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Table 1 The anisotropy induced by different strain components,
where b, denotes the magnetoelastic coupling coefficient and ¢,,, (m,
n = x, y, z) represents the values of different strain components
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Figure 1 (a) Schematic diagram of the Stoner-Wohlfarth model. (b) Schematic diagram of energy barrier for magnetization reversal under different
external magnetic fields (The variation of the system energy with the magnetic moment direction under different magnetic fields) [14]. (c) Schematic
diagram of the dynamic variation of the energy barrier under the SAW (The variation of the system energy with the magnetic moment direction under

different strain components).
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Figure 2 SAW-assisted deterministic magnetization reversal. (a) SAW-assisted magnetization reversal in the perpendicular (Ga, Mn)(As, P) film of
dilute magnetic semiconductors: Schematic diagram, magnetic hysteresis loops corresponding to different acoustic waves, and the variation of
coercivity with temperature [16]. (b) SAW-assisted magnetization reversal in Ir/Co/Pt multilayers: Schematic diagram, and the variation of coercivity
with SAW power and frequency [17]. SAW significantly reduces the critical (¢) STT [19,20] and (d) SOT [21] currents for magnetization reversal. (e)
SAWs also have a driving effect on nanomagnetic particles: Schematic diagram and the variation of magnetization with time (the red line corresponds
to the time period when acoustic waves are applied) [22].
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Figure 3 SAW-driven precessional reversal. (a) MOKE patterns of precessional reversal in the perpendicular (Ga, Mn)(As, P) film of dilute
magnetic semiconductors [9]. (b) The variation of magnetization with acoustic wave pulses, the application of SAW enables the reciprocating reversal
of magnetization [10].
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Figure 4 MOKE patterns for manipulating the magnetic phases of FeRh via SAWs and a schematic diagram of the corresponding nonvolatile
multistate memory, and SAW pulses of different durations can drive the system to reach distinct resistance states [28].
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Figure 5 Angular-dependent magnetic field sweep plots of (a) the resonant frequency, (b) the SAW equivalent field factor. Angular-dependent
magnetic field sweep plots of the ferromagnetic resonance intensity driven by (¢c) SAW and (d) rf EMW [29].
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Figure 6 (a) Schematic diagram of the heterojunction for SAW-driven ferromagnetic resonance [30]. Angular-dependent magnetic field sweep plots
of acoustic magnetic resonance absorption power at (b) lower [31] and (c) higher SAW frequencies [32]. Variations of SAW absorption power with (d)
propagation distance [33] and (e) film thickness [34]. (f) Variations of acoustic magnetic resonance field and resonant frequency with temperature [37].
(g) Influence of magnetic anisotropy direction on the angular-dependent magnetic field sweep plots of acoustic magnetic resonance [38]. (h) Back-
action of magnons to phonons [39].
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Figure 9 (a) Nonreciprocity induced by shear strain of SAW: angular-dependent magnetic field sweep plots considering only tensile strain, and those
considering both tensile strain and shear strain simultaneously [31]. (b) Dependence of shear strain-induced nonreciprocity on external magnetic field
angle: magnetic moment amplitude spectra at different magnetic field angles, acoustic magnetic resonance amplitudes, and variations in nonreciprocity
intensity with magnetic field angle [57]. (¢) Nonreciprocity induced by interfacial DMI [58]. (d) Nonreciprocity induced by dipolar interaction [60]. (¢)
Nonreciprocity induced by magneto-rotational coupling: schematic diagram, power absorption spectra corresponding to forward and backward SAW
propagation directions, and nonreciprocity magnitudes at different magnetic field angles [5]. (f) Nonreciprocity induced by acoustic mode splitting in
artificial antiferromagnetic structures: acoustic mode splitting caused by SAW propagation direction, acoustic magnetic resonance, and angular-
dependent magnetic field sweep plots of its nonreciprocity [63].
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Figure 10 (a) Domain wall motion driven by the SAW: schematic diagram, variations in domain wall position under different magnetic fields and
SAW frequencies, and the magnified view at a magnetic field of 0.5 mT [15]. (b) Effect of thermal effect on SAW-driven domain wall motion:
influences of different temperatures and magnetic fields on domain wall velocity, and the corresponding MOKE images [68]. (¢) Time evolution
diagram of the driving effect of SAW standing waves on domain walls at different positions [69]. SAW-driven magnetic skyrmion (d, ) generation
[70], (f) alignment [71], and (g) motion [72]. (h) SAW-driven magnetic vortex chirality reversal [73].
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Surface acoustic waves (SAWs) have emerged as one of the crucial methods for regulating magnetization dynamics,
thanks to their unique advantages such as lower transmission loss, easier integration, and nearly zero Joule heating loss.
Based on the magnetoelastic coupling model of acousto-magnetic interaction, this review elaborates on the effect of
SAWs on magnetic moments and proposes a model for SAW-assisted/driven magnetization dynamics, while also
outlining other acousto-magnetic coupling mechanisms. Combined with relevant domestic and international simulation
and experimental work, we review the typical influence of SAW on magnetization dynamics—including static and
dynamic processes such as assisting magnetization reversal, affecting exchange bias, aiding magnetic phase transitions,
driving ferromagnetic resonance, inducing acoustic voltage generation, causing nonreciprocal transmission, and assisting
in the generation and driving of various magnetic structures. Furthermore, we systematically sort out the research routes
while clarifying the underlying physical mechanisms. This review is of great significance for a comprehensive
understanding of the research directions and the latest progress in SAW-driven magnetization dynamics, and provides
theoretical support and technical guidance for subsequent related basic research and device design.

surface acoustic wave, magnetization dynamics, magnetization reversal, ferromagnetic resonance
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