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Fig. 1. The three results with different magnitude and direction of STT effect: (a) Speed up the process
of damping; (b) the precession of magnetization; (c) the magnetization reversal. The black arrows indicate

damping term, gray arrows indicate STT term, white arrows indicate the field-like term, and shaded arrows

indicate Lamor precession.
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Fig. 2. (color online) The schematic diagrams of cur-

rent induced the domain wall motion with the polar-

ization current.
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Fig. 3. (color online) The schematic diagrams of the

track memory (taken from Ref. [15]).
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Fig. 4. (color online) Layout of the device and symmetry of the spin-orbit fields: (a) Atomic force micrograph
of sample with eight non-magnetic metal contacts; (b) diagram of device orientation with respect to crys-
tallographic axes, with easy and hard magnetization axes marked with blue dashed and red dot-dash lines,
respectively, measured directions of Hg field are shown for different current directions; (¢), (d) orientation
of effective magnetic field with respect to current direction for strain-induced (c¢) and Rashba (d) spin-orbit
interactions. The current-induced Oersted field under the contacts has the same symmetry as the Rashba
field (all panels are taken from Ref. [16]).
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Fig. 5. (color online) The structure of the symmetrical
Pt/CoNiCo/Pt device (taken from Ref. [32]).
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NOT gate: Y=A

A
(a)

NOR gate: Y=A+B

(c)

Logic input Logic output
(voltage) (voltage)
Up1 Vo
0 1 (6.5 pV)
1 0 (—5.7 pV)
NOT gate
(b)

Logic input Logic output
(voltage) (voltage)
Up1 Upa Vo
0 0 1 (11.8 uV)
0 1 0 (—1.9 pVv)
1 0 0 (1.9 nV)

1 1 0 (—11.6 pV)
NOR gate

(d)

6 (FITIRL) (a) JE AR HE 1 [100] CopFeAl S#HHIH I NOT [1HESHI = ; (b) NOT | 13 B ol
#; (c) FEHXOM P [010] 1 [100] CopFeAl 31 HIRL I NOR 1787 B ; () %y b eb FE W5 1 o H 1 25

AR NOR T2 B EAESR (51 B 3CHk [59])

Fig. 6. (color online) (a) The schematic diagram of a piezo voltage controlled [100] orientated CoaFeAl device

built for NOT gate; (b) truth table summary of the operation described in NOT gate; (c) the schematic

diagram of piezo voltages controlled [010] and [100] CozFeAl devices built for NOR gate, where the piezo
voltages Up1 and Upg for the [010] and [100] devices, respectively; (d) the output voltages of the NOR gates
with varying the piezo voltages for NOR logic gates (taken from Ref. [59]).
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Abstract

Electrical control of spins in magnetic materials and devices is one of the most important research topics in spin-
tronics. We briefly describe the recent progress of electrical manipulations of magnetization reversal and domain wall
motion. This review consists of three parts: basic concepts, magnetization manipulation by electrical current and voltage
methods, and the future prospects of the field.

The basic concepts, including the generation of the spin current, the interaction between the spin current and
localized magnetization, and the magnetic dynamic Landau-Lifshitz-Gilbert-Slonczewski equation are introduced first.

In the second part, we reviewed the progress of the magnetization controlled by electrical current and voltage.
Firstly we review the electrical current control of the magnetization and domain wall motion. Three widely used struc-
tures, single-layer magnets, ferromagnet/heavy metal and ferromagnet/nonmagnetic metal/ferromagnet, are reviewed
when current is used to induce magnetization reversal or drive domain wall motion. In a single-layer magnetic material
structure, domain wall can be effectively driven by electrical current through spin transfer torque. The factors influencing
the domain wall trapping and motion are also discussed. The electrical current control of the skyrmions has big potential
applications due to much lower current density. Using the Dresselhaus and Rashba spin orbital coupling, the electrical
current can also directly reverse the magnetization of single magnetic or antiferromagnetic layer. Then, we review the
electrical current switching the magnetization of the ferromagnetic layer in ferromagnetic/heavy metal structures, where
both spin Hall effect and Rashba effect can contribute to the current switching magnetization in such device structures.
To identify the relative contributions of these two mechanisms, several quantitative studies are carried, concluding that
spin Hall effect plays a major role, which is summarized in this review. Finally, we review the current switching magne-
tization of free layers in spin valve and magnetic tunnel junctions (MTJs) by spin transfer torque. We also discuss the
approaches to the decrease of the critical current density in MTJs, which is desired for future applications.

Alternatively, the electric field can also be used to manipulate the magnetization, where three methods are reviewed.
Applying an electric field to the ferromagnetic/piezoelectric heterostructures, which changes the crystal structure of
magnetic film through piezoelectric effects, realizes the change of the magnetic anisotropy of the ferromagnetic layer. In
ferromagnetic/ferroelectric heterostructures, electric field changes the spin distribution and orbital hybridization at the
surface of magnetic film through the magnet-electric coupling effects, and then controls the magnetization of the fer-
romagnetic layer. In ferromagnetic metal (semiconductor)/dielectric/metal structure, electric field controls the electron
accumulation or depletion at the surface of the ferromagnetic metal or semiconductor, the change of the electron density
in the magnetic layer in turn affects the magnetic exchange interaction and magnetic anisotropy.

Finally, we present the prospects for the development of electrical control magnetization reversal and domain wall
motion for future applications.

Keywords: spintronics, spin transfer torque, spin-orbit coupling, voltage control
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