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Manipulation of magnetic domain walls (DWs) in an antiferromagnet plays a fundamental role in devel-
oping antiferromagnetic (AFM) devices with small size and high velocity for information processing. On
the other hand, in addition to the ultrahigh-frequency (THz) AFM magnetization precession, recent inves-
tigation shows that an antiferromagnet may also exhibit unique dynamical behaviors at a lower frequency
(GHz) by an optical method. In this work, we predict the characteristic frequency of AFM magnetization
dynamics can be further widened to MHz by triggering the oscillation of an AFM DW under a stress that
is a sinusoidal function in a spatial coordinate. This low frequency is due to the mismatch of size between
the spatial period of stress and DW width. Based on this low-frequency oscillation, DW can move at an
almost constant velocity by shifting the phase of stress. The proposition in this work paves the way to
develop AFM devices with small size and ultralow dissipation.

DOI: 10.1103/PhysRevApplied.15.014030

I. INTRODUCTION

Due to the negligible stray field and magnetization pre-
cession at an ultrahigh frequency (THz), antiferromagnetic
(AFM) spintronics attracts the attention of researchers
aiming to develop devices with small volume and high
speed for information processing or signal transmission
[1,2]. In general, a femtosecond laser or spatiotemporal
stress may trigger an ultrahigh-frequency (THz or near
THz) magnetization precession due to the strong AFM
exchange coupling [3–5]. Very recently, laser-induced
unique AFM magnetization dynamics at a lower frequency
(GHz) also attracts interest [6]. This widens the range of
frequency for AFM devices.

The dynamics of magnetization is relevant to the
structure of magnetization in an AFM medium. Usu-
ally, the magnetization structure in a real AFM medium
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is not as simple as a single domain. More compli-
cated textures like skyrmions and multidomains with
domain walls (DWs) may exist in the AFM mate-
rial [7–17]. The manipulation of AFM textures plays
a vital role in information processing or signal trans-
mission in spintronic devices. The motion of AFM
DWs or skyrmions is driven through the interaction
with spin-polarized electrical currents, spin currents
[7–9,12,13,18], temperature gradient [10], voltage [11,17],
and spin wave [15]. In theory, an AFM DW moves at
high velocity under an electrical current injecting into an
AFM conductor or a heavy-metal layer above or below
an AFM insulator [8,12,13]. Nevertheless, high dissipation
from the electrical current is a bottleneck to application.
On the other hand, in a single AFM insulator such as NiO,
charge transportation is forbidden, and only other interac-
tions with voltage or spin wave can drive a DW [11,15,17].
However, it is still challenging to trigger an AFM DW to
move at a stable velocity under the applied voltage or spin
wave. In voltage-induced AFM DW motion, an antiferro-
magnet is deposited on a wedge-shaped piezoelectric sub-
strate, and a DW keeps accelerating due to sloped magnetic
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FIG. 1. Schematic of a Néel-type DW in an AFM nanowire
under stress as a sinusoidal function in a spatial coordinate. (The
spatial period of stress is much longer than DW width.)

anisotropy energy [11,17]. As for spin-wave-induced DW
motion, DW velocity significantly enhances when the fre-
quency of spin wave matches the characteristic frequency
of an AFM DW [15]. Nevertheless, this is an instantaneous
velocity at an equilibrium position but not a stable one.

In this work, we predict low-frequency (MHz) oscilla-
tion and nearly uniform motion of an AFM DW under
stress as a sinusoidal function in a spatial coordinate. The
size mismatch between the spatial period of stress and
the DW width contributes to the low frequency of the
DW oscillation. Since near-THz oscillation of magneti-
zation in a single domain under a voltage-induced stress
has been predicted [5], our work reveals possible voltage-
induced magnetization dynamics with frequency ranging
from MHz to near THz in a multidomain AFM system.

II. MODEL AND METHOD

We consider DW motion in an AFM nanowire under
stress as a sinusoidal function in a spatial coordinate
(Fig. 1). A DW is initially generated in the middle of the
wire, and it exhibits Néel-type structure owing to the shape
anisotropy of the one-dimensional (1D) chain (see Fig. S1
within the Supplemental Material for more details [19]).
In general, position-dependent stress leads to a spatially
varied magnetic anisotropy energy that triggers a DW to
move in the direction with reducing anisotropy energy
[17]. Under stress as a sinusoidal function in a spatial coor-
dinate, the AFM DW may oscillate around the equilibrium
position because of DW inertia [1,17]. The DW oscillation
is relevant to the size difference between the spatial period
of stress and DW width. Based on widely used technol-
ogy for device fabrication like UV lithography, the allowed
minimum spatial period of stress is at least hundreds of
nanometers, which is significantly larger than DW width
(several nanometers).

Quantitatively, the oscillation of an AFM DW is ana-
lyzed using the collective coordinate method (CCM). The
calculation is based on a quasi-1D model, which assumes
an AFM exchange coupling along the length direction (x

axis) of a nanowire but neglecting the AFM coupling in
the other two dimensions (y and z axes) [17]. The AFM
nanowire comprises two sublattices (I and II), and the mag-
netization of each lattice I (II) is �mI(II)(�r, t). In an AFM sys-
tem, the uniform magnetization �m(�r, t) and staggered order
parameters �n(�r, t) are, respectively, expressed as �m(�r, t) =
�mI(�r, t) + �mII(�r, t) and �n(�r, t) = [�mI(�r, t) − �mII(�r, t)]/l(�r, t).
Here l(�r, t) is the absolute value of �mI(�r, t) − �mII(�r, t) and
close to 2MS for strong AFM exchange coupling. Here MS
is the saturation magnetization of the sublattice.

Under continuous approximation, the free energy of the
quasi-1D AFM model is [15]

H ≈
∫

v

[
J
2
(�m)

2 + A
2

(
d�n
dx

)2

− Kn2
z

]
dτ . (1)

In Eq. (1), J is a homogeneous exchange energy constant,
and J ≈ A/(ld)2. Here d is the lattice constant [15]. A
is an exchange stiffness constant, and K is an anisotropy
constant, including an intrinsic anisotropy constant (K0)
of an AFM insulator and position-dependent Kσ induced
by stress, which we explain later in more detail. dτ is the
volume element.

Based on Eq. (1), the effect fields of �m and �n are
derived as �Hm = −(δH/μ0δ �m) = −(J �m/μ0) and �Hn =
−(δH/μ0δ�n) = (1/μ0)[A(d2�n/dx2) + 2Knz�ez]. Here µ0 is
the permeability of vacuum. Starting from the Landau-
Lifshitz-Gilbert (LLG) equation for the magnetization
dynamics in the sublattice, we formulate the dynamics
equations for �m and �n under the approximation of strong
exchange coupling [14,15,17]:

∂t �m = −γ �n × �Hn + 2αMS�n × ∂t�n, (2)

∂t�n = −γ �n × �Hm + α

2MS
�n × ∂t �m. (3)

In Eqs. (2) and (3), γ and α are the gyromagnetic ratio of an
electron and damping parameter, respectively. Combining
Eqs. (2) and (3) under linear approximation, we derive the
dynamics equation of �n [20]:

∂2�n
∂t2

+ 2Jαγ MS

μ0

∂�n
∂t

= Jγ 2

μ0
�Hn. (4)

In general, �n = �n{x, [q1(t), q2(t)]} with q1 and q2 repre-
senting two collective coordinates of a magnetic texture.
Multiplying both sides of Eq. (4) by ∂�n/∂q1 and ∂�n/∂q2
and integrating them over the space of nanowire, one can
derive the following equation [20]:

↔
M · d2�q

dt2
+ 2Jαγ Ms

μ0

↔
M · d�q

dt
= �F . (5)
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Here,
↔
M is the tensor of effective mass with its

component Mij =
+∞∫
−∞

(∂�n/∂qi) · (∂�n/∂qj )dx, and Fi =

(Jγ 2/μ0)
+∞∫
−∞

�Hn · (∂�n/∂qi)dx.

We discuss the stress-driven DW motion. In the above
equations �Hn solely originates from the stress-induced
anisotropy energy density (Fσ ) of a cubic magnetostrictive
system [21,22]:

Fσ = −3
2
λs(α

2
1σxx + α2

2σyy + α2
3σzz + 2α1α2σxy

+ 2α2α3σyz + 2α3α1σxz). (6)

Here λs and σ ij (i, j = x, y, z) are isotropic magnetostric-
tive coefficient and stress tensor, respectively. α1, α2, and
α3 are the direction cosines of a staggered vector. We
only consider the σ xx component that can be approximated
asσxx = Aσ sin(k1x + ϕ) with amplitude Aσ and phase ϕ.
The validity of this simplicity is discussed below.

Because of the geometry of the AFM wire and the
intrinsic anisotropy field along the z axis, the magne-
tization rotation is assumed to be confined in the x-z
plane. Therefore, Eq. (6) is simplified to Fσ = −Kσα2

3 =
(3/2)λsAσ sin(k1x + ϕ)α2

3. Correspondingly, �Hn is

�Hn = − 3
μ0

λsAσ sin(k1x + ϕ)nz�ez. (7)

In a Walker DW, �n = ( sin θ cos φ, sin θ sin φ, cos θ), and
q1 = q (the central position of DW), and q2= φ (the
azimuthal angle of the magnetic moment in the central

of DW), and θ = 2 arctan{exp[(x − q)/λ} with λ = √
A/K

for DW width [15]. Since the spatial period of stress
is much longer than the DW width, we can neglect the
variation of λ with K, where λ is approximated as

√
A/K0.

Finally, we derive the dynamics equations for q and φ:

d2q
dt2

+ 2Jαγ Ms

μ0

dq
dt

= 3Jλγ 2

2μ2
0

λsAσ cos(k1q + ϕ)g(k1λ),

(8)

d2φ

dt2
+ 2Jαγ Ms

μ0

dφ

dt
= 0.

Here g(k1λ) = ∫ +∞
−∞ sin(k1λε)sech2(ε)tanh(ε)dε with

ε = (x − q)/λ. The g(k1λ) can be analytically expressed as
ga(k1λ) = π(k1λ)2/{2sinh[π(k1λ)/2]}. Since the dynam-
ics equation for q is independent on φ, we focus on the
evolution of q in the following.

The following discussion is based on numerically solv-
ing Eq. (8), and we see the factor g(k1λ) is vital to the
low frequency of DW oscillation. At first, we consider the
motion of an AFM DW under position-dependent stress
that is a sinusoidal function of x with a fixed phase ϕ

(ϕ = 0). Afterwards, the phase ϕ is shifted at different time
to trigger DW motion with a nearly stable velocity.

At first, DW is assumed to move under position-
dependent stress with a zero damping coefficient α = 0. In
this case, Eq. (8) is converted into

d2β

dt2
+ g̃k1 sin(β) = 0. (9)
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FIG. 2. (a) Representative
oscillation of an AFM DW
at different k1 and Aσ . (b)
Amplitude for the oscillation of
an AFM DW as a function of k1
from 0 to 5π × 106 m−1 [inset
shows the factor g as a function
of k1. The solid line and dots
are the numerical and analytical
expression of the factor g(k1λ),
respectively]. (c) Characteristic
frequency (f ) and the maximum
velocity (vm) for the oscillation
of an AFM DW as a function
of k1 from 0 to 5π × 106 m−1.
(d) f and vm as a function of
Aσ [Aσ is 400 MPa in Figs. 2(b)
and 2(c); k1 is 5π × 106 m−1 in
Fig. 2(d)].
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Here, β = (π/2) − qk1, and g̃ = (3Jλγ 2/2μ2
0)λsAσ

g(k1λ). Equation (9) indicates the DW oscillation at a
frequency f [23]:

f =
√

6Jλγ 2λsAσ k1g(k1λ)

8μ0K
(√

2
2

) . (10)

Here K(
√

2/2) is the first kind of complete elliptic integral:

K
(√

2
2

)
=

π/2∫

0

1√
1 −

(√
2

2

)2
sin2(θ)

dθ .

Since Eq. (9) is identical to an equation for the oscilla-
tion of a pendulum without damping, we can derive the
maximum velocity (vm) at the equilibrium position based
on the conservation of mechanical energy: (1/2)m̃v2

m =
m̃g̃(1/k1) withm̃, g̃, and 1/k1 representing mass, acceler-
ation, and pendulum length, respectively. The vm reflects
the upper limit of DW velocity, and it is expressed as

vm =
√

2g̃
k1

= γ

μ0

√
3JλλsAσ g(k1λ)

k1
. (11)

III. RESULTS AND DISCUSSION

The parameters of an AFM insulator NiO are used in the
calculation [17]: K0, A, Ms, d, λs, µ0, and γ are 3.32 × 105

J/m3, 5 × 10−13 J/m, 4.25 × 105 A/m, 4.2 × 10−10 m,
1.4 × 10−4, 4π × 10−7 N/A2, and 2.21 × 105 m/(A s),
respectively. The damping parameter α is smaller than
0.001 [24]. Aσ is 400 MPa or lower. Correspondingly, Kσ

is at the magnitude of 104 J/m3 or smaller, which is at least

one order of magnitude smaller than K0. Consequently, we
can safely neglect the variation of λ with K in theory [17].

The oscillation of an AFM DW is also simulated based
on a homemade code for solving the LLG equation of
the magnetization in two sublattices of an AFM medium
(see Fig. S1 within the Supplemental Material for more
details [19]). The simulation is based on a discrete 1D
chain model with the cell size being the same to the lat-
tice constant (0.42 nm). The track dimension is 1050 nm
(length) × 0.42 nm (width) × 0.42 nm (thickness).

As indicated in Eqs. (10) and (11), the DW oscillation
is strictly relevant to the physical parameters including Aσ ,
k1, and λ. Here λ and k1 are the DW width and the recip-
rocal of spatial period of stress, respectively. Based on the
resolution of current ultraviolet lithography technique, the
smallest spatial period is hundreds of nanometers. Con-
sequently, k1 is at the magnitude of 107 m−1 or smaller.
Here, we consider k1 between 0 and 5π × 106 m−1 [inset
of Fig. 2(b)].

As shown in Fig. 2, the changing of k1 manipulates
both characteristic frequency and amplitude [Figs. 2(a) and
2(c)], while Aσ only affects the frequency [Fig. 2(a)]. This
is similar to a classical pendulum without damping. When
k1 is between 0 and 5π × 106 m−1, the amplitude of DW
oscillation is at the magnitude of hundreds of nanometers
or larger [Fig. 2(b)]. On the other hand, the variation of k1
in the range between 0 and 5π × 106 m−1 makes a negli-
gible impact on vm, which is around 800 m/s [Fig. 2(c)].
The vm and characteristic frequency of an oscillating AFM
DW (f ) are also proportional to the square root of Aσ

[Fig. 2(d)]. It is noteworthy that f is mostly at the mag-
nitude of MHz [Figs. 2(c) and 2(d)], which is much lower
than the characteristic frequency (THz or near THz) for
the magnetization precession in an antiferromagnet driven
by an ultrafast laser or voltage-induced spatiotemporal
stress [5].

(a)

(c)

(b) FIG. 3. (a) Central position and
(b) instantaneous DW velocity as a
function of time at different physi-
cal parameters [the solid lines depict
the numerical solutions of Eq. (8),
and the dotted lines are the sim-
ulated results. The parameters for
the simulation are listed in the
table]. (c) Snapshot of simulated
DW oscillation at different times for
k1= 5π × 106 m−1, Aσ = 250 MPa,
and α = 2 × 10−4.
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(a) (b)

(c) (d)

(e) (f)
Frequency (GHz)
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FIG. 4. (a) Temporal central position (q) for the DW motion
driven by a pulsed stress wave with a phase shift of π /2 at
�t = 20 ns. (b) Temporal q for the DW motion driven by a pulsed
stress wave with a phase shift of π /2 at different �t (inset: the
magnified q ∼ t curves in the first 20 ns). (c) Temporal AFM
DW velocity for shifting the phase by π /8 at �t = 0.5 ns (inset:
magnified temporal AFM DW velocity in the first 10 ns). (d)
Spectrum of phase and DW velocity of (c) using the FFT. (e)
Velocity at zero frequency (v0) and the ratio of velocity at the
fundamental frequency (v1) to v0 as a function of �t for different
phase shifts; (f) v0 and v1/v0 as a function of damping coefficient.

According to Eq. (10), even though strong AFM
exchange coupling indeed contributes to the frequency of
DW oscillation, the g(k1λ) factor seems more critical to
the frequency of DW oscillation. This g(k1λ) is quite sen-
sitive to the changing of k1, and it significantly decreases
by several magnitudes with the reducing of k1 between 0
and 5π × 106 m−1 [inset of Fig. 2(b)]. Such a small k1 cor-
responds to a spatial period that is much longer than DW
width. Therefore, it is concluded that the slow DW oscil-
lation is relevant to the size mismatch between the spatial
period of stress and DW width.

The vm in Fig. 2 indicates the upper limit of DW veloc-
ity with an idealistic zero damping coefficient. In real AFM
medium, the influence of damping on the DW motion also
needs to be taken into account. The equation containing
the damping term [Eq. (8)] is numerically solved using
the fourth-order Runge-Kutta algorithm with a time step
of 10 ps, and the results are exhibited using the solid lines
in Fig. 3(a). Because of damping, the DW fails to keep
oscillating for a long time. Instead, it relaxes towards a

stable equilibrium position that is hundreds of nanome-
ters away from the origin of the coordinate system within
10 ns (Fig. 3). Increasing k1 raises the frequency of DW
oscillation and shifts the equilibrium position to be closer
to the origin. Manipulation of Aσ changes the amplitude
of DW oscillation, but influences neither relaxation time
nor equilibrium position. In contrast, the enhancement of
damping reduces the amplitude and accelerates the relax-
ation of the damped DW oscillation. The instantaneous
DW velocity is derived by differentiating q with respect
to t of the q ∼ t curves [Fig. 3(b)]. The velocity is smaller
than vm in Fig. 2. Nevertheless, a maximum DW velocity
can still reach 350 m/s at a high k1 or a lower damping
coefficient.

The damped oscillation of an AFM DW is also sim-
ulated using the homemade code as illustrated by the
circles in Fig. 3(a) (the movie is shown in Video S1 in the
Supplemental Material [19]). Overall, the simulated DW
oscillation is close to the numerical solution of Eq. (8).
However, at very weak damping, the simulated oscillation
seems slower than that from solving Eq. (8). This differ-
ence may come from the linear approximation in CCM for
deriving Eq. (8). On the other hand, the variation of DW
width is neglected in CCM but is included in the simula-
tion. The changing of DW width in the simulation can be
different from that determined from the continuous CCM.
For example, the variation of anisotropy constant between
2.48 × 105 J/m3 and 4.16 × 105 J/m3 (Aσ = 400 MPa) leads
to the theoretical changing of DW width between 1.10 and
1.42 nm. This is even shorter than a cell in the simulation.
The contradiction between CCM and simulation deserves
further investigation [25].

Figure 3 exhibits stress-induced DW oscillation with a
decaying amplitude towards an equilibrium position. In
real application, continuous DW motion at a stable velocity
seems more relevant. This demands the shift of equilib-
rium position at a speed matching the DW velocity under
spatiotemporal stress. A typical example of spatiotempo-
ral stress is surface acoustic wave (SAW). However, our
calculation indicates that it is still quite challenging to trig-
ger the AFM DW motion at a controllable speed by SAW
(Fig. S3 within the Supplemental Material [19]). Neverthe-
less, steady DW motion is still possible under a sinusoidal
stress function with an abrupt phase shift at a fixed period
(Fig. 4).

At first, as an extreme case, we consider the phase shift
of π /2 after the DW halts moving at its equilibrium posi-
tion under the first triggering. The abrupt change of phase
ϕ by π /2 removes the equilibrium position. As a result,
the DW moves again towards the next equilibrium position
[Fig. 4(a)]. This is the principle for observing DW motion
by a magneto-optical Kerr effect (MOKE) microscope.

On the other hand, when the phase is shifted before the
DW relaxes to the equilibrium position, the DW can move
continuously. As representative examples, we consider a
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(a) (c)

(b)

Ni-O

FIG. 5. (a) Schematic of the struc-
ture of the device for AFM DW motion
induced by position-dependent stress as
a sinusoidal function in a spatial coordi-
nate. (b) Simulated xx component of the
stress (σ xx) as a function of the coordi-
nate x in the length range shown in (a).
(c) Simulated stress components (σ xx,
σ yy , σ zz , σ xy , σ xz , and σ yz) as a func-
tion of x from 0 to 500 nm (the dotted
lines) and the fitted σ xx as a sinusoidal
function of x (the red solid line) (the red
dash lines indicate where the voltage is
applied).

phase shift of π /2 at �t of 1, 2, 3, and 4 ns after the initial
triggering [Fig. 4(b)]. They are all much shorter than the
relaxation time. Consequently, the q-t curves in Fig. 4(b)
indicate sustainable DW motion within 1000 ns, and the
average DW velocity becomes maximum (around 130 m/s)
when �t = 2 ns. To exhibit the DW motion in a time range
that is comparable to the pulse period, we magnify the q-t
curves in the initial 20 ns [inset of Fig. 4(b)]. In this time
range, the DW motion is similar to that in the long stage
of 1000 ns. On the other hand, the result of simulation [the
black dotted line in the inset of Fig. 4(b)] is very close
to that of the numerical solution of Eq. (8) (the movie is
shown in Video S2 within the Supplemental Material [19]).

To exhibit the characteristics of DW motion more
clearly, we derive instantaneous DW velocity by differ-
entiating q with respect to t. As a representative case for
�ϕ =π /8 and �t = 0.5 ns [Fig. 4(c)], the DW velocity
can be controlled around 125 m/s after short initial relax-
ation. This means that uniform motion and small oscilla-
tion compose the DW motion. The time-dependent DW
velocity and phase are transformed into frequency domain
using fast Fourier transformation (FFT) analysis. (The fre-
quency, time interval, and point number for the sampling
are 100 GHz, 0.01 ns, and 105, respectively.) In the fre-
quency domain, the amplitude of phase at zero frequency
approaches infinite and it drops to zero at a series of fre-
quencies (fn = 2n GHz, n = 1, 2, 3, etc.) (this is explained
in detail in Fig. S4 within the Supplemental Material [19]).
Correspondingly, the amplitude of DW velocity consists of
a large value at zero frequency (v0) for the average veloc-
ity and a series of small amplitudes at fn (vn, n = 1, 2, 3,
etc.). Therefore, under the pulsed phase, the DW motion is
composed by uniform motion and small oscillation.

In application, one may expect the uniform motion dom-
inates over oscillation. Therefore, we collect v0 and v1/v0
at different conditions [vn (n > 1) is negligible] [Figs. 4(e)
and 4(f)]. Both v0 and v1/v0 nonmonotonously change with
�t. When �t is very short, the DW cannot accelerate to
a high speed. After the relaxation for a long �t, the DW
slows down due to damping [Fig. 4(f)]. On the other hand,
the maximum v0 is accompanied with the minimum v1/v0
that is smaller than 0.1 [Fig. 4(e)], showing the dominant
uniform motion over oscillation.

Finally, we simulate the position-dependent stress that
triggers the motion of an AFM DW using the software
COMSOL Multiphysics (Figs. 5 and 6). The simulated
device comprises NiO nanowire, lead zirconate titanate
(PZT) layer, Al electrode array, and Si substrate from top
to bottom [Fig. 5(a)]. The distance between neighboring
Al electrodes is 250 nm. The result of simulation shows
that the x-dependent xx component of the stress (σ xx) sat-
isfies a sinusoidal function when the position is more than
500 nm away from the edge [Figs. 5(b) and 5(c)]. On
the other hand, because of the geometry of the long-stripe
nanowire, σ xx is clearly dominant over all the other compo-
nents [Fig. 5(c)]. This confirms the validity for considering
σ xx in the theoretical calculation above.

In experiments, the phase of sinusoidal stress function
can be shifted through the circuit as shown in Fig. 6(a).
In this circuit, the position-dependent stress is generated
under a voltage pulse, and the phase of sinusoidal stress
function can be shifted by the delayer connecting to the
electrode. The temporal voltage pulse with V0= 5.7 V
[Fig. 6(b)] triggers the stress as a sinusoidal function in
a spatial coordinate [Fig. 6(c)]. Here, the phase of sinu-
soidal stress function is shifted by π /2 at time �t with
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(a)

(c)(b)

Ni-O

FIG. 6. (a) Structure of the circuit for
generating position-dependent stress with
switchable phase. (b) Time-dependent
electrical potential on the e1, e2, e3, and e4
points shown in (a). (c) Simulated stress as
a sinusoidal function of x due to the pulsed
voltage in (b) with phase shift of π /2 at �t
with a period of 4�t.

a period of 4�t, which can induce continuous motion
of an AFM DW. On the other hand, the relaxation time
of voltage-induced variation of stress is at the magnitude
of picoseconds, which is several magnitudes shorter than
relaxation of AFM DW [5]. Therefore, its influence on DW
dynamics can be safely neglected.

Finally, the dissipation of the system in Fig. 6 is esti-
mated. Under the assumption for an idealistic insulat-
ing PZT substrate, the dissipation only comes from the
magnetization precession with Gilbert damping. When
the AFM DW moves at a velocity around 100 m/s, the
emission of spin wave can be neglected, and the dis-
sipation is approximated as Pdis = −2μ0HeffMsvd2 [25].
Since the DW velocity is v = γ Heffλ/α [26], the Pdis
can be expressed as Pdis = (2μ0Msv

2d2α)/γ λ. Assuming
v = 100 m/s and α = 5 × 10−4, the power of dissipation is
around 3.5 × 10−15 W.

IV. SUMMARY

In summary, MHz oscillation and steady motion of an
AFM DW driven by spatial-dependent stress are inves-
tigated in theory. Under an experimentally reasonable
sinusoidal stress function, the DW oscillates around an
equilibrium position at the frequency of MHz. This low
frequency of DW oscillation is because of the size mis-
match between the spatial period of stress and DW width.
When the phase of stress is shifted during the relaxation
of DW, the DW can continuously move at a controllable
velocity that is higher than 100 m/s. This contributes to the
manipulation of DW motion at a stable velocity in a single
AFM insulator and paves the way to develop AFM spin-
tronics devices with an ultralow dissipation. On the other

hand, similar interesting phenomena may also be observed
for different AFM textures, such as AFM skyrmion. This
deserves further investigation.
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