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Surface acoustic waves (SAWSs) have significant potential for energy-efficient control of magnetic
domain walls (DWs) owing to the magnetoelastic coupling effect. However, the dissipation of radio-
frequency (rf) power in a SAW device can result in heating, which can also affect the DW motion. In
this work, the heating of a SAW device consisting of a Pt/Co/Ta thin film with perpendicular magnetic
anisotropy in between two interdigitated transducers is measured in situ with use of an on-chip Pt film as
a thermometer within the SAW beam path. The application of SAWs at a center frequency of 48 MHz and
a total rf power of 21 dBm results in a temperature increase of approximately 10 K within the SAW beam
path owing to rf-power dissipation. DW velocity in a Pt/Co/Ta thin film is evaluated separately with use of
Kerr microscopy at various temperatures or in the presence of SAWs. With a 10-K increase in temperature
only, the DW velocity is found to increase from 33 4+ 3 pm/s (at room temperature) to 104 + 8 wm/s
under an external magnetic field of 65 Oe. Traveling-SAW-assisted DW velocity (116 =3 pm/s) is
slightly higher than that with a 10-K temperature increase alone, suggesting that the heating plays the
major role in promoting DW motion, whereas the DW motion is significantly enhanced (418 &£ 8 pwm/s)
in the presence of standing SAWs, indicating that magnetoelastic coupling is more important than heating

in this scenario.
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I. INTRODUCTION

Magnetic domain wall (DW) motion in thin films with
perpendicular magnetic anisotropy shows potential for
technological applications in spintronics, such as mag-
netic racetrack memory and logic devices [1-7]. DW creep
motion, which occurs below a critical field Hye, and at
a finite temperature 7, is the characteristic motion of
a 1D elastic interface propagating through a 2D disor-
dered medium. The velocity of DW creep motion can be
described as [8—10]

1
Uc Hdep 4
= — 1
v voexp( kBT(H)>, M)
where U, is the pinning energy barrier induced by the
disordered energy landscape, H is the applied field, kg
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is the Boltzmann constant, and v, is a numerical prefac-
tor [9,11]. Therefore, to enhance the DW creep motion,
one can decrease the pinning energy barrier, increase the
magnetic field, or increase the temperature.

Surface acoustic waves (SAWSs) are acoustic waves trav-
eling along the surface of a material exhibiting elasticity,
which can introduce dynamic strain waves propagating
distances of millimeters through magnetic thin films [12].
The magnetoelastic energy density may be expressed as

Fye = By Z m?éi,’ + B; Z mim; €;; , (2)
=X,z i#j

where By and B, are the longitudinal and shear magne-
toelastic coefficients, which are material dependent, and
€;; 1is the strain tensor. Owing to the magnetoelastic cou-
pling effect, dynamic strain waves create a dynamic energy
landscape and therefore trigger the magnetization preces-
sion [13—15], assist the magnetization switching [16,17],
and enhance the DW motion [18-22]. For example, Dean
et al. [23] theoretically showed that multiple DWs could
be moved synchronously by changing the frequency of
standing SAWs. Edrington et al. [20] demonstrated that
standing SAWSs can be an effective driver of DW motion in
Co/Pt multilayers. Adhikari et al. [18,24] investigated the
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impact of SAWs on enhancing DW motion and increasing
the likelihood of DW depinning.

The applied radio-frequency (rf) power and the propa-
gation of SAWs through a structure can result in a global
or local temperature increase in devices due to either the
dissipation of the rf power or acoustothermal heating from
the SAW [25-28]. These temperature increases can also
contribute to the DW motion. The acoustothermal heating
effect is often discussed in the context of the interac-
tion of SAWs with microfluidic systems [26,29-35]. For
example, Wang et al. [34] investigated SAWs as a rapid
and controllable acoustothermal microheater for both the
sessile droplet and liquid within a polydimethylsiloxane
microchamber. Utko ef al. [27], on the other hand, found
that the rf-heating effect plays more important role than the
SAW itself in a SAW-driven single-electron pump.

Evaluation of the different possible heating mechanisms
in SAW-magnetic thin film system is therefore crucial to
distinguish between heating and SAW-induced effects. To
date, no systematic study on heating effects in such systems
has been reported. In this study, we examine the heat-
ing of a SAW device that comprises a Pt/Co/Ta thin film
with perpendicular magnetic anisotropy in the presence of
standing or traveling SAWs within a frequency range of
46-51 MHz and at a power of 21 dBm. The heating is
measured in situ with use of Pt thin film thermometers
placed at several locations on the same chip, including
within the SAW beam path. DW velocity is also separately
determined at different temperatures, firstly with no SAW
applied, and secondly in the presence of standing or travel-
ing SAWs, allowing us to discuss and investigate fully the
origin and impact of heating, and to distinguish it from the
SAW-driven effects.

II. METHODS

Figure 1(a) shows a schematic of the SAW device.
A 2-mm-wide Ta(5.0 nm)/Pt(2.5 nm)/Co(0.9 nm)/Ta(5.0
nm) [see Fig. 1(c)] thin film with perpendicular mag-
netic anisotropy is prepared at the center of an 128° Y-cut
lithium niobate (LiNbOj;) substrate with dimensions of
10 x 12 x 0.5 mm® by dc magnetron sputtering in a vac-
uum system with a base pressure of 3.0 x 107° Pa. A pair
of Ti(10 nm)/Au(90 nm) interdigitated transducers (IDTs)
are patterned at either end of the magnetic thin film by opti-
cal lithography followed by metal evaporation and liftoff.
Each IDT consists of 20 pairs of electrodes. The aperture of
the IDTs (length of the electrodes) and the SAW propaga-
tion distance (distance between the two IDTs) are 500 pm
and 4.5 mm, respectively. The electrode width and pitch
are both designed to be 20 jwm, resulting in a SAW wave-
length of approximately 80 pm. A Pt film with dimensions
of 200 x 200 x 0.075 wm? is used to determine the tem-
perature changes; this is patterned by dc sputtering and is
located in between the magnetic thin film and IDTs within
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FIG. 1. (a) The SAW device (not to scale). A 2-mm-wide mag-
netic thin film is deposited by dc sputtering onto a lithium niobate
(LiNbO3) substrate. A pair of IDTs, which can be used to launch
SAWs with a wavelength of 80 pm, are fabricated at opposite
ends of the magnetic thin film. A Pt film is patterned in between
the magnetic thin film and the IDTs and within the SAW beam
path. (b) The electrical transport measurements using Pt film.
Current passes through ports 1 and 2, while voltage is measured
with use of ports 3 and 4 simultaneously. (c) Sructure of the
Ta(5.0 nm)/Pt(2.5 nm)/Co(0.9 nm)/Ta(5.0 nm) thin film. (d) S
parameters for the IDTs used to launch SAWs. The delay line
comprising both IDTs and the substrate shows a center frequency
of 48 MHz.

the SAW beam path. The distance from the thermome-
ter (within the SAW beam path) center to the thin film
edge is 250 wm. Figure 1(b) shows a schematic of the Pt
film. Four terminal electrical transport measurements are
performed with use of a combined Keithley 6221-2182A
current source [connected to ports 1 and 2 in Fig. 1(b)] and
a nanovoltmeter [connected to ports 3 and 4 in Fig. 1(b)].
Scattering parameters (S parameters) are determined by
a vector network analyzer (Agilent ES062A). Figure 1(d)
shows the reflection (S}, and S»,) and transmission (S; and
S12) characteristics of the SAW transducers and substrate
exhibiting a center frequency of 48 MHz. Standing SAWs
are generated by application of rf signals to both IDT1 and
IDT2 simultaneously [see Fig. 1(a)], whereas rf signals
applied to either IDT1 or IDT2 alone are used to launch
traveling SAWs, referred to as “TW1” and “TW2”, respec-
tively. Power loss along the circuit is carefully examined
and compensated to ensure the total power sent to the IDTs
is the same as that for sending SAWs and traveling SAWs.
A description of the rf circuit used to determine S param-
eters and launch SAWs is given in Supplemental Material
(Sec. 1) [36].

The temperature change (A7) at the Pt thermometer is
obtained by

AT = a(R — Rrr), (3)

014002-2



SEPARATION OF HEATING AND MAGNETOELASTIC...

PHYS. REV. APPLIED 20, 014002 (2023)

where o is the temperature change of the Pt per unit
resistance (K/mS2), R is the measured Pt resistance, and
Rgr is the Pt resistance at room temperature. The resis-
tance of Pt linearly increases with increasing temperature
(see Fig S. 2a in the Supplemental Material), and o is
0.888 + 0.004 K/mS2 as determined across a temperature
range from 250 to 280 K. Rrr is measured at the begin-
ning and the end of each measurement (see Fig S. 2b in the
Supplemental Material). Further details of the temperature
measurement are given in Supplemental Material (Sec. 1)
[36].

The DW velocity is determined by wide-field Kerr
microscopy. The magnetic thin film is firstly saturated with
a magnetic field of —300 Oe (coercivity of the thin film is
approximately 60 Oe). Domains are nucleated with a short
magnetic field pulse with opposite direction (50 Oe for
0.2 s). Another pulsed magnetic field is applied to move
the DW. The gradient of the linear fitting of the DW prop-
agating distances against different pulse widths is the DW
velocity. The full method used to determine DW velocity is
given in Supplemental Material (Sec. I1I) [36]. DW veloc-
ity is firstly measured from 19 °C (room temperature) to
49°C (AT = 30 K) without SAWSs. The sample is heated
by the hot side of a Peltier device placed underneath the
sample. DW velocity is also measured in the presence of
standing SAWSs and then traveling SAWs at a frequency of
48 MHz and a power of 21 dBm with no heating applied
from the Peltier device.

III. RESULTS AND DISCUSSION

Figures 2(a) and 2(b) show the temperature changes
(AT) of the thermometer within the SAW beam path
against source frequency with a total rf power of 21 dBm.
We focus on the temperature changes within the SAW
bandwidth [from 46 to 51 MHz, corresponding to the
center peak in Fig. 1(d)]. In the presence of standing
SAWs, four temperature peaks (approximately 47.38 MHz,
approximately 48.00 MHz, approximately 48.85 MHz, and
approximately 49.75 MHz) can be observed, with the
largest AT of 10.4£0.5 K at the center frequency of
48 MHz [SW in Fig. 2(a)]. The formation of the four
resonance peaks can be explained by the constructive
and destructive interference at certain frequencies causing
different mechanical reflections at the IDTs.

On application of traveling SAWs [TW1 and TW2 in
Fig. 2(a)], the temperature of the Pt increases as the cen-
ter frequency is approached, reaching a maximum near
the center frequency, with a few local minimum temper-
atures due to rf reflections from the IDT and sample edges.
This trend roughly follows the reflection and transmis-
sion coefficients, which are overlaid on AT in Fig. 2(a).
TW1 causes a slightly higher temperature increase at lower
frequencies than TW2. For example, at 47 MHz, the tem-
perature increases are 8.1 £0.2 K and 5.5+ 0.3 K for
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FIG. 2. (a) Temperature changes (A7) of the Pt within the
SAW beam path as a function of source frequency from 46 to
51 MHz with rf power of 21 dBm. (b) Enlargement of tempera-
ture changes of the device against SAW frequencies from 47.5 to
48.5 MHz. SW, TW1, and TW2 denote standing SAWs, traveling
SAWs launched from IDT1, and traveling SAWs launched from
IDT?2, respectively. The lines are a guide for the eye.

TWI1 and TW2, respectively. This is due to this ther-
mometer being closer to IDT1, implying dissipation of rf
power at the transducer or its bonded wire is contributing
to the observed change in temperature. The highest tem-
perature increases for TW1 and TW2 occur at 47.85 and
47.83 MHz, respectively, with values of 15.2 + 0.3 K and
13.5 &£ 0.3 K, as listed in Table 1.

TABLE I. Maximum temperature changes (ATy.x) of the
device and corresponding frequencies, and temperature changes
at the center frequency (A Tygmu) in the presence of SAWs.

Corresponding ATy3 Mz
SAW ATmax (K)  frequency (MHz) (K)
Standing SAW 104 +£0.5 48.00 104 +£0.5
TWI 152+03 47.85 129+0.1
TW2 135+0.3 47.83 10.3+£0.3
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FIG. 3. Normalized temperature changes (A7) versus time

(80—160 s) corresponding to the thermometer temperature
increases from room temperature to equilibrium temperature in
the presence of SAWs. The solid line in the main graph represents
experimental data fit with Fourier’s law. The inset plot shows the
normalized AT throughout the process: the temperature is con-
tinuously measured first without rf power (0—100 s), then with
rf power applied (100200 s), and finally 100 s after rf power is
removed.

At 48 MHz, the temperature increases are 12.9 +
0.1 K and 10.3£0.3 K for TWI and TW2, respec-
tively, as shown in Fig. 2(b). Temperature changes of
the thermometer within the SAW beam path in a wider
frequency range can be found in Fig S.4 in Supplemental
Material [36].

The source of heating in a SAW thin-film system could
be either rf-power dissipation or the acoustothermal effect
introduced by the SAW itself[25,28]. However, since IDTs
operate with the highest efficiency at their resonant fre-
quency (both rf-power dissipation and SAW amplitude
depend strongly on the radio frequency), it is not possible
to simply apply off-resonance rf signals to disentangle the
two mechanisms. To distinguish between the two possi-
ble mechanisms, we investigate the thermal behavior of the
thermometers. The temperature of the thermometer rapidly
rises after the rf power is applied, and reaches a steady state
after about 30 s, as shown in Fig. 3.

We propose a simple model of the observed heating as
follows: Let T; be the temperature of the source and T
be the temperature of the thermometer. On the basis of
Fourier’s law, the heat influx rate is estimated as

: kA
Gn(0) = —(T =T, Q)

where r is the distance from the source of heating, A4 is the
surface area of heat exchange, and £ is thermal conductiv-
ity of the material. We denote C; = k4/r to be the thermal
conductance of the material. To account for heat loss, we
assume that it occurs via conduction and convection, which

can be expressed as
QOut = CZ(T_ Tenv)s (5)

where Ty is the temperature of the surroundings and C,
is the corresponding thermal conductance. The equilibrium
temperature 7¢q can be expressed as

_ ClTs + CZTenv

Teq = 6
1 G+ G (©)
Before the equilibrium is achieved we use

é]t = é]in - QOuta (7)

where ¢, is the heat absorbed by the thermometer. If ¢ is
the heat capacity of the thermometer, then Eq. (7) can be
rewritten as

G +C
oGt
C

(=T+ Ty) - ®)

Solving Eq. (8) gives the temperature change over time:

C +cC
T = Tog — (Teq — To) exp (—%t) )

From the experimental data, we fit 7 versus 1 to I’ = Toq —
(Teq — Teny) exp(—y1). The experimentally obtained y is
expected to correspond to (C; + C3)/c. Substituting C; =
k(A/r), we obtain

y = (E> e (10)

C r C

We choose to study the y value because it represents
the “heating rate” and provides information about the
entire heating process, enabling us to better understand
its dynamics and variations at different locations. In con-
trast, temperature represents only the final result of the
heating process and does not provide information about its
dynamics.

Figure 4(a) shows a schematic layout of the SAW
device. Temperature measurements are conducted both
inside and outside the SAW beam path in the presence
of the traveling SAW launched from IDT1. The rf power
and frequency are set as 21 dBm and 48 MHz, respec-
tively. The thermometer PO in Fig. 4(a) is the same one
as in Fig. 1(a), which is situated within the SAW beam
path and is expected to experience the SAWs passing
through. P1, P1’, P2, P2’, P3, and P3’ are thermometers
that are situated outside the SAW beam path, where the
SAW amplitude is negligible [37]. P1 and P1’, P2 and P2,
and P3 and P3’ are equidistant from the SAW beam path,
and are 650 and 1250 wm above the IDTs and 650 pm
below the IDTs, respectively. This arrangement allows
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FIG. 4. (a) Layout of the SAW device showing seven ther-
mometer positions: PO, located within the SAW beam path, and
P1 (P1"), P2 (P2'), and P3 (P3’) located outside the SAW beam
path, at different distances from IDT1 (IDT2). Domain-wall
velocity is also measured outside the SAW beam path (labeled as
“outside SAW beam path”) to confirm the magnetoelastic cou-
pling effect on domain-wall motion. (b) 7 against 1/r in the
presence of a traveling SAW launched from IDT1, with a fre-
quency of 48 MHz and power of 21 dBm. r is defined as the
distance from the rf bond pad (red circle) to the center of the ther-
mometer. The solid line represents the linear fitting of y against
1/r. (c) The rf-power breakdown.

us to determine whether heating is from the SAW itself
(acoustothermal heating) or from rf-power dissipation. We
consider two possible sources of heating: acoustothermal
heating and rf-power dissipation. If the heating is due to
the acoustothermal effect, the highest y value would be
expected within the beam path, while if it is due to rf-
power dissipation, the highest ¢ value would occur at the
thermometer closest to the rf bond pad.

In Fig. 4(b), the heating rate  obtained at various loca-
tions in response to the traveling SAWs generated from
IDT1 are presented. It is observed that the heating rate
at PO is 0.130 £ 0.010 s~!, which is lower than the val-
ues measured at P1 (0.148 4 0.005 s~!) and P3 (0.160 +
0.007 s~1). This indicates that P1 and P3 are located closer
to the heating source than PO. Furthermore, under the same
conditions, the heating rates at P1’ (0.118 £ 0.008 s~!) and
P3’ (0.115 £ 0.008 s~ ') are lower than those measured at
P1 and P3, respectively, suggesting that the heating source
is situated close to IDT1, where the rf power is applied.
The origin of this heating is therefore likely to be power
dissipated at the IDT in the radio frequency to the SAW
transduction process. Notably, a good linear relationship
is observed for y versus the reciprocal of the distance
between the bond pad [where the rf power is applied, red
circle shown in Fig. 4(a)] and the center of the thermome-
ter. Besides, the heating rate ¢ is much higher at P1 and
P3 than at PO, where SAWSs are excited. On the basis of
these results, we conclude that the heating observed in

our SAW-magnetic thin film system is predominantly from
rf-power dissipation rather than from the acoustothermal
heating effect introduced by SAW itself.

Figure 4(c) presents a breakdown of the rf-power flow
in our device. When rf signals are applied to the IDTs,
a portion of the power is reflected back to the source,
while the rest is injected into the IDTs. The proportion of
the rf power converted accordingly is influenced by sev-
eral factors: (i) the reflection at the connection between
the SMA cable and bond pads, (ii) the reflection at the
bond pads to IDTs, and (iii) the reflection coefficient of
the IDTs (S1; or Sy;), which are all sensitive to the radio
frequency. Among these factors, the greatest reflection
appears from the reflection coefficient of the IDTs, given
that no impedance matching is used. The injected power is
calculated by subtraction of the reflected rf power from the
total rf power. A portion of the injected power is converted
into surface acoustic waves, which is dependent on the
electromechanical coefficient of the lithium niobate, while
the remaining injected power is dissipated in the form of
heating. Therefore, the S parameters and other reflections
influence both the rf heating and the SAW amplitude, with
a greater heating effect also corresponding to a higher SAW
amplitude.

We then examine the relationship between temperature
and DW velocity. Figure 5(a) shows the DW velocity
within the SAW beam path against the applied magnetic
filed. The DW velocity is firstly measured at room temper-
ature (approximately 19 °C). As the field increases from
47 to 65 Oe, the DW velocity increases from 3 £ 2 pm/s
to 33 £3 wm/s. As depicted in Fig. 5(b), a plot of Inwv
against /% shows the linear dependence as in Eq. (1).
This indicates that the DW motion is in the creep regime,
where thermal energy enables DWs to overcome the pin-
ning barriers. DW creep motion can therefore be enhanced
by increasing the temperature [Eq. (1)]. We study the tem-
perature dependence of the DW velocity by heating our
device by 10, 20, and 30 K using a Peltier device. As
shown in Fig. 5(a), DW motion is significantly enhanced as
temperature increases. For instance, under a field of 65 Oe,
DW velocity increases from 33 £ 3 pwm/s at room temper-
ature to 650 £ 30 wm/s when the temperature is increased
by 30 K. The DW motion remains in the creep regime as
In v shows a linear dependence on H~!/4 [see Fig. 5(b)].

DW velocity is measured in the presence of SAWs at
the same position within the SAW beam path. The fre-
quency and power of both standing and traveling SAWs
are set at 48 MHz and 21 dBm, respectively. DW motion
is found to be enhanced in the presence of both types of
SAWs [see Fig. 5(a)]. With the application of traveling
SAWs, DW velocity is 116 =3 pm/s at 65 Oe, repre-
senting an approximately 2.5-fold increase compared with
that measured at room temperature. However, even greater
enhancement of DW motion can be observed in the pres-
ence of standing SAWs, with a velocity of 418 &+ 8 pm/s,
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FIG. 5. (a) DW velocity as a function of the applied field (H).

(b) Natural logarithm of DW velocity (v) as a function of H~!/4.
DW velocity is measured at different temperatures from room
temperature up to A7 = 30 K without SAWs (circles) and in the
presence of standing SAWs and traveling SAWs at a center fre-
quency of 48 MHz and rf power of 21 dBm without additional
heating (triangles). The solid and dashed lines are linear fittings
of the DW-velocity experimental data at different temperatures
and in the presence of the SAWs, respectively.

which is an increase of approximately 11.7-fold from the
room-temperature measurement. DW motion is still thus
within the creep regime in the presence of both travel-
ing and standing SAWs over the measured field range [see
Fig. 5(b)]. The Kerr-microscope images of the DW profile
under different experimental conditions are presented in
Fig. 6.

The DWs are nucleated at the left-hand side [indicated
as “DW initial position” in Fig. 6(a)]. The DWs move
toward the right-hand side [indicated as “DW final posi-
tion” in Fig. 6(a)] driven by a magnetic field with or
without SAWs. The DW exhibits a mostly smooth profile
when subjected to a magnetic field of 65 Oe, as shown in
Fig. 6(a). Increasing the temperature by 10 K [Fig. 6(b)] or
introducing standing SAWs [Fig. 6(c)] and traveling SAWs
[Fig. 6(d)] does not cause any significant changes in the
DW profile.

The DW-motion enhancement we observe in the pres-
ence of SAWs is caused by a combination of both

(a) Room temperature, 3 s AT=10K,1s

DW initial position ~ DW final position

¥

DwW i)ropagation direction

SW,0.25s

FIG. 6. Domain-wall profile under different experimental con-
ditions imaged with a Kerr microscope. (a) Magnetic field
applied at room temperature for 3 s, (b) magnetic field applied
with a temperature increase of 10 K for 1 s, (c) standing SAWs
with magnetic field applied for 0.25 s, and (d) traveling SAWs
with magnetic field applied for 1 s. The magnetic field strength
used is 65 Oe, and the frequency and power of the SAWs are 48
MHz and 21 dBm, respectively. The arrow in (a) indicates the
direction of the domain-wall propagation.

the magnetoelastic coupling effect and the heating effect
induced by rf-power dissipation, as the thermometer expe-
riences a temperature increase of approximately 10 K at 48
MHz (as shown in Table I). As shown in Fig. 5(a), the DW-
velocity curve with a 10-K temperature increase is similar
to the traveling-SAW-assisted-DW-velocity curve. How-
ever, the DW-motion enhancement observed with standing
SAWs is much greater than that achieved by our increasing
the temperature by 10 K alone. Our results suggest that the
heating plays the major role in promoting DW motion in
the presence of traveling SAWSs, whereas, the magnetoe-
lastic coupling effect is the primary factor for significant
DW motion with the application of standing SAWs.

Our study underlines the fact that heating is not neg-
ligible in SAW thin-film systems, especially with higher-
power SAWs. DW-velocity measurements are performed
at a location 100 pm from the beam path [labeled as “out-
side SAW beam path” in Fig. 4(a)]. This location is chosen
because the heating effect is still present but to a lesser
degree and the SAW amplitude is negligible in that area
[25,37]. With an applied magnetic field of 65 Oe, the DW
velocity increases from 33 &£ 2 pwm/s at room temperature
to 75 &£ 3 wm/s and 78 + 4 wm/s on application of stand-
ing and traveling SAWs, respectively. This DW-velocity
increase outside the SAW beam path confirms the role of
heating in enhancing DW motion.

Strain can modify the magnetic anisotropy of thin films
through the magnetoelastic coupling effect [10,38—40].
The resulting changes in magnetic anisotropy create a
dynamic energy landscape that reduces the energy require-
ment for DW motion. Specifically, the dynamic strain
waves associated with the SAWs cause the magnetic
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SEPARATION OF HEATING AND MAGNETOELASTIC...

PHYS. REV. APPLIED 20, 014002 (2023)

anisotropy to periodically change, increasing the possibil-
ity of DW depinning from pinning sites and facilitating
faster DW motion.

IV. CONCLUSION

In conclusion, we explore the impact of both heating
and SAWs in a SAW-driven magnetic film system, measur-
ing the impact of both heating and SAWs on domain-wall
velocity. Heating of approximately 10 K is observed within
the SAW beam path when rf power is applied. DW velocity
is measured at various temperatures both with and with-
out SAWs. The DW velocity increases from 33 & 3 pm/s
to 650 £30 wm/s as the temperature rises from 19°C
to 49°C at 65 Oe. The DW-velocity increase caused by
traveling SAWs (116 £3 pwm/s) is slightly greater than
that resulting from a 10-K temperature increase (104 +
8 wm/s), suggesting that heating plays the major role in
promoting DW motion. On the other hand, DW motion is
significantly enhanced in the presence of standing SAWs
(418 £ 8 wm/s) due to the dominant effect of magnetoe-
lastic coupling. Our study underscores the importance of
considering heating in SAW devices, especially with high
rf power, and presents a straightforward way of measuring
heating in SAW devices.

The data that support the findings of this study
are available in the University of Leeds repository at
https://doi.org/10.5518/1336.
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