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1-Education and Research Group

Education

Overview of the Master’s thesis work

Bachelor’s Degree in Physics — Universita degli Studi di Perugia Characterization of the magnetic properties

‘Spin Waves in the Dipolar regime and Magnonic Crystals’ CogoFe;o(15nm)/Ru(0.5nm)/NigoFe,o(15nm)

Continuous trilayer Artificial — Spin - Ice (ASI)

Master’s Degree in Physics— Universita degli Studi di Perugia /
“Static and dynamic properties of exchange-coupled Artificial-Spin-Ice
CoFe/Ru/NiFe multilayers’

Benjamin Jungfleisch =~ Mohammad Tomal

\/ Hossain

Research group *  Techniques: MOKE magnetometry and BLS
Trilayer MOKE Artificial-Spin-Ice BLS Spatial profile

CoFe
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Conslalia Haxtanal
delle Ricerche

Group of High resolution Optic Spectrosopy
and related Techniques
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Interpretation of the results through micromagnetic simulations:

mumax?

GPU-accelerated micromagnetism



2-State of the art in magnonics reasearch

Magnonics
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Landau-Lifshitz equation: *  Wide frequency range (GHz — THz)
dﬁ — — — — — — —
dar —YtoM ANHepr , Hepp = Hext + Hex + Haem + Hanis + - *  Small wavelenghts (nm — mm) ——>  Miniaturization
Traditional Magnonics (planar geometry) Examples:

* Dipolar coupling (weak)

* Non-reciprocal effects induced by iDMI
w(k) = w(=k)




3-Bevond the planar geometry

Non-reciprocal directional couplers

*  Vertical transport
3D Magnonics a) 90° vertical shift

* Increase in the number of transport channels * Non-reciprocal effects induced by curvature

. . . . b) Change in spin wave height for a single propagation direction
* Increase in device density (reduction of footprints)

*  New mechanisms for Spin Waves manipulation

- ; Vertically modulated magnonic crystals
Geometric curvature y gn ry!
- Excha nge interlayer interaction (S tI‘Ol’lg) »  Significant differences in the band structure

*  Spin waves reprogrammable filters
Examples:

*  Reconfigurable devices

a)

Advanced nanofabrication techniques <

* Lithography techniques
a) Self-assembling structures
b) Antidot lattices fabricated by lift-off

¢) New systems not yet investigated




4-Project perspectives

International collaborations in the field of 3D magnonics

*  Department of Physics and Astronomy, University of Delaware, Newark (US4) *  Leibniz Institute for Solid State and Materials Research, Dresden (Germany)
3D ASI systems 3D magnonic structures

» Institute of Applied Physics, TU Wien (Austria) *  Politecnico di Bari and Universita Federico II di Napoli (/taly)

3D magnonic structures Simulations of 3D structures
[Ta (0.5)/ Co (1.25)/ P1(2) ] x 15

Final objectives of the project

*  Deepen the experience in modern experimental techniques and in the development of micromagnetic simulation codes

*  Develop skills in modern nanofabrication processes for 3D magnetic structures.

*  Contribute robust scientific results to the understanding and future applications of the emerging field of 3D magnonics.




APPENDIX

|

Research activity carried out last month

urham
University
Department of Physics

Multilayer disks characterization

SEM images and list of the samples: Z,

Sample 1: Si/ Py(20nm) / Ru(0.7nm) / Py(5nm) AFM
Sample 2: Si/ Py(20nm) / Ru(1.4nm) / Py(5Snm) FM
Sample 3: Si/Py(5nm) / Ru(0.7nm) / Py(10nm) AFM
Sample 4: Si/ Py(5nm) / Ru(1.4nm) / Py(10nm) FM
Sample 5: Si/ Py(20nm) / Ru(0.7nm) / Py(5nm) / Ru(0.7nm) / Py(10nm) AFM-AFM
Sample 6: Si/ Py(20nm) / Ru(0.7nm) / Py(5nm) / Ru(1.4nm) / Py(10nm) AFM-FM
Sample 7: Si / Py(20nm) / Ru(1.4nm) / Py(5nm) / Ru(0.7nm) / Py(10nm) FM-AFM
Sample 8: Si / Py(20nm) / Ru(1.4nm) / Py(5nm) / Ru(1.4nm) / Py(10nm) FM-FM
Sample 9: Si / Py(35nm) Film

MOKE magnetometry preliminary measurements:

Sample3: Sample5: 3D vortex
AFM Si/Py(5nm)/Ru(0.7nm)/Py(10nm) AFM-AFM Si/Py(20nm)/Ru(0.7nm)/Py(5Snm)/Ru(0.7nm)/Py(10nm)
AFM coupling A fos == 1 AFM-AFM coupling
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