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Fig. 1

 

Fig. 1: Magnetization pattern after a single 4.4 ps magnetic field pulse. Because the magnetic field is non homogeneous 
(stronger in the center) a bull’s eye pattern appears, where the magnetization has turned by 180° in the black outer ring, then 

360°, 540°, and do on. Figure extracted from Ref4.
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Fig. 2

 

Fig. 2: Schematic of first demonstration of the all-optical switching, without any magnetic field assistance. The laser writes 
magnetic domains of alternating polarization by using the helicity of the light. Figure extracted from ref15. 
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i. AOS in ferrimagnetic materials 
 

Fig. 3

 

Fig. 3: Simulation of temperature evolution of electrons and phonons for various switching conditions (𝛥𝑡 being the pulse duration) 
using a 1D 3 temperature model (spin temperatures not plotted). Figure extracted from ref21.
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Fig. 4

Fig. 4

Fig. 4

THz spin heating

 

Fig. 4: Left) calculated absorbed fluence as a function of Au thickness. Inset, experiment schematic with Pt/Au/GdFeCo structure. 
Right) calculated absorbed fluence within the GdFeCo layer when including both optical absorption and heat current absorption. 
Figure extracted from ref22. 
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ii. AOS in ferromagnetic materials 

Fig. 5

  

Fig. 5: Schematic of model for MCD driven AOS. (a-c) state of magnetic cells before and (d-f) after excitation with a circularly 
polarized laser pulse. (a,d) Shows the distribution of magnetic states. (b,c) shows the energy barriers as a function of 

temperature, and the temperature of up and down cells. (c,f) represent  the well barrier and hopping time for non-excited (c), as 
well as hot and cold cells (f). Figure extracted from ref28. 
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iii. AOS in combined ferri and ferromagnetic heterostructures 

Fig. 6

Fig. 6

 

Fig. 6: (left) GdFeCo/Cu/[Co/Pt] structure indicating a polarized current in the Cu spacer (as yellow circled electrons) and (right) 
magnetization state observed by a MOKE microscope after a series of single laser shot. The large amplitude optical pulses switch 
the GdFeCo layer AND makes the Co/Pt layer parallel P (P-  P+ or P-P+). The lower amplitude pulses switch only the GdFeCo 

layer (for ex: P+AP+ or P-AP-). Figure extracted from ref40.
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Fig. 7:  The demagnetization of the GdFeCo layer (left) induces a spin current in the direction of the Gd spins that can reverse the 
Co/Pt layer (right). The image on the right in a magneto-optical image of the reversed domain by the laser pulse. Figures 
extracted from ref42.
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iv. AOS in fully ferromagnetic spin-valves 

Fig. 8

Fig. 8

Fig. 8

Fig. 1Fig. 

9

Fig. 1Fig. 9

 

Fig. 8: Sample structure and schematic illustrations of the switching observed in this study. a) Sample stack. Values in 
parentheses are layer ticknesses in nm. Schematic illustration of from the process for b) AP-to-AP switching and c) P-to-AP 
switching based on scenario (i) and (ii) explained in the text. Blue (Red) spins are sourced from the free (reference) layer. 
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Fig. 9
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Fig. 8

Fig. 9

 

Fig. 9: Magnetization dynamics obtained from TR-MOKE.  a) Magnetization dynamics for a Cu thickness of 10 nm measured for 
several fluences starting from a P configuration. Utilizing a quarter wave-plate enables separating the signal from the free layer 
and from the reference layer. An external magnetic field larger than the coercive field of the reference layer is applied during the 
measurement. b) Magnetization dynamics for a Cu thickness of 80 nm starting from the P+ (green) and AP+ (purple) states with F 

= 10.4 mJ/cm2. An external magnetic field (H) whose magnitude lies between the coercive fields (HC) of free layer and the 
reference layer (HC of free layer < H < HC of reference layer) is applied during the measurement
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i. THz spin heating 

Fig. 10
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Fig. 10: Top left) a) Schematic of experiment and sample b) image of photoconductive switch c) image of magnetic device. Top 
right) demagnetization 10ps after arrival of electrical pulse as a function of the peak current within the pulse. Bottom left) polar 

MOKE response after a 2.6 ps optical pulse. Bottom right) polar MOKE response after a 5.5 ps electrical current pulse. Figures 
extracted from ref62.
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Fig. 11

 

Fig. 11: Fast electronic heating induced toggle switching of the magnetization in a GdFeCo sample, unsing a) optical pulses and b) 
9 ps wide electrical pulses. Figure extracted from ref65.
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ii. THz spin injection 

Fig. 12
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Fig. 12: Picosecond current pulse generation platform with photoswitch, coplanar waveguide and ferromagnet. The ferromagnet 
stack used here experiences spin-orbit torques due to the spin Hall effect. The THz pump – optical probe configuration allows the 

investigation the dynamics of the magnet. Figure extracted from ref70.

Fig. 13
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Fig. 13: Normalized change in the out-of-plane component of the magnetization 𝛥𝑀𝑧/𝑀𝑠 (probed via time resolved polar MOKE) 
after excitation by a 3.8 ps wide electrical current pulse (shown in the inset). Current and in-plane field polarities are shown in the 

labels. Figure extracted from ref70.

Fig. 14

Fig. 14
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Fig. 14: Evolution of the out-of-plane component of the magnetization of a Pt/Co/Cu/Ta film after injection of a ~6 ps current 
pulse. A) starting with a magnetization pointing up, and for two current polarities b) starting with a magnetization pointing 

down and for two current polarities. The in-plane magnetic field is also flipped between these experiments.
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iii. Spintronic THz emission 

Fig. 

15

Fig. 15
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Fig. 15: Schematics of (a) Co/Pt/Cu(t) and (b) Co/Cu(t)/Pt structures with different Cu thicknesses (t), that result in (c-d) THz 
emission. In (c) the samples are excited through the glass substrate and in (d) samples are excited through the top side (THz 
emission travels through the glass substrate and gets attenuated and broadened) (e) Peak THz emission as a function of Cu 

thickness, and model predictions assuming long (50 nm) or short (5 nm) attenuation lengths. Extracted from Ref77. 
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Fig. 16: Two available laser systems, sample holder with high-frequency electrical probe tips and 2D electromagnet. 
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Fig. 17: Beam array configuration. The various kinematic mirrors allow to select any beam as a probe or pump for any of the two 
setups (right top, bottom left). Both PHAROS and CHAMELEON lasers are fed into the matrix.

Fig. 17

Fig. 17
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Fig. 18

Fig. 19
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Fig. 18: Labview Control Unit used in the optics labs by all PCs. It contains a message list, a single counter identifier for 
experiments, some logging fields (user, samples, laser type and conditions…), which are all stored in a digital logbook. This 

interface also gives access to open access to instruments and programs (jobs or loops), see right panels.

 

Fig. 19: Labview typical interface, with various windows opened that enable control of the sample stage, delay line and lock-in, 
as well as a pump-probe program that communicates with the delay line and lock-in. 
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https://www.inp.cnrs.fr/fr/cnrsinfo/accelerer-la-vitesse-decriture-sur-

memoire-magnetique, see bottom of Fig. 20

https://engineeringcommunity.nature.com/posts/exploring-pico-spintronics

of Fig. 20

of Fig. 20

https://www.inp.cnrs.fr/fr/cnrsinfo/accelerer-la-vitesse-decriture-sur-memoire-magnetique
https://www.inp.cnrs.fr/fr/cnrsinfo/accelerer-la-vitesse-decriture-sur-memoire-magnetique
https://engineeringcommunity.nature.com/posts/exploring-pico-spintronics
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Fig. 20: Examples of science dissemination and impact of our work. 
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Fig. 21

  

 

Fig. 21: Average number of users per month from January 2021 to July  2022. 

 

 

Fig. 22 Home page with sponsors, team presentation, news, twitter feed, calendar…

http://www.spin.ijl.cnrs.fr/
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Fig. 23: Team page, permanent researcher section.

 

Fig. 24:: Equipment page. 
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