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Abstract: Spin-orbit torque (SOT)-based all-electric driven magnetization switching with fast writing speed, high endur-
ance, long service life and low-power consumption has attracted much attention for the potential application in next-genera-
tion spintronic memories and logic devices. For conventional SOT-driven perpendicular magnetization switching, an external
in-plane magnetic field is inevitable to break the symmetry, which is the main obstacle for practical applications due to its re-
quirement of more power consumption and additional complex design circuits. Thus, the realization of field-free perpendicu-
lar magnetization switching by SOT is eagerly desired. Here, we reviewed the recent advances in field-free SOT-driven mag-
netization switching. The correlated mechanisms include

symmetry breaking of the magnetic layer structure, in-plane
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exchange bias field, modulation of the in-plane anisotropy
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Fig. 1 Schematic diagram of magnetic random access memory based on spin transfer torque effect (a) and spin-orbit torque effect (b) t
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Fig.2  Schematic diagram of spin Hall effect (a) and interfacial
Rashba-Edelstein effect (b)
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Fig. 3 The anomalous Hall loop of Ta/CoFeB/MgO heterostructure (a) , external in-plane magnetic fields assisted current-driven magnetization

switching (b) ; schematic of three-terminal magnetic tunnel junctions device and its measurement configuration (c) , the relationship be-

tween the tunneling magnetoresistance effect of the three-terminal magnetic tunnel junctions device and the direct current (d
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Fig. 4 Current-induced spin-orbit torques with the magnetic moments in different directions in the AlO, /Co/ pit2!
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Fig. 5 Schematic diagram of Ta/CoFeB/TaO, ( wedge) structure (a) and Ta/CoFeB/TaO ( wedge) Hall bar device (b); field-free

SOT switching loops of perpendicular magnetization ; the thickness of Ta before oxidation is 1. 67 nm (c) and 1. 94 nm (d) (21,

the patterned wedge-shaped CoFeB nanomagnet structure magnetic anisotropy (e) ; due to the wedge-shaped structure, the direc-

tions of the easy axis of the CoFeB layer are slightly inclined with respect to the z-axis(f) (23]
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Fig. 6 Schematic diagram of Ta/Pt/Co/Pt/ItMn/Ta0, structure (a) and correlated Hall device (b) [30] " schematic diagram of the TrMn/

CoFeB structure and the principle diagram of the spin Hall effect produced by the antiferromagnetic layer IrMn (c¢) (311 ; T-type struc-

ture; the bottom CoFe layer has perpendicular magnetic anisotropy, while the top CoFe layer has in-plane magnetic anisotropy, the ef-

fective field is provided by the exchange coupling between the Ru layers, while the thicker Pt layer provides spin current to the perpen-

dicular CoFe layer (d) (36]

7  Ru/IrMn/Co/Ru/CoPt/MgO 5345 i T Z W5 8] (a) ; Ru/IrMn/Co/Ru/CoPt/MgO 53 JFi 4% 1) = f ML WG 1%, R R T

Pl 7a v 155 SR BRI IO X B LR AR 2 SR 0L 1t (b) )

Fig. 7 Element mapping of Ru/IrMn/Co/Ru/CoPt/MgO heterostructure (a) ; the high angel annular dark-field imaging of the Ru/IrMn/Co/

Ru/CoPt/MgO heterostructure, inset shows a line scanning of the energy dispersive spectroscopy results marked with white arrow in

Fig. 7a (b) ¥
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Fig. 8 Schematic diagram of the electrical measurement setup (a) ; schematic diagram of the spin current produced by heavy metal Pt (b) ;

voltage applied to PMN-PT, the potential £,>0 (c) and E <0 (e) on heavy metal Pt; the spin distribution of Pt/PMN-Pt interface

due to spin-orbit coupling under vertical electric field (d) ; E,>0 (f) and E,<0 (g), the spin-orbit torque of the CoNiCo magnet due

to the spin Hall effect, the spin-orbit coupling and superposition

[42]
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Fig. 9 Schematic of spin competition and accumulation processes between Pt and W in the Pt/W/CoFeB/MgO structure (a); anomalous

Hall loops measured at +7 mA (b); field-free magnetization switching loop (¢ ) ; magnetic-optical Kerr microscope images of the

field-free switching (d) [43]
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Fig. 10

Schematic diagram of the setup of the current-induced magnetization switching in the SrlrO;/SrRuO; bilayer, in which the EA

represents the easy axis direction of the system (a) ; schematic diagram of two SOT switching behaviors, in the above figure, in the ab-

sence of an external magnetic field, the easy axis( 0y, #0) deviates from the z direction, in the below figure, an auxiliary field in the

¥ direction is applied to switch the tilt magnetization in the x direction (b) (44]
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Fig. 11 The magnetization gradient (a) and anisotropy gradient (b) in the y direction of the ferrimagnetic GdFeCo, the saturation magneti-

zation of gradient (¢) and anisotropy gradient (d) in the z direction of the ferrimagnetic GdFeCo
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