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Goals of the project

 The overall aim of the SPINTECH project is to boost 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,

in tight collaboration with high-experienced partners: Stockholm
University (Sweden) and University of Twente (The Netherlands).

SPINTECH website homepage:
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State of the art

As the base of the project

serves : Functional Nanostructures and

Metamaterials for Superconducting
Spintronics. Ed. by A.Sidorenko,“Springer”,

Lot ' wia ¢t b " Sy

2018, 270p. Anatohe Sedorenko Edior

- are summarized results of theoretical and :

experimental investigation of nanostructures Fun(tlonal
Superconductor/Ferromagnet, novel N&"OStrUdures and
technologies of their fabrication and Metamaterials for

characterization.

Superconducting
Spintronics

From Superconducting Qubits to Self
Organized Nanostructures

SPINTECH KickOff Meeting - MECC Conference Hall, Chisinau (MD)



https://www.springer.com/jp/book/97833199048
https://www.springer.com/jp/book/97833199048

Cryogenic laboratory of IEEN, Chisinau, Moldova

* The project is carried out by the Cryogenic
laboratory of IEEN, which accumulated long —
term experience in:

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

* - Experimental research and detection of new
phenomena: re-entrant and multiband
superconductivity, triplet pairing and triplet spin-
valve effect in layered nanostructures;

* - Development of electronic devices —
superconducting spin valve for spintronics, based
on new detected phenomena.
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Partners of the SPINTECH project

* Project progress in tight collaboration
with partners:

University of Twente (The Netherlands),
and Stockholm University (Sweden) -
they are highly experienced in:

- theoretical prediction and calculation of
new phenomena in superconductors,
theoretical basis of superconducting
spintronics, and SQUID-microscopy of S/F
nanostructures (A. Golubov, UTWENTE):

- nanolithography and characterization of
nanostructures , experimental investigation of
superconducting properties (V. Krasnov, SU):

SPINTECH KickOff Meeting - MECC Conference Hall, Chisinau (MD)




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

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

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

e Objective 3: Raise the research profile of IEEN and the Twinning Partners
e Objective 4: Contribute to the research and innovation priorities of Moldova

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

SPINTECH KickOff Meeting - MECC Conference Hall, Chisinau (MD)




Work packages of the project

the consortium partners put into practice set of measures
via the project’s work packages, which include :

(i) short term staff exchanges (WP1);

(i) training workshops, conferences and summer schools
(WP2);

(iii) dissemination and outreach activities (WP3).

SPINTECH KickOff Meeting - MECC Conference Hall, Chisinau (MD)




Work packages implementation

During 2018-2020 the following activities were done:

(i) short term staff exchanges (WP1) - 8 members of IEEN
visited UTwente and UStockholm for up to 4 months
work ; 4 members of UStockholm visited IEEN;

3 members of UTwente visited IEEN.

In Uni-Stockholm in IEEN, Chisinau in Uni-Twente

SPINTECH KickOff Meeting - MECC Conference Hall, Chisinau (MD)




Work packages implementation

trainings, conferences and summer schools (WP2)

— 4 trainings were organized in IEEN, 2 in UTwente and 1 in
UStockholm ;

2 Summer schools: Second in TWENTE, August 2020:

First in Chisinau, September2019:“

)
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SPINTECH

Hybrid Structures for Spintronics and Qubits

SPINTECH summer school-2020,
University of Twente, the Netherlands, 01-03 October 2020
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Work packages implementation

First “SPINTECH conference”, September 2019:

SPINTECH-NANO-2019: Limits of Nanoscience and
Nanotechnologies

‘ ) BEILSTEIN JOURNAL OF NANOTECHNOLOGY

NANO-2019 Q
SPINTECH + Humboldt Kolleg ¢ N

a4}l o Conference SPINTECH
6 @ 1 Best reports, presented at

ientific L (Imstitute} A.Lupan”  Mini: tien, Culture

™ g e e “NANO-2019” conference,

The event is dedicated to the 250* Birthday of Alexander von Humbeldt,

ity are published in the special volume ~ Functional nanostructures
for electronics,

spintronics and sensors
24.27Sepmnber2:::’,(:hisinan,mmdm of Nanotechnology in 2020: Edited by Anatolie S. Sidorenko

SPINTECH Summer school “S/F Hybrid Structures for Spintronics”,
27-30 September 2019

NANO-2019: Limits of Nanoscience . .
and Nanotechnologies Nel1l of the Beilstein Journal

This event is supported by the A.v. Humbeoldt Foundation and the European Union
H2020-WIDESPREAD-05-2017-Twinning project “SPINTECH” under grant agreement Nr. 810144

Organizing Committee
Prof. Anatolie Sidorenke, D. GHITU IEEN Chisinau, Moldova
Prof. Alexander Golubov, University of Twente, The Netherlands
Prof. Vladimir Krasnov, University of Stockholm, Sweden
Prof. Marian Jaskula, Jagiellonian University of Krakow, Poland

Prof. Matthias Eschrig, Institute of Physics, University of Greifswald,
Germany

Prof. Eugen Sava, National Museum of Moldova History, Chisinau,
Moldova

Dr. Irina Obukhova, Moscow Institute of Physics and Technology
(Fiztech), Russia

Dr. Yurii Savva, 1.S. Turgenev Orel State University, Russia

Dr. Oleg Bujor, Scientific Library (Institute) “A. Lupan”, Chisinau, Moldova C eti ng = M Ecc CO nfe rence H a I I, chi
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Work packages implementati

dissemination and outreach activities (WP3)

SPINTECH-Newsletter, and Leflet — 2019

- Outreach meeting in the mathemathical Gymnasium N37 of Chlsmau city 5t
March 2019 3 ¥ .

Day of Open Doors In IEEN, 11" November 2019 i
B
- “Hakaton-COVID-19”, 24" April 2020 k
s QR ————

Ny

‘ Statf Exchanges

s P I N T E c H Staff exchanges, especially those involving early stage

researchers, represent the core of SPINTECH

activities. In the period between September 2018

Boosting the scientific excellence and innovation and April 2019 more than 8 months of staff

capacity in spintronics of the D. GHITU Institute of exchanges have already taken place. Most of the

Electronic Enqmeermf; and Nanotechnologies of the exchanges involved younger researchers visiting the

Academy of Science of Moldova Twinning partners in Stocknolm and Twente, where

they learned about advanced lithography technology
and SQUID microscopy respectively.

X

#§ Workshops, contersnces and summer schools g a7

A first workshop, focused on technical issues as well a5 on opportunities for H2020 support 1o 3 ¥,
early stage researchers, was held in Chisindu on March 5% in conjunction with the first periadic
project meeting and saw the participation of seversl members of the advisory board &5 well a5 of
representatives from MECC. Shortly after, on March 27%, IEEN organized 2 seminar for its
researchers by inviting Dr. N. Klenov from Lomonosov Moscow State University, who presented
superconductor-ferromagnet hybrid structures for anificial neursl networks. A scond technical Q)
workshop is expected to take place in Stockholm in June, The consortium partners are currently - 5 !
- y defining the detals of the main events which will take place during the project, According to S - \
o SPINTECH work pian, 2 intemational conferences will be hosted in Moldova before the end of the 3

project; the first one, titled "SPINTECH-NANO-2019: Limits of Nanoscience ond Nanotechnologies”, v
s planned on 24-27 September 2013 in Chigindu and s currently being organized. The second one S X o
will be part of the Plasma Workshop series and is sxpectad 10 take place in the fiest half of 2021 . + =
Finally, with regard to summer schools, the first one will be focused on "S/F Hybrid Structures for

Spintronics” and wil follow the conference in September 2019, The other two summer schools are ) . D EVE L b P M E NT

Stockholm.
University i = - European | T SPTECH sroject bas recsves funcing ram the European Unian's Horizon . ~ ~ g
Commission snsiation Progamme ncer gt g = = =h




The overall concept of the SPINTECH project and 1ts impacts are captured m the following figure:
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Functional Nanostructures Superconductor/Ferromagnet for
Superconducting Spintronics — Smart Technological Approach

Sidorenko Anatolie

Institute of Electronic Engineering and Nanotechnologies, Chisinau, Moldova




Motivation of the work:

Development of the base for non- von Neumann computers

(brain-like functionality - artificial neural networks)

Control of superconductivity in Superconducting Memory Element

“Brute-force” control of superconductivity in thin films “Cryotron”
— upper critical field which is as high as
~15 kOe (Hcy) for Nb or Ta films (“Cryotron”, John Bremer, 1959)

Question: may superconductivity be controlled with a weak magnetic field, 100-1000
times weaker than the critical fields?

Answer: yes, if combined into a heterostructure with
a ferromagnetic films !



Motivation of the work:

Beasley's Superconducting Memory Element (BSME)
[Applied Physics Letters 71, 2376 (1997)]

A superconductive magnetoresistive memory element using controlled
exchange interaction
Sangjun Oh and D. Youm

Department of Physics, Korea Advanced Institute of Science and Technologv, Kusung-Dong, Yusung-Gu,
Taejon 305-701, Korea

M. R. Beasley®
Department of Applied Physics, Stanford University, Via Palou, Stanford, California 94305-4085

(Received 14 January 1997: accepted for publication 24 July 1997)
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Two designs of superconducting spin-valves
based on the superconductor-ferromagnet
proximity effect
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Alexander Golubov,
Mikhail Kupriyanov

Oh, Youm, Beasley/1997 etal. Lenar Tagirov, Alexander Buzdin et al./19
JJETPL-2003




Triplet Pairing

Generation of the triplet components of pairing in superconductor-
ferromagnet hybrids (like FSF) at non-collinear magnetic
configurations

f3m<¢T¢l>_<l’bl¢T>’ Even in freq. WF

Even WEF with zero

f0N<¢T ‘h)"’(‘ﬁl ‘pT), projection (Eex +AP mag.)
Odd WF with %1

fl’”(lﬁT @bT)"”(lﬁl ‘ﬁL) projection (Long-Range,

Eex +non-coll. mag.)

F.S. Bergeret, A.F. Volkov and K.B. Efetov, PRL 86, 4096 (2001);
A.F. Volkov, F.S. Bergeret and K.B. Efetov, PRL 90, 117006 (2003);
Alexader Golubov, Mikhail Kupriyanov et al. / JETPL (2003);



General model - influence of the norm. metal spacer (N)
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The experiment idea and the sample design
F1 - soft Perp.Anis. FM, F2 - In-Plane Anis. FM




Sample preparation- Novel Technology :
* DC magnetron sputtering with: moving target
a)high deposition rate (4 nm/s) ]
b)moving Nb target <
c)Deposition of amorphous Si-sublayer
d)Protection of the structure with Si-top layer ’

Detailes of the technology are descriebed in:

Nanoscale Phenomena — Fundamentals and Applications. Nanoscale Phenomena

H.Hahn, A.Sidorenko, .Tiginyanu,
Springer, 2009, 237p.

SPINTECH KickOff Meeting - MECC Conference Hall, Chisina




magnetron sputtering

Technology patented: Patent of RM N23135 from 31.08 2006.
Sidorenko A.S., Zdravkov V..,
“Device for thin films preparation”

SPINTECH KickOff Meeting - MECC Conference Hall, Chisinau (MD)




ekt European This project has received funding from the European Union’s Horizon 2020
Hax” Commission | research and innovation programme under grant agreement No 810144

SPINTECH

Modelling of the deposition process for optimization of deposition technology

of layers Nb and Co depending on substrate temperature, deposition rate et cet.
(model calculations)
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Model calculations are published in:
MopaenuposaHue npoueccos popMmUpPOBaAHUA CBEPXNPOBOAALLETO CMMHOBOIO BEHTUNA

Ha OCHOBE MHOrOC/I0MHO HaHOCTPYKTYpPbI “cBepxnpoBoaHuK/ peppomarHeTuk”.
BAXPYLUEB A.B., PEAOTOB A.HO., CABBA H0.6.,, CUAOPEHKO A.C. Xumuueckasa ¢pusuka u

ckonuA. 2019
: FETTL {280

k‘)

Condensation of nanolayers Co and Nb at different deposition time:

a) 0,1 Hc, 6) 0,2 Hc 1 B) 0,4 Hc. Substrate temperature is fixed at 300 K
(model calculations)
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e

0.5 L3
-0.5 L5 / 75 o5 H,um

Composition of the layers Nb and Co, at two different substrate
temperatures - 300 K (left) and 800 K (right)
(model calculations)
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Composition of the layers Nb and Co depending on substrate temperature

(model calculations)
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Changes of the coordination number of Nb and Co in
multilayer depending on substrate temperature (model
calculations)
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Space distribution (in planes “c” and “b”) of the coordination number of Nb
and Co layers in the Nb/Co multilayer , substrate temperature Ts=300 K
(model calculations)
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Spin-valve sample design
cell core with additional Co layer

C OOX/CU41Ni59/Nb/CU41Ni59

FM1 TEM cross-section

FM2

AFM
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Results of TEM and HRTEM

a)

IV_4

_ Exch.
~—— biased
system

a)  Sketch of the samples. b) Cross-sectional Cross-sectional high-resolution TEM image of
TEM of Sample | Sample | at the exchange bias region of the

system.



Dependence of the superconducting
transition temperature on mag. field

Calculation Experiment
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Phys.Rev.B87, 144507 (2013)

Experimental Observation of the Triplet Spin-Valve Effect in a Superconductor-
Ferromagnet Heterostructure. V.l. Zdravkov, A.S.Sidorenko, L.R.Tagirov et al.



Full Switching FSF-type Superconducting Spin-Triplet MRAM-

Element

FIG. 8. (a) Superconducting R(7") transition curves measured
at zero magnetic field for decreasing and increasing Hp (black
and red, respectively). Full switching from the superconduct-
ing to the normalconducting state is possible, as indicated e.g.
at T'= 3.397 K. (b) Demonstration of the switching between
the normal state (red) and the superconducting state (blue)
for zero applied magnetic field at T" = 3.397TK. The solid
curve illustrates the magnetic field applied for the switching.

8 |- H;=4 kOe | -
H,=0kOe \
—a—t !
6 —o—- 5+ Full Switching 7
. Possible
9. 1
x4l ! ]
]
1
1
2 F | T
I 1
(a) '
0 a—u—n—u—n—n—n—a—n -
1 L 1 L

3390 3.392 3394 3396 3.398 3400 3402
TIK]

10 , , , 4
. . . I
5 42
[ |
[ |
g o 08
I} =,
o T
5 - -2
10 4

time [a.u.]

A.Sidorenko, V. Zdravkov, D. Lenk, R. Morari, et al. Full
Switching FSF-type Superconducting Spin-Triplet MRAM-

Element.
Phys. Rev. B 96, 184521 (2017)



Giant spin-valve effect in
Josephson contact with
magnetic weak link
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Figure 2: (a) The depth profile of the superconducting pair potential amplitude of the SI[F y/2/Fa/fs]s/F /S structurs in the P and AP cases. (b) The
amplitudes of the superconducting pair potential in the middle of the weak link for the same situations. Inset — schematic representation of the congid-
ered stack structure.

N. Klenoy, Y. Khaydukov, S. Bakurskiy, R. Morari, |. Soloviev, V. Boian, T. Keller, M. Kupriyanov, A.
Sidorenko, B. Keimer, Periodic Co/Nb pseudo spin valve for cryogenic memory, Beilstein J.
Nanotechnol. 10 (2019) 833-839. https://doi.org/10.3762/bjnano.10.83.
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Fabrication of the Josephson-spin valve using Focused lon Beam (FIB)-
technology
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CONCLUSION

Elaborated smart technology for S/F  hybrid
nanostructures fabrication, detected “memory effect”
and triplet spin-valve effect, can serve as the base for
development of superconducting spintronics and further
for non-von Neumann computer design.
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Second SPINTECH-Conference: 22-25.09.2021

Conference web page:
http://nanotech.md/ SPINTECH-2021
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Project SPINTECH

The 12th International Conference on Intrinsic Josephson Effect
and Horizons of Superconducting Spintronics

22-25 September 2021, Chisinau, Moldova
This event is supported by the European Union H2020-WIDESPREAD-05-2017-Twinning project *SPINTECH”
under grant agreement Nr. 810144,

‘x"fif.'

1.0

The aim of the event 15 to strengthen regional and mterdisciplinary links b the scientists and
scholars, while supporting the development of mtemnational ta and introducing young
hers to professional and frutful scientific work practices. The main goal of the Conference 1s to

bxmgtogethuleadmgexpeﬁstosharedxeueqnthseandexpenence mdewelopmgofnewn‘leasand
princip novel ‘hnolog: and their impl on 1 of high-frequency
superconduchng electronics and spintronics.

Main topics:

* Physics and applications of the intrinsic Jozephson effect.

* S/F hybrid structures and horizons of superconducting spintronics.

* High-frequency Josephson devices

* Unconventional and topological superconductivity

Conference format

Due to restrictions related to COVID-19 demics, being opfimistic, we plan to orgamize the
conference in a2 mixed format both in physxcal and virtual space. Physically it will take place m
Chisinau, Moldova. Physical participants will get a regular service including coffee breaks and social
activity. All presentations will be live-streamed, facilitating vartual participation.

Types of presentations: Oral (invited and regular, either physical or virtual), Poster (virtual only)

Dates

Registration starting on January 15, 2021

Deadline for registration and 1-page Abstract Submussion: July 1, 2021
Conf: dates: September 22-25, 2021

Conference venue
Institute of Electronic Engi gand N hnologies, str.Acad 1373, Chi MD2028
Moldova, and hotel KLASSIK (“Hotel Club Service”, str Kogalniceanu nr. 6, MD-2001, Chismau).




