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« Motivation
* Project results
» Project achievements

AlIM:

The aim of the project is Polish-Swiss collaboration to jointly develope novel
nanoscale spintronic devices based on the innovative spin transfer torque (STT)
effect, which promises low power consumption devices particularly suitable for
Green information and communication technology (Green IT).

The working principle of memory, logic system and in particular nano-oscillators
based on STT is to manipulate the magnetization using spin-polarized currents
and thermal torque.
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Structural and magnetic characterization of TMR systems. Extension to Spin Hall
Effect (SHE) systems

Nanopatterning of TMR multilayers. Extension to the SHE devices
High-frequency characterization of nanopillars - ST-FMR measurements in
nanopillars. Extension to high frequency characterization of SHE devices

IFM PAN experimental group:
Preparation of magnetic thin film multilayers with in-plane and perpendicular

anisotropy. Extension to magnetic insulator YIG films
Structural characterization, magnetic and GMR measurements of multilayers.

Extension to spin pumping

IFM PAN theory group:

Theory of STT and CIMS in TMR nanopillars. Extension to theory of
spin-orbit torque of SHE nanodevices

EPFL:
GMR nanowires from polycarbonate membrane
Heat-driven spin transfer torque. Extension to magnetic insulator YIG
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Temperature study of spin Hall torque efficiencies in Ta/Co4Fes0B20/MgO with

perpendicular magnetic anisotropy

Monika Cecot!, Witold Skowronski', Jerzy Wrona?, Jarostaw Kanak!, Antoni Zywczak?®, FLukasz Karwacki?, Anna Dyrdal?,
Jozef Barna$*® and Tomasz Stobiecki!

X-ray diffraction
1000

800 -
600 4

Ta 5nm

amorphous

Tao, 2 nm
MgO 5 nm :
400

Ta 200 7

0 T T T T T T
S5NnM /10 nm /15 nm 1000
Sio2

s

600 -
400 -
200
amorphous 5 nm Ta O
high resistivity 3-phase in 10 nm and 15 nm Ta ]
different ,magentic dead layer” thickness

intensity

intensity

(o)

o

o
I

intensity

Presented at Conference: 0

ADVANCES IN MAGNETICS (AIM) Bormio, March (2016) 092 % % W02 e

Conference Polish-Swiss Research Programme, OPI, Warszawa 2016 May 11



i Extension to SHE devices mmm %1}@*

CONTRIBUTION AGH
Harmonic method

Longitudinal and transverse effective fields:
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Extension to SHE devices
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Extension to SHE devices
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IEEE TRANSACTIONS ON MAGNETICS, VOL. 51, NO. 11, NOVEMBER 2015 6101504

Magnetic Properties and Magnetization Dynamics of Magnetic
Tunnel Junction Bottom Electrode With Different Buffer Layers

Monika Cecot!, Jerzy Wrona!-2, Jarostaw Kanak!, Stawomir Zi@tekl, Witold Skowronski!,
Antoni Zywczak®, Maciej Czapkiewicz', and Tomasz Stobiecki' lmIJ

IDepartment of Electronics, AGH University of Science and Technology, Krakéw 30-059, Poland AGH
2Singulus Technologies, Kahl am Main 63796, Germany
3 Academic Center of Materials and Nanotechnology, AGH University of Science and Technology, Krakéw 30-039, Poland

@ CrossMark
JOURNAL OF APPLIED PHYSICS 117, 223908 (2015) S

Buffer influence on magnetic dead layer, critical current, and thermal
stability in magnetic tunnel junctions with perpendicular

magnetic anisotropy
Marek Frankowski, 1) Antoni Zywczak 2b) Maciej CzapkleW|cz Stawomir Zigtek, ! ulm JIJ
Jarostaw Kanak,' Monika Banasik,' Wiestaw Powroznlk Witold Skowronski,* AGH

Jakub Checinski,' 3 Jerzy Wrona,'* Hubert G’fowmskl Janusz Dubowik,® o
Jean-Philippe Ansermet,® and Tomasz Stobiecki’ 40
'AGH University of Science and Technology, Department of Electronics, Al. Mickiewicza 30,

30-059 Krakow, Poland

2AGH University of Science and Technology, Academic Center of Materials and Nanotechnology,

Al Mickiewicza 30, 30-059 Krakéw, Poland 7 nemin
SAGH Universi ty of Science and Technology, Faculty of Physics and Applied Computer Science, AGH
Al Mickiewicza 30, 30-059 Krakow, Poland =

4Singulus Technologies, Kahl am Main 63796, Germany
SInstitute of Molecular Physics, Polish Academy of Sciences, ul. Mariana Smoluchowskiego 17

60-179 Poznan, Poland r o ‘ J .(Pﬂ-

°Ecole Polytechnique Fédérale de Lausanne, EPFL, IPMC-Station 3, CH-1015 Lausanne, Switzerland R
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Damping in Finemet Films Capped by Platinum

H. Glowiriski*, I. Gosciariskal, A. Krysztofikf, J. Barnas*T, M. Cecot!, P. Kuswik*# and J. Dubowik*
*Institute of Molecular Physics, Polish Academy of Sciences, M. Smoluchowskiego 17, PL-60179 Poznan, Poland
E-mail: hubglo@ifmpan.poznan.pl
fF;n:ully of Physics, A. Mickiewicz University, Umultowska 85, PL-61614 Poznan. Poland
¥Department of Electronics, AGH University of Science and Technology, Al. Mickiewicza 40, PL-30059 Krakéw, Poland
SCentre of Advanced Technology. A. Mickiewicz University, Umultowska 89¢, PL-61614 Poznaii, Poland
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Spin Diode Effect induced by Magnetic Field

BORTRIELUTIGN or/and Spin Transfer Torques
Mixing RF current with oscillating resistance give DC component:

Bias Tee
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Theory of Spin Diode effect:

|74
[Vout = 6R cos(wt + B) X R(0 )cos(wt) = +V,. J
0

A. Tulapurkar et al. Nature 438, 339-342 (2005).
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Theory of Spin Diode effect:
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In the case of GMR/TMR structures: In general:
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a, b, c,d-energy(U)-dependent amplitudes, H,,, STT — driving forces
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APPLIED PHYSICS LETTERS 107, 122410 (2015) @‘éf‘ﬁsff?ffa.*

The influence of interlayer exchange coupling in giant-magnetoresistive
devices on spin diode effect in wide frequency range

Stawomir Zietek,"? Piotr Ogrodnik, ' Witold Skowroniski,' Piotr Wisniowski,' mmm
Maciej Czapkiewicz,' Tomasz Stobiecki,’ and Jozef Barnas®*
'Depm‘mwnr of Electronics, AGH University of Science and Technology, Al. Mickiewicza 30, 30-059 Krakoéw, AGH

Poland i 1
“Faculty of Physics, Warsaw University of Technology, ul. Koszykowa 75, 00-662 Warszawa, Poland ‘L
*Institute of Molecular Physics, Polish Academy of Sciences, ul. Smoluchowskiego 17, 60-179 Poznan, Poland

*F aculty of Physics, Adam Mickiewicz University, ul. Umultowska 85, 61-614 Poznaii, Poland

Application of model to the GMR sample in CIP configuration — the influence of IEC
on the Vdc signal driven by Oersted field
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Spin-diode effect theory was applied to calculate resonance frequency |
and line shapes of V;. signal with respect to frequency of driving forces. -« % ﬂ“m
Two magnetic layers are coupled by dipolar field, they interact also by STT
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Heat-driven spin transfer torque and temperature-related effects in nanostrucutres:
Spin-diode signal simulations is continuation of heat-related STTs observed in GMR

nanowires: APPLIED PHYSICS LETTERS 106, 162401 (2015)
Linear response to a heat-driven spin torque

Lucas Fitoussi,' Francesco Antonio Vetro,'® Christian Caspers,' Laurent Gravier,?

Haiming Yu,® and Jean-Philippe Ansermet’
_'E cole Polytechnique Fédérale de Lausanne, I[CMP, station 3, 1015 Lausanne, Switzerland
2University of Applied Sciences and Arts Western Switzerland, HEIG-VD/MNT/LAPTE, Avenue des Sports 20)

H : 1401 Yverdon-les-Bains, Switzerland
EXC I tat 1on by I dc BS‘p:‘ ntronics Interdisciplinary Center, Beihang University, No. 37 Xueyuan Road, Haidian, Beijing 100191,
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30 Possible
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The heat-driven STT effectively acts as additional magnetic field that intensifies
dynamics (AR) of magnetic layers and trigger their faster switching.

Applied magnetic field (mT)
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The most recent paper from Swiss partner:

A LeTTERS JOURNAL EXPLORING
THE FRONTIERS OF PHYSICS ) -
October 2015

EPL, 112 (2015) 17006 www.epljournal.org
doi: 10.1209/0295-5075/112/17006

Variational principle for magnetisation dynamics in a temperature
gradient

S. D. BRECHET and J.-P. ANSERMET

Institute of Condensed Matter Physics, Station 3, Ecole Polytechnique Fédérale de Lausanne - EPFL
CH-1015 Lausanne, Switzerland
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SUMMARY

» Successfully have been prepared : SHE and ISHE devices, as well as
MTJs with PMA.

« Spin Diode Effect has been theoretically analysed and demonstrated as
a very useful tool for magnetization dynamics investigations of CIP and
CPP GMR devices.

 EPFL partner has presented a very original investigations on heat driven
torque on metallic (Co/Cu/Co) and magnetic insulators (YIG).

* For samples YIG/Pt future cooperation in terms of theory and experiment
Is planned.
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1. Current induced magnetization switching and noise characterization of MgO based magnetic tunnel junctions —
W. Skowronski, Krakow 2013 (partially)

2. Current-induced dynamics of the magnetic moment in tunnel junctions — P. Ogrodnik, Warszawa 2015 (in Polish)

3. Effect of Heat Current on Magnetization Dynamics in Magnetic Insulators and Nanostructures — Francesco Antonio

Vetro, Lausanne, EPFL, 2015
4. Magnetization dynamics in magnetic layers and nanostructures — Huber Gtowinski, Poznan, 2015 (in Polish)

In total 19 publications including:
PRL (1), PRB(4), APL(2), JAP (5), Physica B (1), JIMMM (1),
Mod. Phys. Lett., B (1), IEEE on Magn. (1), Acta Phys. Polon. (1)

Joint Publications

1. Transverse spin penetration length in metallic spin valves — Pavel Baldz, Jozef Barnas, Jean-Philippe Ansermet — Journal of Applied
Physics 113, 193905 (2013)

2. Backhopping effect in magnetic tunnel junctions: comparison between theory and experiment — W, Skowronski, J. Wrona, and T.
Stobiecki, P. Ogrodnik, R. Swirkowicz, J. Barnas, G. Reiss, S. van Dijken — Journal of Applied Physics 114, 233905 (2013)

3. Coplanar waveguide based ferromagnetic resonance in ultrathin film magnetic nanostructures: impact of conducting layers —

H. Glowinski, M. Schmidt, |. Goscianska, J. Dubowik, and J-Ph. Ansermet - Journal of Applied Physics 116, 053901 (2014) 2015
4. Buffer influence on magnetic dead layer, critical current and thermal stability in magnetic tunnel junctions with perpendicular
magnetic anisotropy — M. Frankowski, A. Zywczak, M. Czapkiewicz, S. Zietek, J. Kanak, M. Banasik, W. Powroznik, W. Skowroniski, J. Checiriski,
J. Wrona, H. Gtowinski, J. Dubowik, J.-Ph. Ansermet, T. Stobiecki — Journal of Apllied Physics, 117, 223908 (2015)

5. The influence of interlayer exchange coupling in giant-magnetoresistive devices on spin diode effect in wide frequency range — S.
Zietek, P. Ogrodnik, W. Skowronski, P. Wisniowski, M. Czapkiewicz, T. Stobiecki, J. Barnas, Applied Physics Letters 107 122410 (2015)
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Single partner Publications

1. The study of conductance in magnetic tunnel junctions with a thin MgO barrier: The effect of Ar pressure on tunnel
magnetoresistance and resistance area product — A. Zaleski, J. Wrona, M. Czapkiewicz, W. Skowronski, J. Kanak, T. Stobiecki, Journal of
Applied physics, 111, 033903 (2012)

2. Surface anisotropy in thin films studied by broadband ferromagnetic resonance — H. Gfowinski, J. Dubowik, Acta Physicae
Superficierum, Vol. XIlI, 2012

3. Current-induced switching in out-of-plane polarized dual spin valves — P. Balaz, J. Barnas, Acta Physicae Superficierum, Vol. XlI, 2012

4. Influence of MgO tunnel barrier thickness on spin-transfer ferromagnetic resonance and torque in magnetic tunnel junctions — W.
Skowronski, M. Czapkiewicz, M. Frankowski, J. Wrona, T. Stobiecki, G. Reiss, K. Chalapat, G.S. Paraoanu, S. van Dijken — Physical Review B 87,
094419 (2013)

5. Current-induced instability of a composite free layer with antiferromagnetic intelayer coupling — Pavel BaldZ, Jozef Barnas, Physical
Review B 88, 014406 (2013)

6. Thermally induced dynamics in ultrathin magnetic tunnel junctions — P. Ogrodnik, G. E. W. Bauer, Ke Xia — Physical Review B 88, 024406
(2013)

7. Evidence for a Magnetic Seebeck Effect — Sylvain D. Brechet, Francesco A. Vetro, Elisa Papa, Stewart E. Barnes, and Jean-Philippe
Ansermet — Physical Review Letters 111, 087205 (2013)

8. Spin-transfer torque and current-induced switching in metallic spin valves with perpendicular polarizers — Pavel BaldZ, Maciej
Zwierzycki, and Jozef Barnas — Physical Review B 88, 094422 (2013)

9. Micromagnetic model for studies on magnetic tunnel junction switching dynamics, including local current density — M. Frankowski, M.
Czapkiewicz, W. Skowronski, T. Stobiecki — Physica B: Condensed Matter 435, 105 (2014)

10. Backhopping in magnetic tunnel junctions: Micromagnetic approach and experiment — M. Frankowski, W. Skowronski, M. 2015
Czapkiewicz, T. Stobiecki — Journal of Magnetism and Magnetic Materials 374, 451 (2015)

11. Linear response to a heat-driven spin torque — L. Fitoussi, F. A. Vetro, C. Caspers,L. Gravier, H. Yu, and J.-Ph. Ansermet — Appl. Phys.

Lett. 106, 162401 (2015)

12. Magnetic properties and magnetization dynamics of magnetic tunnel junctions bottom electrode with different buffer layers — M.
Cecot, J. Wrona, J. Kanak, S. Zietek, W. Skowronski, A. Zywczak, M. Czapkiewicz, T. Stobiecki, IEEE Transactions on Magnetism 51, 6101504
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Meetings:

13.01.2012 — AGH Krakow, Kick-off meeting

1st Management Board (MB) and Scientific Steering
Committee (SSC)

15.10.2012 — EPFL Lausanne, 2" MB and SSC Meeting
16.09.2013 — IMP PAS Poznan, 3" MB and SSC Meeting
26.06.2014 — IMP PAS Poznan, 4t MB and SSC Meeting,
meeting during the conference European Conference
Physics of Magnetism 2014
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VisIts:

8 visits of scientists from AGH to IFM PAN
14 visits of scientists from IFM PAN to AGH
4 visits of scientists from IMP PAS to EPFL
1 visits of scientists from AGH to EPFL

1 visits of scientists from EPFL to AGH

3 visits of scientists from EPFL to IFM PAN.

Conference Polish-Swiss Research Programme, OPI, Warszawa 2016 May 11



SWISS
CONTRIBUTION

Thank you_)

PROJECT SUPPORTED BY A GRANT FROM SWITZERLAND THROUGH THE SWISS
CONTRIBUTION TO THE ENLARGED EUROPEAN UNION

AGH ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

b (L 4

www.nanospin.agh.edu.pl

Conference Polish-Swiss Research Programme, OPI, Warszawa 2016 May 11



