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Femto-magnetism meets Spintronics
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Towards Integrated Magneto-Photonics

Magneto-optics 4 N\
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Spin-Orbit effects in synthetic AntiFerromagnets
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Co/Ni/Co/Ru/Co/Ni/Co: Yang, Parkin et al., Nature Comms. 2015 Cai et al., Nature Electr. 2020
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Outline

Femto-magnetism meets spintronics

e All-Optical Switching (AOS) of magnetization

* Laser-induced spin transport

* The beauty of AOS in a “synthetic” anti-ferromagnet

e Spin-current enhanced AOS

Towards integrated magneto-photonics
* Hybrid photonic/spintronic (AOS/DWM) functionality

* First steps towards magneto-photonic integrated circuits
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50 fs laser pulses

Magnetic writing with

Stanciu, Kimel, Rasing et al., Phys. Rev. Lett. 2007
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Ostler et al., Nature Comms. 2012

Helicity dependence just due to circular dichroism

Khorsand et al., Phys. Rev. Lett. 2012
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Femtosecond demagnetization
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3| MO contrast
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Beaurepaire, Bigot et al., Phys. Rev. Lett. 76, 4250 (1996) Wietstruk, Weinelt, Bovensiepen et al., Phys. Rev. Lett. (2011)
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Detailed insight in AOS from fs-XMCD

Composition near
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Radu, Diirr et al., Nature (2011) demagnetization = exchange-scattering reversal

1 hEReTics § TU/ e



The Microscopic 3-Temperature Model for AOS

H=H,+H,+H +H, +H, +H,_ Golden rule ,,  rate equations
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Beens et al. PRB(R) (2019)
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Understanding its behavior (M3TM), Gd,_Co,

-------
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Femto-magnetism meets spintronics

* All-Optical Switching (AOS) of magnetization

* Laser-induced spin transport

* The beauty of AOS in a “synthetic” anti-ferromagnet

e Spin-current enhanced AOS

Towards integrated magneto-photonics
* Hybrid photonic/spintronic (AOS/DWM) functionality

* First steps towards magneto-photonic integrated circuits
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Fs laser-induced nonlocal spin transfer
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Models for Optical spin current generation
@ Balistic injection optical spin pol.
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Super-diffusive transport, spin filtering E ,,-F%
Battiato, Oppeneer et al., PRL 2010 *"
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Choi et al., Nat. Phys. 2015 :‘;é
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Experimental demonstration optical STT
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Schellekens et al., Nature Comm. (2014) Mark Lalieu, PhD Thesis (2019)
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Femto-magnetism meets spintronics

* All-Optical Switching (AOS) of magnetization

* Laser-induced spin transport

* The beauty of AOS in a “synthetic” anti-ferromagnet

e Spin-current enhanced AOS

Towards integrated magneto-photonics
* Hybrid photonic/spintronic (AOS/DWM) functionality

* First steps towards magneto-photonic integrated circuits
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Pt/Co/Gd: Synthetic ferrimagnet

Proximity induced
FM @ RT
|

ca ¥

Strong spin-orbit
(DMI & SHE)
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Mark Lalieu, Reinoud Lavrijsen, et al., Phys. Rev. B 96, 220411 (Rapid) 2017
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Pt/Co/Gd: Single-pulse switching

Proximity induced Magneto-optical microscopy
FM @ RT
|

ca ¥

Strong spin-orbit
(DMI & SHE)

> 108 successful switches @ 100 kHz

Mark Lalieu, Reinoud Lavrijsen, et al., Nature Comms. 2019
Mark Lalieu, Mark Peeters, et al., PRB (R) 2017

20 $RERETICS TU/ e



Super robust and Ultra-efficient

Fit assuming fixed threshold temperature
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Alloys:

Surprise: Switching far from comp
Composition near

12 T T T - T - T ' |
| ] > “compensation”
<10}t [Col/ I]n’.v” 6 needed
&) ”
E sl Co R O 4
o) » (o)
(&)
CIC.) 6L (Y 4 - Gd
Gd 2 | . Rl |
- E .l 3 | [Co/Ni],
0 . .
Pt j Pt
=2 ¢ n=2 1 2 3
0 1 1 ] ] |
0 1 2 3 4 5 6
TM layer thickness (nm) Beens, Lalieu et al., PRB (R) 2019

2 SEER s 8 TU/ e



Understanding its behavior (M3TM)
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First switch at
interface

Propagation
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Time-resolved insight
> 108 error free witches @ 100 kHz

Odd pulses
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Femto-magnetism meets spintronics

* All-Optical Switching (AOS) of magnetization

* Laser-induced spin transport

* The beauty of AOS in a “synthetic” anti-ferromagnet

e Spin-current enhanced AOS

Towards integrated magneto-photonics
* Hybrid photonic/spintronic (AOS/DWM) functionality

* First steps towards magneto-photonic integrated circuits
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Back to AOS: local vs. non-local spin transfer
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Youri van Hees et al., Nature Comms. (2020)

IEEE See also Quentin Remy, Mangin et al., Adv. Sci. (2020)
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Femto-magnetism meets spintronics

* All-Optical Switching (AOS) of magnetization

* Laser-induced spin transport

* The beauty of AOS in a “synthetic” anti-ferromagnet

e Spin-current enhanced AOS

Towards integrated magneto-photonics
* Hybrid photonic/spintronic (AOS/DWM) functionality

* First steps towards magneto-photonic integrated circuits
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Current-driven domain wall motion in AOS stack

near angular momentum compensation: v > 2000 m/s
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Magneto-photonic memories

laser pulses
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On-chip MO Mode Conversion
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Ece Demirer, Yngwie Baron, et al., Nature Comms. 2019
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Take home message

* Converging of spintronics and fs magnetism rapidly progressing —
interplay of all-optical switching and optical spin currents

* First step towards integrated magneto-photonics
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