a Twitter account with the handle: @H2020_SPINTECH.
With the aim of information of the wide audience — scientists and general public, we
have done in January-February 2022 the film about project SPINTECH, it’s goals,
development of the new science/engineering area — Spintronics, about scientific results
and out-reach activities achieved within the project implementation and about further
prospects. The film is available using the link:
https://disk.yandex.ru/i/TCQV-9duwyOxYA

8.1. Press Conferences
4 press conferences have been held during the whole project: A on 21.09.2018, B on
05.03.2019, C on 24.09.2019 and D on 08.09.2021.
Press conference A on 21.09.2018

Kick-off meeting of the SPINTECH project took place in the Ministry of Education,
Culture and Research (MECC) of Moldova 21 September 2018. Minister Dr. Monica
Babuc opened the meeting and mentioned exceptional importance of the EU project
for Moldova and for integration of the Republic of Moldova in the European space:

~——

Minister MECC, Dr. Monica Babuc and State Secretary Dr. Elena Belei and coordinator
of the SPINTECH prof. A.Sidorenko opened the KICK-off Meeting on 21.09.2018 (links);
Press conference: Dr. Belei and EC representatn, the Project Officer Dr. Pepa Krasteva
presented the efforts of Moldova for strengthening of collaboration with EU - by
opening of the meeting (rights).
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The implementation plan for the SPINTECH was presented by coordinator of the
project Anatolie Sidorenko while the general framework of the Twinning call was
illustrated by Pepa Krasteva, EU Project Officer responsible for the project
monitoring. It was present 35 participants at the meeting — members of the
Advisory Board of the project, representatives of ministry, from radio, TV and
press. Prof. A.Sidorenko and Dr. E.Belei were interviewed by Moldoval (State TV
Moldova), Radio-Moldova and news agency SPUTNIK-Moldova.

The Working Meeting +TrainingWorkshop took place on 05-06 March 2019, in IEEN,
Chisindau, Moldova with 29 participants.

By opening of the SPINTECH workshop on 05 March 2019 journalist Andrey Petrik took
Interview with Prof. Sidorenko about goals and importance for Moldova project
SPINTECH, and with head of Department of Ministry of Education RM Dr. Tatiana
Moraru, who opened the workshop and stressed the great importance of the EU
project for Moldova at the press conference.

Representant of Ministry MECC Dr. Tatiana Moraru at the opening of the
workshop on 05 March 2019

Intreview given at press conference was published in “SPUTNIK-Moldova” on 12 March
2019:

B MongoBy nNpuUXoAUT CMMHTPOHMKA: UTO 3TO TaKOe, U KaK OHa AeicTBYeT Ha
npaKkTuKe B KniwmnHese Hayana paboTy Hay4yHO-NpaKTUYeCcKan KoHdepeHLna, OCHOBHOM
TEMOW KOTOPOW CTana CMNUHTPOHMKA, KOTOpas MOCTENEHHO MNPUXOAMT Ha CMeHy
NoJIlyNpPOBOAHWKOBOW 3/IEKTPOHMKE.

KULLUHEB, 6 map — Sputnik, AHapeii Metpuk. "HeTt npegena cosepweHcTBy" — 3Ta
cTapas, Kak mup, dopmyna paboTaeT cerofHA U B HAayKe, B TOM YMC/e B MOJIAABCKOW.
Kasasnocb 6bl, 4eN10BEYECTBO AABHO MOAYMHWUAO cebe MHPOPMALMOHHbIE TEXHONOTUY,
332 HECKOJIbKO AeCATUNETUI BbIBEO UX Ha HOBbIN YPOBEHD.

OfHaKo nMporpecc He CTOMT Ha MecTe, M Te YCTPOMCTBA, OCHOBaHHble Ha
NoJIyNPOBOAHMKOBBIX CUCTEMAX (AaKe 0bbluHble HOYTOYKM, KOTOpble eCcTb Y KaxKaoro
BTOPOro MO/Ib30BaTENS KOMMbIOTEPOB), 3aBTPAa MOryT CTaTb MHPOPMALMOHHBIM
aTaBM3MOM.
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Ho MupoBas 1 MongascKkas HayKa He CTOUT Ha MecTe, U 4Tobbl BbiTb BO BCEOPYKUK
3aBTpa, CEroAHA HafAo NpoAymaTb CTpaTernio 3ameHbl YCTapeBaloWMX YCTPOWCTB,
NnoAroToBUTL MaLAaPM A8 UX COBEPLUEHCTBOBAHMA.

HayuHas KoHdepeHuusa B KuwumHese

B KuwwuHeBe Hayana paboTy HAy4YHO-NpaKTUYecKas KOHepeHLMsA, NOCBALLEHHAA
Pa3BUTUIO CMIMHTPOHUKM — HAYKM XXI BeKa. Y MONAABCKMX YUYEHDBIX Y¥Ke CEeroaHa ecTb
KOHKpeTHble HapaboTKM B 3TOM HanpasieHWMU, KOTOpble MHTEPECHbI ANA peannsaumm
Ha eBponenckom npocTpaHcTee. 06 3TOomM KoppecnoHAeHTy Sputnik Mongosa
pacckasan AupekTop WHCTUTYTA 3N1EKTPOHHOW WHXXEHEPUM U  HAHOTEXHO/OTUM,
npodeccop, akageM1K MoLaBCKOM AKageMnn Hayk AHaTonmnii CMaopeHKo.

"Ce200HA — saxHoe cobbimue u 0a4 HAWe20 UuHCMuUmMyma, U 0718 8Ce20 HAy4YHO20
coobwecmea Mondossbl. Y HAc rnpoxodum O08YXOHEBHAS KOHepeHYuUs rno rnpoekmy
"SPINTECH" npoepammel  "Horizon-2020”  (GrantAgreementno: 810144). Ha
npomsax}eHuu mpex sem amom npoekm 6ydem crnocobcmeosames 6osee 2ayboKoli
uHmezpayuu Mosadossl 8 Hay4yHoe npocmpaHcmeo Espornbl”, - pacckaszan y4veHsil.
KoopauHaTopom  MNpoeKTa  BbICTYMWUA  MHCTUTYT, PYKOBOAUMbBIM  AHaToAnem
Cepreesuuyem.

EBsponeiickoe coobLiecTBo Ha HaydHOM dopyme B KulinHese npeacraBuaun npodeccop
CToKronbmckoro  yHuBepcuteta  (LUBeuums) Bnagumup  KpacHoB, npodeccop
yHuBepcuTeTa TeeHTa (HuaepnaHabl) AnekcaHgap [onyboB, a TaKkKe Hay4HbIi
COTpyAHUK KomnaHuu “Intelligentsia” (/ltokcembypr) goktop CKouum.

Te [OCTUXKEHMA, KoTopble Ha npoTaxeHun 20 neT 6blan HapaboTaHbl B UHCTUTYyTE
3NEKTPOHHOMN UHMKEHEPUWN N HAHOTEXHOJIOTUIA, U NOCNYXUAKN 6a30M ANa 3TOro NPOeKTa.
A ero uenbio ABNAETCS pa3paboTKa HOBOW 3/1eMEHTHON 6asbl 4189 MUKPOINEKTPOHUKK
XXI| BeKa— CNUHTPOHMUKMN.

"OpgHa M3 rnaBHblX 33ga4 MHCTUTYTA — NPUMEHEHME TEXHONOTMN CMUHTPOHUKM B
NPOMbILNEHHOCTH, Pa3paboOTKM MUKPO3NEKTPOHHbIX YCTPOMCTB HOBOIO MOKO/EHMA.
CerogHa passBuTME MNOAYNPOBOAHMKOBOM 3NEKTPOHUKM [OCTUINO CBOEro anores wu
orpaHuyeHo", - pacckasan npodeccop CMaopeHKo.

OTKpbl1a KOHPEPEHUMIO HaYyabHUK YNpaBAeHUs NOJUTUKK B chepe nUccnegoBaHuin u
WHHOBAUMN MUHUCTEPCTBA 0bOpa3oBaHMA, KyabTypbl UM uccaenoBaHuii PM gokTop
TatbaHa Mopapy. YuHOBHMUA noayepkHyna: «Pecnybnuka Mongosa aKTUBHO
yyacteyeT B PamouHbix nporpammax EC no nccnenoBaHusam M MHHOBaLMAM (@ MMEHHO
"Horizon-2020") # ownbo4yHO AymaTb, 4To MonpgoBa He 3aHMMaeT CBOe MecTo B
eBponenckor Hayke. [lpeacTaBuMTenn Hallel CTpaHbl MOKasbiBalOT Xopoluune
pe3ynbTaTbl Ha 0bL,eeBpPONEeNCKOM NPOCTPAHCTBE, @ Pa3pPaboTKM MONAABCKUX YYEHbIX
BbI3bIBAIOT YBAXKEHNE €BPOMNENCKUX KONNEI».

«Ce200HA y4yeHble U3 Mondossbl npedcmasneHsbl HA espornelickom npPocmMpaHCMee,
8bIX00AM my0da C UHHOBAUUOHHbLIMU paspabomkamu u 0ocmoliHo npedcmasasom
Hawy cmpaHy. Ce200HAWHASA KOHpepeHyus — noomeepxcoeHue amomy", - ommemuna
Mopapy.
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MnaH paboTbl Hay4YHO-NPAKTUYECKON KOHdepeHLMM Bbin 6onee, Yem HacbILEHHbIM U
MHTEepecHbIM. Mo/1AaBCKME yYeHble U TOCTU M3-3a pyberka NOCETUIN TaKKe CTO/IUYHBbIN
nvuen um. Forons, rae pacckasanum yyawpumcsa M negaroram o0 CMUHTPOHMKE, KOTopas,
BMAMMO, COBCEM CKOPO CTaHET He TO/IbKO MHHOBALMOHHbIM HanpaB/ieHWeM B HayKe, a
ee byaHamu.

Report about this Press conference was published on site:
https://ru.sputnik.md/technologies/20190306/25079376/moldova-prikhodit-
spintronika-deystvuet-na-praktike.html

Press conference C on 24.09.2019

Press conference by opening of the First SPINTECH Conference “SPINTECH-NANO-
2019: Limits of Nanoscience and Nanotechnologies” (24-27 September 2019),
organised in Moldova with participants from 15 countries all over the world. In press
conference 4 talks were given: by coordinator of the SPINTECH project Prof.
A.Sidorenko, by vice president of Academy of Sciences of Moldova Prof. S.Cojocaru, by
Head of Department of Ministry MECC Dr.T.Moraru and by Stdndige Vertreter der
Bundesrepublik Deutschland bei der Europaischen Union Dr. O. Schulte., as shown in
Photo:

Reportage about that presss-conference is available on site:
https://www.youtube.com/watch ?v=YOcvaQjECfO

Press conference C on 08.09.2021

The SPINTECH project consortium organised a training workshop on “Artificial
Neuronal Networks: from nanofabrication to deep-learning” in Chisindu during 7-9 Sept
2021 with participation of Prof. Isaak Bersuker from University of Texas, USA and Prof.
Igor Lukyanchuk from Unversity of Amien, France. Press conference was organized on
08.09.21 (shown on photo below) with speech of Prof. Bersuker about importance of
science for progress and such project as SPINTECH.
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Press coﬁference of A.Sidornko, I.Bersuker and I.Lukyanchuk on 08 September 2021 in
D.GHITU IEEN

Comprehensive details regarding the workshop and given press conference is available
on site: https://www.youtube.com/watch?v=HZYMXzXPE4o.

9.1. Coverage about the project in TV media
3 TV documentaries have been held during the whole project: A on 27.01.2019, B on
24.03.2019 and C on 09.09.2021.

TV documentary A on 27.01.2019

Extended presentation of the Project SPINTECH was done for the program “Stiinta si
Inovare” (Science and Innovation) of the Moldova-1, State TV. A.Sidorenko presented
the main goals of the project, planned exchange visits, workshops, summer schools and
expected results during the project implementation.

The weblink to the TV documentary is:
https://www.youtube.com/watch?v=3rxRgma6oSQ

TV documentary B on 24.03.2019

On Monday the 22nd of March 2021, D. GHITU
Institute of Electronic Engineering and
Nanotechnologies hosted a  SPINTECH
consortium meeting in Moldova. The
SPINTECH consortium partners namely Prof.
Anatolie Sidorenko (D. GHITU Institute), Dr.
Oleg Bujor (D. GHITU Institute), Prof.
Alexander Golubov (UTWENTE) and Prof.
Vladimir Krasnov (Stockholm University),
presented and discussed the latest project
results as well as the project implementation plan.
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TV Interview with consortium members of the SPINTECH project, A. Sidorenko, A.A.
Golubov and V.M. Krasnov about project SPINTECH was presented in the TV program
“Stiinta si Inovare” of the State TV of the Republic, Moldova-1, demonstrated that
interview on March 24th, 2019; weblink to the TV documentary:
(https://www.youtube.com/watch?v=mLxZXuSbhan4)

TV documentary C on 09.09.2021

Interview with Prof. Isaak Bersuker 09.September 2021 - about prospects of the
SPINTECH project results implementation for development of microelectronics and
international collaboration in frame of such projects as SPINTECH.
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TV program “Stiinta si Inovare” presented that interview in special issue, available on
site: https://trm.md/ro/stiinta-si-inovare/stiinta-si-inovare-emisiune-din-17-octombrie-
2021

10.1. Visits to schools and public open-days

2 school visits and 2 public open-days have been held during the whole project: A on
05.03.2018, B on 11.11.2019, C on 19.04.2021, and D on 11.02.2022. School visit A on
05.(_)‘3.2.01’9

Prof A. S|dorenko Prof.V. Krasnov and Prof A.Golubov at the N.V.Gogol school #37 visit
on 05.03.2019. It was organised by director of the school — by meeting with 60 high
school students. A.Sidorenko, A.Golubov and V.Krasnov presented the new project
SPINTECH, explaned what does mean “Spintronics” and attracted attention of the
audience to the scientific work.
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Public open-day B on 11.11.2019

The "Open Door Day" in Chisinau and hosted by D GHITU IE
11.11.2019

On Monday, 11th November 2019, D.GHITU Institute of Electronic Engineering,
hosted their "Open Door Day", with many visitors from Chisinau, Moldova. More
than 80 school-students from 3 Gymnasiums from the city visited the exposition of
the Institute and its laboratories, being better acquainted with the research work
performed alongside technologies and devices being used. The director of
Institute, acad. Sidorenko Anatolie presented the EU-funded project as
coordinator of the SPINTECH project and also introduced consortium partners:
Stockholm University, Sweden and University of Twente, Netherlands. As part of
the expectations for disseminating and promoting SPINTECH, this was an excellent
outreach activity which focused on the interests of the general public. The event
of the whole day took place from 9:00 till 17:00, and was organized in frame of
celebration of the "World Science Day" activities.

The "’épen—door day” 11.11.2019 in D.GHTU IEEN

Public open-day C on 19.04.2021

The SPINTECH project and the Association of Physicists of Moldova (SFM) organised on
April 19, 2021 the open-door seminar in conference hall of D.GHITU IEEN with
participation of people from 5 institutes: IEEN, Institute of Applied Physics, Technical
University, Institute of Chemistry, Institute of Geology and Seismology. The aim of the
seminar was to discuss a new direction of science and engineering — brain-like artificial
neural networks and ethical problems related to that new area. Prof. Sidorenko,
president of the Moldavian Physical Society, presented public lecture: “Quo Vadis?
Ethics of Scientific Research: Artificial Neural Networks”.
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Prof. A.Sidorenko after presenting lecture“Quo Vadis? Ethics of Scientific Research:
Artificial Neural Networks” at open-door seminar on 19.04.2021

A.Sidorenko gave interview, available on site:
http://www.vedomosti.md/news/anatolij-sidorenko-proschityvat-vozmozhnye-
rekombinacii-dlya

School visit D on 11.02.2022

During staff-exchange work in February 2022 in Twente, Prof. A.Golubov organised
visit of the Theoretical Lyceum in Enschede of collaborators of D.GHITU IEEN — Prof.
A.Sidorenko, Dr. O.Bujor and Dr. A.Prepelita, who presented to the high-school
students the SPINTECH project and the role of the University of Twente in development
of superconducting spintronics, attracted attention of the audience to the scientific
work.

Visit of the Theoretical Lyceum in Enschede on 11" February 2022 — Prof. A.Golubov, Dr.
O.Bujor, Dr. A.Prepelita, Prof. A.Sidorenko.

11.1. Some additional information about Outreach activity — organization of open-
door events and national seminars:

1. Series of the Republican open-door seminars with the Logo “Quo Vadis? Etics of the
scientific research” in a mixt format — Google-Meet on-line participants from Moldova
and several countries, and off-line in conference hall of D.GHITU IE - here collaborators
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of the Institute and from 5 other
organizations — Institute of Applied Sﬂ-F @ Q.
Physics, Institute of Chemistry, Institute of M SP.XQN
Geology and Seismology, Technical

University of Moldova and State Antihail

. . AVIZ
Service of RM, and representatives of

Sedinta Seminaruhu Fepublican de Fizicd va avea loc

mass-media: State Television of Moldova Lui, 14 iusie 2021, ora 11-00.

_ i H Sedinga este orgamizati de Societatea Fizicienil din"“ in cooperare cu
(Moldova-1, journalist Elena Cecan), — jionsteommed A —
newspaper "MO}'I,D,aBCKMe BeAOMOCTM» Ewnﬂmhm:mma] "SPD.TECH' (zrant agreement # 810144).

. . " Sedinga va avea loc on-line In swvideo-conferences.
(News of Moldova, journalist Maria v v o enloe g
. . ) . ) . Genericul seminaruhu:
BUInCIUC) JournaIISts prOVIded InterVIeW Quo\':ld.is'.‘Enc:\ce:'cet.ﬁn]or?Il:h'nnﬁfe-ynnotel\no]o;‘ﬁlemluptjcu
with the lecturers and published them in maladile oncelogice.

. . Prof. Fliur Macaey tul de Chm:me prenm; rtul ,smnp.ﬁr: la
newspapers and demonstrated in special Tm@@u}mﬂ?ﬂ; e o hts mpoti sl
TV-program “Stiinta si inovarea” (Science =~ ~

. Link pentru conectare la platforma-google. meet gasiti in e-mail.
and Innovation).
2. Seminar Republican of the Moldavian
ian A Sidorenko, Fregedinte al SFM

Physical Society(SFM) — in D.GHITU IEEN,
19 April 2021, Chisnau, Moldova - «Quo Vadis? Etics of the scientific research:
artificial neural networcs»- moderator acad.ASM Anatolie Sidorenko.

3. Seminar Republican of the Moldavian Physical Society (SFM), in D.GHITU IEEN, 14
lune 2021, Chisnau, Moldova — «Quo Vadis? — Etics of the scientific research:
nanotehnologies agains cancer» - moderator Prof. Fliur Macaev.

4. Seminar Republican of the Moldavian Physical Society (SFM), in D.GHITU IEEN, 08
September 2021, Chisnau, Moldova — «Quo Vadis? — Etics of the scientific research:
Jahn-Teller a pseudo-Jahn-Teller Effects» - moderator Acad. ASM, Professor of the
University of Texas (USA) Isaac Bersuker.

12.1. Participation in expositions

One of the imortant part of the outreach activity was participation of the IIEN team
members in exhibitions, presenting elaborated technologies of functional hybrid S/F-
nanostructures and ferromagnetic nanoparticles fabrication, and implementation them
for spintronic devices, also for other industrial goals. Elaborated devices and
technological processes were presented in 2020 at two international exhibitions:
“Fabricat in Moldova” (29.01.20-02.02.20, Chisinau, Moldova), and at “EUROINVENT-
2020” (23.05.2020, lasi, Romania).

Presented results were appeciated by vistors and by the Jurie, and were aworded by
diploms and medals: with 2 Gold medals and 1 silver medal, shown below.
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13.1. Diploms and awards

Diplom obtained at international exhibition “Fabricat in Moldova” for presented
innovations:

((/)xpazzﬁ[c O leonalic " Fabiicat in O eldova”

DIPLOMA

Se decerneazd
participantului la Expozitia Nationala
LFabricat in Moldova’, editia XIX-a

@@l

Camiera de Comer(
a Republic

Diploms and medals obtained at international exhibition “EUROINVENT-2020" for
presented innovations:

1S - ROMANIA

]

= DIPLOMA g

SILVER MEDAL.ccc..

Josephson spin valve for cryogenic memory

Sidorenko Anatalie, Morari Roman, Klenov Nikolai
President of intemational Jury
D Eng. Mond Mustall AT akn ABDULLAH
O ,.i?F z

May 23, 2020 ‘c?!;‘&‘r émg e Q_I_F_I_IA_ %"rﬂ

30
' "\

MINISTERUL
ATIELSI

EDUCATIEI §I
/\IIA CERCETARII
o AT 4 T 1N R
K- 202 v €A
JONLINE
)

™ GOLD MEDAL..e..

Thermoelectric vacuum gauge

Belotercovschii Igori, Sidorenko Anatolie, Condrea Elena, Morari Roman

President of International Jury President of Exhibition
Dr.Eng. Mohd Mustat am ABDULLAH Prot e SANDY
Oyt N al P

/Y

""@: men Nl

N\
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MINISTERUL EDUCATIEL CULTURII $1 CERCETARII AL REPUBLICIIMOLDOVA
Institutul de Inginerie Electronici i Nanotebuologii . D. GHITU”

Valva de spin Josephson pentru elemente de memorie criogenica
(Josephson spin valve for cryogenic memory)
Anatolie Sidorenko, Roman Morari, Nikola1 Klenov
contaet:

D.GHITU IIEN, Academmiei 3/3, Kishinev MD2028 Meoldova
Tel 37322-737092; FAX 37312-727088; e-mail anatoli.sidorenko@kit.edu

EUROINVENT 2024, Iazi, Romania 23 Mai 2020

This Innovation is based on 2 patents of Moldova, obtained within the project
implementation:

1. Hotarire de inregistrare a desenelor si modelelor si modelelor industrial. Nr.depozit:
f20190041, Data depozit: 2019.05.23. Data publicarii: 2019.09.30. Vacuumetru.
BELOTERCOVSCHII Igori, MD, SIDORENKO Anatolie, MD; CONDREA Elena, MD; MORARI
Roman, MD.

2. Cerere de brevet de scurta durata. Ne2063 din 2020.06.16. BELOTERCOVSCHII Igori,
MD; SIDORENKO Anatolie, MD; CONDREA Elena; MORARI Roman, MD. Vacuummetru
termoelectric.

M WL
EDUCATIEI 51

= CERCETARIT

2P TN

¢ S
3
-

&

=& DIPL

The magnetic field preliminary method of wheat seeds in the presence of
magnetite particles

Anatoli Sidorenko, Tatiana Gutsul, Vladimir Fedorov, Coscodan Elena, Shibaev
Alexandr, Petrenko Petr

President of International Jury President of Exhibition

g oh Misiag ATpain ASCULLAN Prot, Jon SANDU_
= Z P Ll /—/,,
~ 2=t

. /5
s ¥y (=] Rl
May 23,2020 o gmians H A i

CULTURI 51

Institutul de Inginerie Electronici si Nanotehnologii ,,D. GHITU”

Metoda de tratare prealabila a semintelor de grau in prezenta nanoparticulelor de magnetit in
camp magnetic
(The magnetic field preliminary method of wheat seeds in the presence of magnetite nanoparticles )
Brevet Nr. 1997 din data 26.12.2019

Coordinator of the project: Academ. Anatolie Sidorenko
co-authors: Tatiana Gutul. Vladimir Fedorov, Coscodan Elena, Sibaev Alexandr. Petrenko Petru

IIEN ,D. GHITU™ ASM, Academiei,3/3, Chizinau, MD 1028, Meldova.
Tel: +37322-737092; Fax: +37322-T27088; e-mail: directiai@nane.asm.md

EUROINVENT 2020, Iazi, Romania, 23 Mai2020
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14.1. Other activities

Participation of SPINTECH in the European anti-COVID Hackathon on 24-30 April 2020
Moderator of the European anti-COVID Hackathon Daniel Wallner wrote:

la daniel wallner 10:06

Good morning community! We did it! Our hackathon finally comes to an end - we hope

you all had a good time with us

we sure did! With 2140

numbers of projects

YOU created, you can be really proud of yourselves We will come back to you on

Thursday 30th of April 11 AM CEST with our award ceremony and the results

Thank you for joining us in this Hackathon-journey!

Research and innovation - AGAINST COVID-19

SPINTECH project members - participants of the

FIRONIC Tatiana
Republic of Moldova

i} Fe! Ag Sk

EU Anti-COVID Hackathon awarded on

30" April 2020 with diploma for the elaboration “SPINTECH-Mask”

Pan-European Hackathon

#EUvsVirus 2020

DEVELOPMENT

Anatoli Sidorenko

Health & Life
SPINTECHMask

Pan-European Hackathon

#EUvsVirus 2020

DEVELOPMENT

Evgheni Antropov

Health & Life
SPINTECHMask
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https://app.slack.com/team/U011GRSFXJ9
https://euvsvirus.slack.com/archives/C0113PJ5V37/p1587971201021000

Publication in press about anti-COVID elaboration of the SPINTECH team:
MongaBckue yyeHble paspaboTanu ABa NpoekTa 3awmTbl meankos oT COVID-19
18:39 02.05.2020
AneHa Mameeesa
Tema:
KopoHaBupyc HOBOro TMna pacnpocTpaHaeTca no mupy (1011)
OTeyecTBEHHble UCCNEAOBATENIN  OTKAMKHY/IUCb HA  HEMNPOCTYyl0  CUTyauMio,
CNOXKMUBLUYIOCA B CEKTOpe 34paBOOXPAaHEHUA U NPeACTaBUIM BapuaHTbl "YMHOro
wurta" pna Tex, Kto B cuny npodeccuoHanbHbiX 06A3aHHOCTEN nNoABeprKeH
HanbonbLiemy pUCKY MHPULMUPOBAHUA.
B KULLUUHEB, 2 mas - Sputnik. B Mongose uucno
;,/w ‘\) 3aparKeHun KOPOHABMPYCOM HOBOFO TUMa cpeam
MeANUMHCKMX PabOTHMKOB nepellarHyno 3a
TbicAvy. MNMoka 60/blan YacTb KUTenem CTpaHbl
npebbiBaeT B CaMOU30ALMU, UMEHHO MEAMNKM
HaxoaaTca Ha nepegoBon B bopbbe
MHOEKUMEN, U LWAHCbl 3apa3nTbCA CAMUM Y HUX
[0BOJ/IbHO BbICOKM. OTeYeCTBEHHbIE OAN HaYKK
OTK/IMKHY/ICb  Ha  HEMpoOCTyl0  CUTyauMto,
CNOXMMBLUYIOCA B CEKTOpe 34paBOOXPaHEHMA, W NpencTaBuan CBOM pPa3paboTkuy,
KOTOPble MOMOTYT COTPYAHUKAM MeLMULIMHCKOM cucTeMbl 3amnTmnTbea oT COVID-19.
"YuyeHoble Mondoebl cmaparomca nomMovs epayam mem, Ymo 8 Hawux cuaax. Mol
OMKAUKHYAUCb HA cumyayuio, Komopas csaoxcuaace e pecnybauke. Mol dymanu ob
amom u c nomouwbto epaveli eKaAw4UAUCb 6 npobaemy”, - pacckaszan Sputnik
dupekmop UHcmumyma 3neKmpoHHOIli UHM¥CeHepuu U HaHomexHoso2uii Mondoebl
akademuk AHamoanuli CudopeHKo.
OOMH M3 NPOEKTOB, MPeA/IOXKEHHbIM YYEeHbIMM, KacaeTcs caHauMuM megnepcoHana. B
OCHOBY MeToAa B3ATa MAes, KOTOpPan UCMbITbiBAaNacb B BOpHUUYEHCKON TybepKynesHow
601bHMLE ANA NeYeHMna NALMEHTOB 0byYeHMeMmM yabTpadroieToM.

4

{

'4!""\-\'
A

https://ru.sputnik.md/society/20200502/30105560/moldavskie-uchenye-predstavili-
dva-proekta-dlya-zaschity-medikov-ot-covid-19.html
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https://ru.sputnik.md/authors/alena_matveeva/
https://ru.sputnik.md/trend/coronavirus2020/
https://ru.sputnik.md/
https://ru.sputnik.md/society/20200502/30105560/moldavskie-uchenye-predstavili-dva-proekta-dlya-zaschity-medikov-ot-covid-19.html
https://ru.sputnik.md/society/20200502/30105560/moldavskie-uchenye-predstavili-dva-proekta-dlya-zaschity-medikov-ot-covid-19.html

15.1. Outreach events

SPINTECH outreach event - visit of the Castel MIMI:

3 ! ) s
e~ ST Y s

Prof. A.Sidorenko og;nised SPINTECH outreach event within SPINTECH winter school
(10-11 December 2021, Chisindu, Moldova) for participant - the external session in the
castle MIMI on 11.12.2021

Outreach event in national Complex Cricova:

¥,

PATRIVONIL
NATIONAL A
P oLt

T

SPINTECH consortium organised outreach event within SPINTECH Winter School
“Spintronics highlights: Artificial Superconducting Synapses and Neurons” (21-22
January 2022, Chisindu, Moldova) - external session on 22.01.22 in “Cricova” national
complex of Moldova
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Outreach event in Nationalmuseum Stockholm:

Prof. V.Krasnov organized outreach activity in frame of the SPINTECH-school (03-04
February 2022) - the external session, visit on 04.02.2022 the Nationalmuseum (Sédra
Blasieholmshamnen 2, 111 48 Stockholm.), increasing the general level of IEEN
collaborators, making acquaintance with the grate masterpieces of the world, collected
and presented in Stockholm.

Outreach event in Technical Museum Hengelo:

Prof. A.Golubov oanized‘outre&ach event in frame of the SPINTECH-winter school (10-
12 February 2022) - the external session, visit on 12.02.2022 of the Technical Museum
Hengelo, for extension of general knowledge of the project participants

16.1. Summing up of the SPINTECH project results

As the result of three and half years SPINTECH project implementation, were achieved:
* Increasing of the skills and professional level of the D.GHITU IEEN collaborators in
spintronics, thank to the staff-exchange working visits: 16 collaborators of the Institute
worked in Uni-Twente and in Uni-Stockholm, learning the newest technologies of
samples fabrication, the methods of their characterization and measurements at ultra-
low temperatures. That increasing has a quantitative parameter: Hirsh — index of the
Institute increased 2 times, Hirsh index of the coordinator, Prof. Anatolie Sidorenko
increasd from Hi-13 at the start of the project to Hi-23 in 2022.

e 7 students, participated in the project, defended their diploma;

* 3 -—gained Master title;

* 2 PhD thesis are preparing in frame of the project;

81



* |IEN won in 2020 National project “Functional nanostructures and nanomaterials for
industry and agriculture” of the State Program RM (2020-2023);

* In 2022 two proposals of new project are submitted to the HORIZON-Europe
program: HORIZON-CL4-2021-DIGITAL-EMERGING-02-16: Basic Science for Quantum
Technologies (RIA), project “QUPOCOS” in January 2022 and “LAPLAS” in March 2022
as the follow-up result of the SPINTECH project.

One can conclude, that the goal of the SPINTECH project "boosting of excellence” of
the D.GHITU Institute of Electronic Engineering and Nanotechnologies was achieved as
the main result of the project implementation.
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Attachments

MIMISTERUL
EDUCATIEL CULTURII

ST CERSETART | This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No £10144
c @ “Boosting the scientific excellence and innovation capacity in spintronics of the
v S D. GHITU Institute of Electronic Engineering and Nanotechnologies of Moldova”

B SPINTECIH

Synapses based on superconductor-ferromagnet
heterostructures fundamentals and fabrication.
coordinator of the project
acad. Sidorenko Anatolie

— goals, achievements, networking

SPINTECH Training workshop “Artificial Synapses for
Spintronics”, 24-25 February 2022, Chisindu, Moldova

@ UNIVERSITY W &
OF TWENTE, Stockholm

University

Institute of Electronic Engineering and Nanotechnologies,
Chisinau, Moldova - in a tight collaboration with partners:

Valdimir Krasnov e Alexander Golubov, I o
i g i QO Mikhail Kupriyanov,
Stockholm University Twente University [ Hikolsi Kleno,
Meoscow, Russia
MOLDOVA
_ i UKRAINE Vasily Stolyarov,
O . R, . = L MIPT, Dolgopgny, Russia
Bernhard Keimer O g
Yurii Khadukov, ' omam - jpadntestz Aexander Vakhrushey
Stuttgart, Germany 3 L5l -— g Izhevsk, Russia

" oFalsti

O Horst Hahn

Karlsruhe, Germany ROMANIA

®)
Lenar Tagirov
Kazan, Russia

0 ——mm= 50 km
0 a—— 30 miles

RLACK
SEA

Site of SPINTECH - https://www.h2020-spintech.eu/

(@,
partner- EU project: MELON (Amienne, France) - Igor Lukyanchuk _https://www.melon.ferroix.net/
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Goals of the HORIZON-2020 project

* The overall aim of the “SPINTECH” project is:

boosting the scientific excellence and innovation capacity of
the D. GHITU Institute of Electronic Engineering and
Nanotechnologies in the field of spintronics

— especially in the development of advanced technologies
for design and production of superconducting spintronic
devices and base elements for novel computer with non-von
Neumann architecture — brain like artificial networks

Motivation of the work: Limits of semiconducting technology
- LARGE size and huge Power consumption

Data Centers: Facebook Data Center Supercomputers: K-Computer (Japan)
: “yy Lul 4, Sweden @E www.top500.org

= 2014 completion target
= Cost: ~760 M$
= Mearby Lule River generates

9% of Sweden's electricity (~4.23 GW) =e
= Average annual temperature: 1.3 °C

Courtesy of S. Holmes

Top500 No. 4 supercomputer: K-computer (Japan):
Data Centers: Luleaﬁ 10.51 petaflop/s, 12.7 MW
O Cloud computing | data cenfar: " .
O Banking 120 MW Top500 No. 1: Tianhe-2 (China):
O shopping (max power) 33.9 petaflop/s, 17.8 MW
O social Networks O i
O Search Engines.. : EDD rating updated in June 2014

After O. A. Mukhanov, HYPRES Inc, USA
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Superconducting solution -

Rapid and energy-efficient platform for neural network and quantum
computer with non-von Neumann architecture

| t /0 channels
T 1

[ Supercond. RISC processor - }

data /O and management

Superconducting cross-platform

processing system

Temperature levels of operating
The same base elements! ANN and Quantum Computer

Scientific Colaboration —staff-exchange: 16 members of IEEN -42
person-months worked in SU and U-Twente

organization of scientific events - seminars, winter- and summer schools.
* Universitaty of Stockholm — Preparation of samples using the FIB technique
on plasma ,Oxford Plasmalab 100" and "Focusing lon Beam lithography” (FIB),
Organization together with IEEN , Twente various scientific events —
2 international conferences, 3 winter and 3 summer schools,

7 targeted training workshops and a lot of seminars
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Training workshops, conferences and summer schools
- 7 planned training workshops in Chisinau, Twente and Stockholm
and 2 international conferences were organized in Chisinau:

< In September 2019
And

| Pt s st
S5 yid St o Spmiots”
700 Sepembzr 28 L]
o e

it

In September 2021 >

Publication of planned book after the conferences:

© BEILSTEIN JDURNAL OF NANCTECHNOLODY

Functional nanostructures

. for electronics, O BEILSTEIN JOURNAL DF NANOTECHNOLOGY
spintronics and sensors
Edited Dy Anatoiie S. Sidorenko Thematic [ssue:

Intrinsic Josephson effect
and prospects of superconducting spintronics

Editors:
Prof. Anatolie Si , Instite of Electronic and Nanatechnologies, Moldova
Prof. Viadimir Krasnav, University of Stackholm, Sweden

Prof. Horst Hahn, Instite of Hznotechnology, Karlsrue Instiute of Technology, Germany

; Will be - published in May 2022
- Was published 30 November 2020
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Outreach activity — organization of open-door events and national
seminars :

1. Seminar Republican al Societatii Fizicienilor Moldovei (SFM). IEEN Chisinau, Moldova, 19 April
2021, Chisnau, Moldova - «Quo Vadis? 3TMKa Hay4HOrO MOWCKA - MCKYCCTBEHHbIE
HelpOoHankHble ceTHs- acad ASM Anatolie Sidorenko

2. Seminar Republican al Societatii Fizicienilor Moldovei (SFM). IEEN Chisinau, Moldova, 14 lune
2021, Chisnau, Moldova — «Quo Vadis? - Etica cercetarilor stiintifice - nanotehnologiile in
Iupta cu maladiile oncologices - Prof. Flur Macasv.

3. Seminar Republican al Societatii Fizicienilor Moldovei (SFM). IEEN Chisinau, Moldova, 08
September 2021, Chisnau, Moldova — «Quo Vadis? - Etica cercetarilor shmtlrce -
Jahn-Teller and Pseududahn —Teller Effects» - Acad. ASM, Professor of the University of
Texas (USA) Isaac Bersuker.

s @ s

BpiNTECH

AVIZ

Sedafa Semoreh Bopobboan de Fisiel va avea Joc.
Lunl. 14 ke M2, oen 1100,
bm'-u.k.-—.n.m;um.nm‘ Jrp—
Froseenas Innmapeecd “SPINTECH (g agmvstmoes # 320146}

Geding v v boe s lin b ogims vicdos confirensas.

Generical seminariui
Quo Vadis? Efien cervetiriler stinefice - nastchnoloziile in hpei o
malsdiile anesligics.
Bk da 7
T eciogin i o ) precietd rpee sk Se b b
——

Link pastry sonactare I3 platfom-ugie, mest a5t bt &-mad

Acaderscion A Sidoreck, Frepadicie ol SFBE

Organized 2 conferences and 6 schools (3 summer, 3 winter)

@ m= O

Frape SPVTEE

| The 120l Tntermarivaad Confevence ou Luinasie Jusephsan Efeci
s Horizors of Sugerrandncting Spintronics

D e T——
Fysikum o o Py g
ya | nrhewwmnu'nw»q wmrwl-\-\a.
kg ey e mpeiase f b crpen furs Unsenay of [
Progris o che Tridning otk = demipag & wn it md el ol e

e A Ui icera] mpabiig e g
Brain like Artificial Newral Ni

ks Supersonducting
Spintranic's Alfernative «
SPINTECH Samaner ool v =
2738 M ML Swctieln, Swndey
051w

@ § MESA+ SPINTECH

TR AT SPINTECH Winter School

Noncanventional Superconductivity
Implementation in Spintranics
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Increased excellence

Summing up

* As the result of three and half years SPINTECH project implementation, the main goals, announced
in the project proposal and in the Grant Agreement are achieved, in particular:

+ It was achieved increasing of the skills and professional level of the D.GHITU IEEN collaborators in
spintronics, thank to the staff-exchange working visits: 16 collaborators of the Institute worked in
Uni-Twente and in Uni-Stockholm, learning the newest technologies of samples fabrication, the
methods of their characterization and measurements at ultra-low temperatures. That increasing has
a quantitative parameter: Hirsh — index of the Institute increased 2 times, Hirsh index of the
coordinator, Prof. Anatolie Sidorenke increasd from Hi-13 at the start of the project to Hi-23 in 2022.

s 7 students, participated in the project, defended their diploma,
+ 3 - gained Master title,
+ 2 PhD thesis are preparing in frame of the project

+ IIEN won in 2020 National project “Functional nanostructures and nanomaterials for industry and
agriculture” of the State Program RM (2020-2023).

+ In 2022 two proposals of new project are submitted to the HORIZON-Europe program: HORIZON-
CL4-2021-DIGITAL-EMERGING-02-16: Basic Science for Quantum Technologies (RIA), project
“QUPOCOS” in January 2022 and “LAPLAS” in March 2022 as the follow-up result of the SPINTECH
project.

One can conclude, that the aim "boosting of excellence” of the D.GHITU Institute of Electronic
Engineering and Nanotechnologies was achieved as the main result of the SPINTECH project
implementation.

In-situ analysis of magnetic states in
small S/F heterostructures

oS Vladimir Krasnov

Special thanks to:
SU: T.Golod, O.Kapran, A.lovan, E.Borodianskyi,
|IEEN: R. Morari, V. Boian, A.S. Sidorenko,
. UT:A.Golubov
The work as supported by the European Union H2020-

WIDESPREAD-05-2017-Twinning project “SPINTECH™ un- ¢ @J

der grant agreement Nr. 810144,
SPINTECH

SPINTECH Summer school,
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Generation of odd-frequency spin-triplet order
parameter in S/F heterostructures

SFFF'S

A. I. Buzdin, Rev. Mod. Phys. 77, 035 (2005).
F. S. Bergert, et al.. Rev. Mod. Phys. 77, 1321 (2005). s P
Y. Asano, ot al, Phys. Rev. B 76, 224525 (200?} mu i Lfg

-
]
w

Ya. V. Fominov, et al., JETP Latt. 81, 308 (2010).
A. 5. Mel'nikov, et al., Phys. Rev. Lett. 109, 237006 (2012).
And many mors.. A x

Triplet
(s=1)

Singlet
(5=0)

] x XE[ 1+ )

7 (1 u*

V2 =1
x i

From M. Eschrig, Rep.Prog.Phys. 78, 104501 (2015)

L/ IAGATF 4T, |

Houzer, Buzdin, Phys. Rev. B 76, 060504(R) (2007).

+ Transistor-like operation!

- Complex behavior, many degrees of freedom, domains, size, shape anisotropy...
Need tools for in-situ control to prove the triplet nature

A much simpler case: SFF'S

= S N : A significant
a |/ J 0=0 tunable
z °":-'-___.:_—._:_:"’ 2nd harmonic
I o=z /| current !
E ‘\‘ 'f.‘

% o5 Al

L. Trifunovic et al, Phys. Rev.
MANY experimental efforts:

JW.A. Robinson, et al, Science 329, 50(2010). — 1 5
T.5.Khaire, et al., Phys. Rev. Latt. 104, 137002 (2010). ! s b
N. Banerjee, et al., Nat. Commun. 5, 4771 (2014). pmem = -
W. M. Martinez et al,. Phys. Rev. Lett. 116, 077001 (2016). L
J.A. Glick, ot al., Sci. Adv. 4, 0aat0457 (2018).

K. Lahabi, ot al., Nat. Commun. 8, 2058 (2017).

0. Vévra, et al., AIP Adv. 7, 025008 (2017).

D. Lenk, ot al., Bailstain J. Nanotechnol. 7, 957 (2016).

+ Many more...

A. 5. Melnikov, et al., Prys. Rev. Lett. 108, 237008 (2012).  Both singlet and triplet
How to distiguish and prove?
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What to expect? Numerical modeling of SFF’S spin valves
using micromagnetic simulations: Monodomain case

nF T
(a) L L i)y
100x100

[ 50m50

T

M/
2

o
H_(De) H, iCe}

Clear distinction: Singlet current
Singlet: One peak in the AP state, a=n, corresponds to the clear intermediate M(H) step
Triplet: Two peaks in the non-collinear states, o=+mn/2, —w/2.

Triplet current

A lovan and V. M. Krasnov, Phys. Rev. B 96, 014511 (2017).

Multi-domain cases

e N L " L L L L . L
-1000 500 [ 500 000 1000 -500) o 500 1000 1000 £ 0 00 1000

H {Oe) H, (Oe) H, {O=)
Triplet current Singlet current

Unclear distinction:
Singlet: One peak, but no intermediate M(H) step
Triplet: Two peaks merge in one.

Details depend on geometry, sizes, shapes.

A. lovan and V. M. Krasnov, Phys. Rev. B 96, 014511 (2017).
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I. Experimental analysis of nano-scale SFS junctions

T
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0. Kapran, et al., PRE 103, 094509 (2021)

In-situ characterization by Absolute Josephson Fluxometry (AJF)

Nb/Ni/Nb junctions
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O. Kapran, et al., PR 103, 094500 (2021)



In-situ characterization by the First Order Reversal Curve (FORC) analysis

Nb/Ni/Nb junctions
400 T T 400 T
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Trivial hysteresis: Just a shift of /.(H) patterns without distortion. Follows M(H)
curve of the F-layer. No domains. Singlet current only!

. Kapran, et al., PRResearch 2, 013167 (2020)

1. Experimental analysis of nano-scale SFF'S Josephson spin valves
Nb/Ni,/Cu/Ni,/Nb

F,NF, spin valve

JS\.’:I Nb-’NiiEhl‘l‘l]Cll[;Unm]NiETI'II'I'I].-'NIIJ
L 160 x 860 nm’ 4

-?'1000 ’ -2000 ' -1000 I o ’ 1000 I 2000 I 3000
H, (Oe)
Different from SFS:

Double peak!

‘0. Kapran, et al., PRResearch 2, 013167 (2020)
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5

In-situ
characterization
by FORC
and MR
Nb/Ni,/Cu/Ni,/Nb
Josephson
spin-valves

Hysteresis |(H)

)

I (pA)

+ Clear correlation
between the dip in /.(H)
and the peak in MR in
the AP state a=n.
(singlet current)

g

1 (A

+ Two peaks arround in

non-collinear states
o=+m/2, -2

(triplet current)

z

AR (i)

0. Kapran, et al.,
PRResearch 2,
013167 (2020)

Conclusions:

Analysis of the triplet state requires in-situ characterization of magnetic
states in complex nano-devices.
Depends on:

size, shape, thicknesses, composition, structure (dirty-clean), domains...

We demonstrated in-situ characterization technigues:
- Magnetoresistance

- Absolute Josephson Fluxometry

- First order reversal curve analysis

* Obtained evidence for controllable monodomain remagnetization of
Josephson spin valves

* Unambiguous evidence for existence of both triplet (~70 %) and singlet
(~30%) supercurrents through a strong ferromagnet Ni.

The work was supported by the European Union H2020- ¢ Q
WIDESPREAD-03-2017-Twinning project “SPINTECH™ un- v_;
der grant agreement Nr. 810144,

= SPINTECH
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DA N NA LA B Materials Analysis by X-Ray Diffraction

X-ray Scattering Tools for the Characterization of
Layered Structures

Vladimir Kogan, Joachim Woitok

SPINTECH - TWENTE training workshop 2021,
University of Twente, 20-21 October 2021

100M =
1om \
- 1M
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DA N NA L A B Materials Analysis by X-Ray Diffraction

Contents

+ Introduction in the analytical needs of layered structures
= What you need to know about XRR

+ How does the XRR analysis work

« The role of roughness

« Examples (including estimations Nb/Co)

« Summary
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DANNALAB

Materials Analysis by X-Ray Diffraction

Thin films

Thin film(s): layer(s) of material(s) ranging from fractions of
nanometers (nm) to micrometers ([um) in thickness
deposited on a substrate

DANNALAB

crystalline
poly-crystalline
amorphous

Materials Analysis by X-Ray Diffraction

Relevant thin film types

15 CISNSNIVES

Nearly perfect epitaxy (thin film
orientated to substrate parallel and
perpendicular) — GaAs based

Imperfect epitaxy (thin film
partially orientated to substrate
parallel and perpendicular) — GaN

Textured polycrystalline (orientation
unrelated to substrate but defined by
growth) — CdTe, CIGS

Non-crystalline layers (no correlation
beyond a bond length) — amorphous
Si, nano-Si
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DA N NA LA B Materials Analysis by X-Ray Diffraction

Film properties of interest

+ geometry (thickness, ...)

» topography (roughness, sub-micro structures)
» chemistry (elements, composition, bonds)

+ crystallography (structure, texture, defects)

» mechanical prop. (stress, hardness, density)
+ optical prop. (colour, refr. index, scattering)

+ electrical prop. (conductivity, permittivity, ...)

DA N NA L A B Materials Analysis by X-Ray Diffraction

X-ray methods for thin films and layers

X-ray Reflectometry (XRR) In-plane Scattering
« Thickness, density, surface roughness + Nano-layers
+ Lateral and depth correlation *Nano-structures
* In-plane properties

High-Resolution Diffraction Texture Measurements
+  Qrientation +  Orientation of grains
- Epitaxy, lattice mismatch

+  Phase composition

»  Thickness

«  Curvature



DA N NA L A B Materials Analysis by X-Ray Diffraction

Steps in the X-ray analysis of layered structures

A N L1l .
A [ Substrate _|
p
N L1l
L«
— L

Log
intensitv
=
/
\\

DA N NA LA B Materials Analysis by X-Ray Diffraction

X-ray reflectometry

1@
100M —
w O\
b
™ \
4
— 0k "nll\"\l']l
o (RIATAY
1K
o iy f\/\fr\
-
100
1
1
01
00 05 10 15 20 25 a0

« Determination of layer thicknesses and densities (also
roughness)

- Non-destructively, no limitation to sample crystallinity
« Detection of very thin layers (down to 1 nm)
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DA N NAL AB Materials Analysis by X-Ray Diffraction

X-ray reflectometry performance

Reflectometry:
* density: +1-2%
« thickness: + 0.5- 1 % (max. about 1000 nm)

« (roughness:  model dependent (reproducibility 5%))

Alternative methods:

= density: RBS, refractive index (-)
+ thickness: optical methods, TEM (-)
» roughness: interferometry, AFM, profilometry

(only surfaces)

DA N NA LA B Materials Analysis by X-Ray Diffraction

The X-ray index of refraction

2
T ky =
n=1-3 - ip A
;=1 k
5 /rg-NA Y Z+f X / o
@ —=W * -
i\ 277))6 4 b et " n
n=1-5 « M " " .
=
re'NA 22 p " !I}" n .‘“- " /’l “
= = 1" =L P
p 2z Af 4z
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DA N NA LA B Materials Analysis by X-Ray Diffraction

Numerical examples

density 5106 p-10¢

[a/cm-]
Si 2.32 7.57 017
Si0O2 2.26 7.33 0.09
Nb 8.57 2410 1.61
Co 8.90 23.84 3.41
Cu 8.96 24.39 0.58
W 19.3 4573 4.07

Cu Ka;: 0.15406 nm

DA N NA L A B Materials Analysis by X-Ray Diffraction

Boundary conditions at the interface

S ——vacuum
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DA N NA L A B Materials Analysis by X-Ray Diffraction

Continuity at the interfaces

reflected beam k,cos o, = k. cos @,
k,=k = o,=0, specular reflection
transmitted beam | K, cos @, = k cos o, k=nk,
N, COsS ; — N, COS O Snell’s law

13

DA N NA LA B Materials Analysis by X-Ray Diffraction

Consequence of X-ray refraction

100



DANNALAB

Materials Analysis by X-Ray Diffraction

Total external reflection

15

DANNALAB

Materials Analysis by X-Ray Diffraction

Critical angle

(e, =0)

cos@, =n,

Y

Numerical examples

density 5-108 ¢

[giem] ]
Si 2.32 7.57 0.223
Si0o; 2.26 7.33 0.219
Nb 8.57 241 0.398
Co 8.9 23.8 0.396
Cu 8.96 24.28 0.413
w 19.3 4573 0.548

16

Cu Koy: 0.15406 nm
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DA NNALA B Materials Analysis by X-Ray Diffraction

Fresnel equations

E(7.1) = Aexp(i(k7 — o))

Plane of reflection

1 Op<O¢

2
R=‘f}_1__J‘ < ~1og* @p>1.50,

DA N NA LA B Materials Analysis by X-Ray Diffraction

Understanding the critical angle

1-05%:__%”
0.8 —
06 ‘I ©,?
R - | SI \"\‘ W
0.4 "\ (B/6:0.01) | (p/: 0.09)

0.2 k “\\H_H%—j_

80 01 02 03 04 05 06 07 08 09 1.0

Omega (°)
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Materials Analysis by X-Ray Diffraction
Penetration depth

10000 T
1000
Si:32 A =
Co: 18 A -
0o b
1 p7 |

Zoo

= —_
2z \ N1 pZ

10 i i .
0 05 10 15 20
®glo,
1/2
(5 —26,)" +48" — (e — 2(5,)}
20

DA N NA LA B Materials Analysis by X-Ray Diffraction
Thickness fringes

A=(4B+BC)n, D
A=2-d-n -sino,

x2-d-o =2-d ol -2,

21
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Materials Analysis by X-Ray Diffraction

Thickness fringes XRR

22

DANNALAB

Reflectivity (R)

1E+0D
1E-1
1E-2
1E-3
1E-4
1E-5
1E-6
1E-7

Nb layer on Si substrate

8 nm
40 nm

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Omega/2Theta ()

Materials Analysis by X-Ray Diffraction

Density contrast

23

Reflectivity (R)

1E+0

1E-4

1E-5

Si0, (8 nm) \ ]
Si

0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2
Omega/2Theta (*)

Si: 2.32 Si0O,:2.26 Nb: 8.57 g/em?
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DA N NALAB Materials Analysis by X-Ray Diffraction

Typical XRR setup

i late .
G, s _ﬁ
pckr X-ray tube
monochromator —

) X-ray mirror
beam size: 0.1 x 5 mm?

divergence: 0.04°

Slit 0.1 mm
Detector

24

DA N NA L A B Materials Analysis by X-Ray Diffraction

Sample illumination

beam width 1.2 mm

1000 E

-
o
=]
T
1

beam width 0.2 mm

llluminated length (mm)
=

Incident angle

25
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DA N NA L A B Materials Analysis by X-Ray Diffraction

Information content of a XRR curve

0oL Plateau: sample size, flatness, absorption, instrument

Critical angle: density

10 kb
107§
> Distance of oscillations: layer thicknesses
s 100k
>
2 /
é' 10k — Amplitude: r'cug_hness, resolut_ion,
é‘ interface quality,

density variations

10k Shape: —_—

roughness,
106k density background:
instrument
107k
1 1 1 1 1 L 1 1 i
0.0 05 1.0 1.5 2.0 2.5 30 35 4.0

Angle of incidence 0 [deg]

27

DA N NA LA B Materials Analysis by X-Ray Diffraction

Advanced data evaluation XRR ,
density

[ETayer T thickness

roughness

Model layer #2
layer #1

4 -

Full pattern simulation

Measured data = ’

28
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DA N NA LA B Materials Analysis by X-Ray Diffraction

Example — Si/Si0,(95nm)/ Ti(23.5nm)/TiN(33.3nm)

Drwega 45650 Phi0 00D 000

2Theta 295700 Pi0.00 ¥ ano
W00M

T2 1 (22 58021
W |
ool

G N
00K "\ﬁ

25 30
Ormega‘2Theta degiaes]

29

DA N NA LA B Materials Analysis by X-Ray Diffraction

Example: Ultra thin layer

!
107 HfO, d=2.35 nm, R=0.48 nm
d=13.79 nm, R=0.32 nm
. R=0.75 nm

-;J
E
g
10
.I

g 5 T = A RUME - " U
0 05 10 20 EX] 4.0 50 6.0
Omega/2theta

30 20
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DA N NA LAB Materials Analysis by X-Ray Diffraction

The role of roughness

(kj—l o k]) ef2ﬁ2kj_lkjcrz-

J-Lj

U T k)

(Névot and Croce, 1980)

31

DA N NA L A B Materials Analysis by X-Ray Diffraction

Effect of roughness

1 N\
.. 107 2N N
? \,/ \\ =N Os OL
E 107 | \\/; N\ A 0o
T 104 \/ N7/ \k/ | 5 0
~ \/ -. Y=

107 | T 5 10

109 [A]

00 02 04 06 08 10 12 14 16 18
Omega/2Theta(")
32
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DA N NA L AB Materials Analysis by X-Ray Diffraction

Off specular scattering due to roughness

B

,

L —‘Lf":‘ hy
Perfectly flat interface Rough interface
Specular scattering is Diffuse scattering is
coherent incoherent

33

DA NNA LAB Materials Analysis by X-Ray Diffraction

Diffuse scattering

X-ray scattering which is not specular

+ Information about scale of roughness parallel to
interface (lateral correlation)

« Particularly useful for multilayers (vertical
correlation)

+ Use o scans at fixed 20 or offset @/20 scans or
20 at fixed o

+ Or use 2-axes scans

34
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DA N NA LA B Materials Analysis by X-Ray Diffraction

Experimental confirmation of roughness

counts/s
100M

10M—|

o ———

M 0 Si substrate

0.0 ‘ 05 ‘ 10 ‘ 15 ‘ 20 25 30
Omega (°)

35

DA NNALAB Materials Analysis by X-Ray Diffraction

Provided sample information

‘ Sample structure (nm)

#l S1/Nb(40)/Co(2.5)/S1 cap

#2 S1/Nb(150)/Co(10)/Nb(150)/S1 cap

#3 S1/Nb(50)/Co(1.5)/Nb(8)/Co(2.5)/Nb(8)/S1 cap
#4 S1/Nb(150)/Co(4)/Nb(150)/S1 cap

What can we expect from a XRR analysis?

36
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Materials Analysis by X-Ray Diffraction

Simulations sample #2 and #4

1E+T
1E+6
1E+5

TE+d

TE+3 #2
1E+2 #4

1E+1

Intensity (cps)

1E+0

+ Signature of Si thickness is main feature
+ Nb and Co fringes are hardly resolved
+ Critical edge position points to Nb/Co

1E-1

04 06 08 1 1.2

#4
®  |ayer No. Type Marerial
» g Sngle i [Diamand]

3 Sngle b [DenstyOnly]

2 Sngle Co [DensityOnty]

1 Sngle b [DensicyOnly]

Sub., Substrate 51 [Diamend]

37
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14 18 .8 2 2.2 24 26 28 E
Omega/2Theta ()

Density (gfcm®)  Thickness (nm) Roughness (nm)

2328 70 1o°
8.57 150.0 1.0

8.9 4.0 05"
8.57 150.0 0.5
2.328 6000000 0.5

Materials Analysis by X-Ray Diffraction

Simulation sample #1

+ Beating feature from Si thickness
* Fringe pattern from sum of Nb and Co

1E+8
— 1_Nb_Co_SIM_#2.ascnxl
TE45
1E+4
Z ez
&
&
L EtZ
£
1E+1
1E40
TE-1
04 06 08 1 1.2 14 15 18 2 22 24 28 28 El
Omega/2Theta (%)
#®  Layer No. Type Materal Densty (g/cm®)}  Thickness (nm) Roughness {nm})
v 3 sngle S [Diamend] 2328 80 10
2 Sngle Co [DensityOniy] B9 2.5 1.0
1 Sigle b [DensityOnly] 8.57 40.0 05
sub. Substrate 51 [Diamond] 2.328 600000.0 0.5

38
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Materials Analysis by X-Ray Diffraction

Simulation sample #3

39

Intensity (cps)

TE+T
1E+6
1E+3
1E+4d
1E+3

+ Beating features from Si, Nb, Co

* Fringe pattern from sum of Nb and Co

TE42
1E+1
1E+0
0.4 1.2 18
Omega,»zheta[ )
#®  Layer No. Type Material Densty (gfam?)  Thickness (nm) = Roughness (nm) Relax (%)
k6 Sngle 5i [Demond] 2.328 7.0 1.0 0.0
5 Sngle Nb [DensicyOnly] 8.57 8.0 1.0 0.0
4 Sngle Co [DensityCnby] B9 25 0.5 0.0
3 Sngle Nb [DensicyOnly] 8.57 8.0 0.5 0.0
2 Sngle Co [DensityOnby] B9 1.5 0.5 0.0
1 sngle Nb [DensiyOnly] 8.57 50.0 0.5 0.0
Sub. Substrate Si [Diamend] 2328 600000.0 0.5 0.0

DANNALAB

Materials Analysis by X-Ray Diffraction

Summary

¢ X-ray reflectometry
* Reliable and fast determination of layer thicknesses
and densities

* Non-destructive, no limitation to sample crystallinity

* Detection of very thin layers (down to 1 nm)
* Sample size should be larger than 1x1cm?

* Diffuse X-ray scattering
* Complementary to XRR
* Assessment of vertical correlation and in-plane

correlation lengths of surfaces and interfaces

40
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Physics of proximity effect in

Superconductor/Ferromagnet structures

Alexander Golubov

University of Twente, The Netherlands

SPINTECH - winter school
Functional nanostructures — modelling, design, characterization
University of Twente, 10-11 February 2022

C
MESA+ N2

INSTITUTE FOF NANDTED: HOLDGY

SPINTECH

Univerisity of Twente, the Netherlands

UNIVERSITEIT TWEN
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Moscow Institue of Physics and Technology

i

MaeT

ry of topological quantum phenomena in superconductors

Organized at MIPT by support of Russian government Megagrant in 2014

Unique equipment:

Low temperature high vacuum Cryogenic system AFM/MFM AttoDRY1000
JT-STM SPECS
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A number of novel superconducting devices using unconventional supercoductors
or combinations of Supercodnctors and Ferronagnets have been proposed

SQUID with build-in Yz phase-shifter
(cf. Blatter et al., PRB 2001)

a-junction based T-
FlipFlop, without bias lines

Various array structures with spontaneously Hilgenkamp, Ariando, Smilde, Blank, Rijnders, Rogalla,
generated half-flux quanta Kirtley & Tsuei, Nature 422, 50-53 (2003)

Proximity effect in normal metal -
superconductor (NS) structures

‘1’(;): : = ip exp{';;} p2:2myi1.‘s§—|A|2
P

Andreev reflection at SN interface

u ~exp{ikx+x/2&}

*=

v~ exp{-ikx+x/2§}
/ F

A~F ~Uuv -~exp{x/&}
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Proximity effect: Normal and Ferromagnetic metals

N/S

E

k
-k, k.
Coherence time fi
of electron and r=—
2¢e
fiv
Ey=—02% ballistic
27T
|I ﬁD N . .
SN =, diffusive
\ 27kp

ballistic

diffusive

Spatial oscillations of induced superconducting order parameter
in a ferromagnet in proximity to a superconductor

Yixy

%—\HMT“

N

S Y F

Buzdin & Kuprivanov (1991):
analog of the FFLO state

¥(x) =¥, cos(2Qx)

Q ~ E_/vpis center of pair mass momentum

Demler, Arnold & Beasley (1997)
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Proximity effect: summary

spin singlet
Cooper pair

= (D/2xT )17 ReF.
oW N /| s N4t

X .
RoF triplet component,
e . . .
s Zero-spin projection
F E‘-lng ImF, s pin proj
VAN NI
N X
$sing™ (DA2T+iH)Z o _
ReF. equal-spin triplet pairs
F P
F trip s i WM ™
& =(r2aT )72 X ~
trip
Proximity effect in ferromagnetic -
superconductor (FS) structures
Singlet state ' ' E&xclmuge interaction
—4 LR B
- - . =
Gz = g
E
_Jxﬂ
b d Ap “hvy
&= UAp <<
+ o
o
A
A
. . . E_ IHDF
In the regime E_>>kT the decay length is given by SF T VE—
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T, of F'SF Trilayers with P and AP Mutual Orientations

“superconducting spin switch”
N. Birge et. al. (Michigan State University)

Predicted by Tagirov; Buzdin, Vedyayev, & Ryzhanova (1999).

Observed by Gu et al. (2002) using
dilute Cu,Ni, alloy in CuNi/Nb/CuNi

system 5 o
//ﬁAP(T)
b //

-
-,
Ry

TC (P) < TC (AP) 376 278 280 287 261 285 288

T (K}

oT, = TAP - TAP © 6 mK

Theory of TP vs. T AP in F/SIF

Tagirov, PRL 83, 2058 (1999); Physica C 307,145 (1998)
Baladie & Buzdin, Phys. Rev. B 67 014523 (2003)
Fominov, Golubov & Kupriyanov, JETP Lett. 77, 510 (2003)
You et al., Phys. Rev. B 70, 014505 (2004)

strong ferromagnets nT(EP);t n¢(EP)

vy #VE
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‘0’ and ‘n’ Josephson junctions

Ojunction: [=1I.singp, [I.>0
mjunction: [=-I.sm@=1.sm(@p+7)
A() /2

S — spatial oscillations of the
F T order parameter in the F layer

\

VAR
AG) /2

S F S — thickness of F layer equals
t . half wave-length of oscillations

Possible applications of m-junctions: novel types of logic elements

Fundamental equations for ‘0’ and ‘%’ junction

- Conventional Complementary
- % - J =Jysmoe 5 SOUID [ sQuIn
—)& J =J_ sing
Tc J(’T = _JTCU
e et

Bulaevskii et al (1977):
Possibility of spontaneous flux in the loop

70
J= |J2+J +4J 4], cos® —
®0

Beasley et al (1998), Blatter et al (2000):
‘ proposals for application of 7-juncitons
in RSFQ and qubit structures
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Experimental realization of SFS junctions:
V.Ryazanov et al., Chernogolovka, Russia
J. Aarts. Leiden

Samplesfahrimiion Cross-sectional TEM micrograph

of Cu, . Ni, . film on Si-substrate

®  furming of the boftom N strip fwidth 100 umi by
NB fHm i i (110 m thichness)
photalithography and chemical efcking

® b - surfuce fon etching ard CuiNi alloy (it
depositfon by rf-diode spustering

®  forming of SiO-iselation layer (170 nm) with the
“window” (SO0 um by photolithography.
thermuf evaporation and "Tift-ff” process

®  forming of the upper Nb strip (240 nm thicknesy
arnd 80 e width) by photolithography, CuNi-afioy
suafuce fon etching, Nb fifm de-magnetron sputtering
and "lif-off" process

Sample side view

N ()

Sity
battom Xb
Si-rubsirate

0 - = transition in SF'S junctions: theory and experiment

V.Ryazanov, V.Oboznov, A.Rusanov,A.Veretennikov, A.Golubov, and J.Aarts, Phys.Rev.Lett. 86, 2427 (2001)

Critical supercurrent vs temperature
Josephson characteristics for different thickness of ferromagnetic

for SFS sandwiches i q
o layers in SFS sandwiches
0.35 1 exp theor
0.30 || Nb-Cu, Ni_ Nb
0.25 || 4.=220m = d.=23 nm
= 51K - .
2 020 2 G2 . 0.08
S o5 ) . E,=0.82T,
0.10 8 .. =
oo £ e e |dg2ngm02 so0
Dy * 1m0l e
= 002 ¥
=
N &
- = . dy/2ng =020 -
z 0 = — 000
800 = d_=26 nm o
Nb-Cu, N, . -Nb - 0008 =
600 | d.=19nm \ = . ©
- T=4.2K \ g \
= 400 ] LY ) o 2nk =028
— ' 4 = a - 0.000
00 ; | d.=27 nm | [d /2:5'=0 32
o~ 7 4 \/-\. 4 o 0.004
oY AV 5
4 3 -2 -1 0 1 2 3 4 o
H (O8] ol . . 0.000
| lsin(h /b i) | 2 4 6 800 0.5 1o
T (K} TIT,
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Phase sensitive experiment, Ryazanov et al (2002)

Triangular multi-n-junction network
(Nb-Cuy 4o Niy, < -Nb junctions)

10000

I, Alem?

c

O-state

—_
o
— o
[ B R N1 R BT B R

0.01 T | T | Ill T | T ‘ T | T | T
8 12 16 20 24 28 32

o
S

Ryazanov ef al., Phys. Rev. Lett. 86, 2427 (2001)
Oboznov ef al., Phys. Rev. Lett. 96, 197003 (2006)
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Spin-triplet Cooper pairs are induced in
ferromagnet junctions

spin singlet Cooper pair spin triplet gooper pair

o I e .iﬂ]Et -

Bergeret, Efetov, Volkov (2001)

Spin triplet Cooper pairs in SF
systems

F S F Alx) / n
d; 2d, d, T

S '\\ll\ .

4+ .F

i
|
|
|
|
|
|
|
I
|
|
I
|
D D
triplet Josephson effect in SF multilayered system n A
with noncollinear ferromagnets and thin superconductors

singlet triplet:

dp &b
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Prediction: induced triplet superconductivity in

F/S/F with noncollinear magnetizations
Volkov, Bergeret, & Efetov, PRL 90, 117006 (2003); PRB 68, 064513 (2003)

also near a domain wall: Kadrigrobov, Shekhter & Jonson, Europhys. Lett. 54, 394 (2001)
1

- .
\ —d \ sengler
\ﬂg M L 1
p

\ ‘ 0.5
’ 1 F S F S F 1 - L long-range triplet
| | e
. PR 5
Boron e ‘Singlet Triplet

Triplet: long-range
proximity effect in F:

sC TC
Sr <<Cp

SFF spin valves for control conductivity of F

layer.
ds
L ¥
electmde eleotrode| [ Y
EM2 Fl G
F2 ¥x _<m

Figure 7: Conductance, o, vs angle between magnetization
vectors, «, for zero voltage at by = 2, ho = 5, L/{p = 30,
7ps = 0.4 for two different suppression parameters ygyr = 0
(solid line), ygar = 0.01 (dashed line) and ypy = 0.2 (dotted

line).

T Yu Karminskaya et al.,
Supercond. Sci. Technol. 27 (2014) 075008
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Josephson spin valve devices

S I l 00 - ;
N J u -10 0 H_,(Oe 10
10
20
Larkin, T. L, Bol'ginov, V. V., Stolyarov, V. 5., Rvazanov, V. V,, Vernik, L. V.,
30 " c -] . . :
L e . T T, g B Tolpygo, S. K., & Mukhanov, O. A. (2012). Ferromagnetic Josephson

switching device with high characteristic voltage. Applied Physics Letters,
160(22), 222601,

L.sec

Josephson SISFS structure
Theory vs Experiment

0.5
bl T . - 0T,
L} pp— - '-_‘ —_—d T,
o Ty - He2OT,
o "~ Y = HOT,
b oap : e 7
A = o~qgo *J O Esprimant | o
ﬂd/ ~ o =
P02t ~ I
) \
~
01 - '
~. N
00 . =—
00 02 04 0.6 08 10

Nb-AlOx-Nb-Fe,; Pdg,-Nb

SV Bakurskiy, NV Klenov, Il Soloviev, VV Bol'ginov, VW
Ryazanov,
IV Vernik, OA Mukhanov, M Yu Kupriyanov, AA Golubov
Applied Physics Letters 102 (19), 192603

Data by ISSP RAS and HYPRES
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