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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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AIM:

• Motivation

• Project results

• Project achievements
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AGH:
• 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 

Main Tasks & Extensions 

EPFL:
• GMR nanowires from polycarbonate membrane

• Heat-driven spin transfer torque. Extension to magnetic insulator YIG 

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
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• amorphous 5 nm Ta

• high resistivity β-phase in 10 nm and 15 nm Ta

• different „magentic dead layer” thickness

Presented at Conference:

ADVANCES IN MAGNETICS (AIM) Bormio, March (2016)

amorphous

X-ray diffraction

Extension to SHE devices

C. H. Back
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Extension to SHE devices

ΔHL, T = -2
 𝜕𝑉2𝑓 𝜕𝐻𝐿,𝑇

 𝜕2𝑉𝑓 𝜕𝐻𝐿,𝑇
2

Longitudinal and transverse effective fields: 

𝜉𝐷𝐿/𝐹𝐿 =  
𝛥𝐻𝐿,𝑇 ∙ 2𝑒µ0𝑀𝑆𝑡𝐶𝑜𝐹𝑒𝐵

𝐽𝑒
𝑇𝑎 ∙ ℏ

Spin Hall torque efficiencies:

𝐻𝐿 𝐻𝑇

ΔHL reffers to an antidamping-like torque ΔHT refers to field-like torque

M. Hayashi PRB 89, 144425 (2014)

J. Kim et al. PRB 89, 174424 (2014)

f = 386 Hz

Harmonic method

𝐻𝐿

 I
𝐻𝑇

10μm
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Nominal Ta 

thickness 5 nm 10 nm 15 nm

DL thickness [nm] 0.55 0.46 0.39

Magnetic dead layer for T = 300 K

Maximum magnetic dead layer for sample with 5 nm Ta
Additional

interfacial layer

Nominal CoFeB thickness tCoFeB = 0.9 nm

Extension to SHE devices



Conference Polish-Swiss Research Programme, OPI, Warszawa 2016 May 11 9/25

Extension to SHE devices

Y-T. Chen et al. Phys.

Rev. B 87, 144411 (2013)

Damping-like torque

efficiency:

Field-like torque

efficiency:

Mixing conductance:

d = 5 nmd = 5 nm
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𝑑𝐼

Extension to SHE devices

d = 5 nm
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Spin pumping in Finemet/Pt system

7 GHz
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100 μm

ISHE in Finemet/Pt system – cooperation with AGH

RF generator

Pt wedge 0 – 7 nm
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Extension to magnetic insulator YIG films
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Mixing RF current with oscillating resistance give DC component:

Spin Diode Effect induced by Magnetic Field 
or/and Spin Transfer Torques

𝛿𝜃
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A. Tulapurkar et al. Nature 438 , 339–342 (2005).

Theory of Spin Diode effect:

𝑉𝑜𝑢𝑡 = 𝛿𝑅 cos 𝜔𝑡 + 𝛽 ×
𝑉

𝑅(𝜃0)
cos 𝜔𝑡 = 𝑉𝑑𝑐 +𝑉𝑎𝑐

𝑉𝑑𝑐 =
1

2

𝑉𝛿𝑅

𝑅(𝜃0)
𝑐𝑜𝑠𝛽
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Theory of Spin Diode effect:

In the case of GMR/TMR structures:

In the case of AMR structures:

𝑅 𝜃 = 𝑅⊥ + 𝑅∥ − 𝑅⊥ cos
2 𝜃

𝑽𝒅𝒄~𝜹𝑹
𝜹𝑹 ~ 𝜹𝜽

In general:

δθ derived

from LLG

Equation:

𝑯𝒆𝒇𝒇 = −𝛁𝐔 𝑈 = 𝑈𝑎 + 𝑈𝑠 + 𝑈𝑧 + 𝑈𝑐𝑜𝑢𝑝 + 𝑈𝑂𝑒

STT

Magneto-
-crystalline
anisotropy

shape
anisotropy

Magnetic energy: Interaction 
with external
magnetic field

interlayer
coupling

Interaction with
Oersted field Solution:

𝑽𝒅𝒄~
𝟏

( 𝝎𝟐 −𝝎𝟎
𝟐 𝟐

+𝝎𝟐𝝈𝟐)
𝝎𝟐 −𝝎𝟎

𝟐 𝒂 ∗ 𝑯𝒐𝒆 + 𝒃 ∗ 𝑺𝑻𝑻 + 𝝈𝝎𝟐(𝒄 ∗ 𝑯𝒐𝒆 + 𝒅 ∗ 𝑺𝑻𝑻)

a, b , c, d – energy(U)-dependent amplitudes, 𝑯𝒐𝒆, STT – driving forces 



Conference Polish-Swiss Research Programme, OPI, Warszawa 2016 May 11 17/25

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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GMR nanowires from polycarbonate membrane

Thick 

magnetic 

(Co) layer

Thin 

magnetic 

(Co) layer
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GMR nanowires from polycarbonate membrane

Spin-diode effect theory was applied to calculate resonance frequency

and line shapes of 𝑉𝑑𝑐 signal with respect to frequency of driving forces.

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:  

The heat-driven STT effectively acts as additional magnetic field that intensifies 

dynamics (ΔR) of magnetic layers and trigger their faster switching.

ΔR ~ ΔM

Heat-driven

STT signal

Possible

domain-wall

dynamics in

thick layer

Spin-diode signal simulations is continuation of heat-related STTs observed in GMR 

nanowires:

Excitation by 𝐼𝑑𝑐
and laser at frequency 22 Hz

- signal detected by lock-in
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The most recent paper from Swiss partner:  
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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. Transverse spin penetration length in metallic spin valves – Pavel Baláž, Józef Barnaś, 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, I. Goscianska, J. Dubowik, and J-Ph. Ansermet - Journal of Applied Physics 116, 053901 (2014)
4. Buffer influence on magnetic dead layer, critical current and thermal stability in magnetic tunnel junctions with perpendicular
magnetic anisotropy – M. Frankowski, A. Żywczak, M. Czapkiewicz, S. Ziętek, J. Kanak, M. Banasik, W. Powroźnik, W. Skowroński, J. Chęciński, 
J. Wrona, H. Głowiński, 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. 
Ziętek, P. Ogrodnik, W. Skowroński, P. Wiśniowski, M. Czapkiewicz, T. Stobiecki, J. Barnaś, Applied Physics Letters 107 122410 (2015)

Joint Publications

PhD thesis

1. Current induced magnetization switching and noise characterization of MgO based magnetic tunnel junctions –

W. Skowroński, Kraków 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 

Vetrò, Lausanne, EPFL, 2015

4. Magnetization dynamics in magnetic layers and nanostructures – Huber Głowiński, Poznań, 2015 (in Polish)

2015

In total 19 publications including: 
PRL (1), PRB (4), APL (2), JAP (5), Physica B (1), JMMM (1), 
Mod. Phys. Lett., B (1), IEEE on Magn. (1), Acta Phys. Polon. (1)
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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. Głowiński, J. Dubowik, Acta Physicae
Superficierum, Vol. XII, 2012
3. Current-induced switching in out-of-plane polarized dual spin valves – P. Balaz, J. Barnaś, Acta Physicae Superficierum, Vol. XII, 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 Baláž, Józef Barnaś, 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 Baláž, Maciej 
Zwierzycki, and Jozef Barnaś – 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. Skowroński, T. Stobiecki – Physica B: Condensed Matter 435, 105 (2014)
10. Backhopping in magnetic tunnel junctions: Micromagnetic approach and experiment – M. Frankowski, W. Skowroński, M. 
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. Ziętek, W. Skowroński, A. Żywczak, M. Czapkiewicz, T. Stobiecki, IEEE Transactions on Magnetism 51, 6101504 
(2015)
13. Effects of Spin Pumping on Spin Waves in Antiferromagnetically Exchange-Coupled Double Layers with Surface Anisotropy – P. Baláž, 
J. Barnaś , Acta Physica Polonica A, 128, 150 (2015)
14. Magnetic Nernst effect – S.D. Brechet, J.–P. Ansermet, Mod. Phys. Lett., B 29, 1550246 (2015)

2015

Single partner Publications
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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, 2nd MB and SSC Meeting
16.09.2013 – IMP PAS Poznan, 3nd MB and SSC Meeting
26.06.2014 – IMP PAS Poznan, 4th 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.
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