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ABSTRACT

Two different Mott insulator wires, vanadium dioxide and vanadium sesquioxide, were prepared on the piezoelectric LINbO; substrates.
Coupling of acoustic waves propagating in LINbO; with free carriers in vanadium oxide gives rise to the acoustoelectric effect that manifests
itself as the generation of direct electric current by the acoustic wave. According to a phenomenological model, the value of the effect
strongly depends on the wires conductivity, which, for the vanadium-oxide films, changes by a few orders of magnitude. We demonstrated
that this yields a significant enhancement of the direct current (DC) current generated in the wires at the metal-insulator transition
temperatures. The sign of the generated DC voltage is different for excitations by surface and bulk acoustic wave modes, which may happen
due to reverse wave propagation at the substrate surface. For each resonance mode, polarities of the generated DC signal are the same in
both wires, despite the signs of charge carriers being different for these materials. It was shown that two complementary techniques
(acoustoelectric and Hall effect measurements) yield opposite signs of charge carriers in VO,.

Published under license by AIP Publishing. https://doi.org/10.1063/5.0015215

I. INTRODUCTION

Mutually coupled mechanical and electric excitations emerg-
ing in piezoelectric heterostructures give rise to unique interaction
mechanisms between the acoustic waves and charge carriers. First,
the interaction of charge carriers with the potential wells created by
the acoustic and electric excitations leads to acoustic waves attenua-
tion."”” The sign of the attenuation coefficient becomes negative if
the carriers’ drift velocity exceeds the sound velocity, which causes
amplification of an acoustic wave if sufficiently high electric current
flows through a piezoelectric crystal™ or a thin film on a piezoelec-
tric substrate.” Second, due to the attenuation, the acoustic wave is
constantly slowing down during its propagation. Hence, the flux of
momentum associated with the acoustic wave motion is transferred
to the internal degrees of freedom, including the motion of free
charge careers. This leads to induction of a direct current (DC)
along the propagation direction of the acoustic wave. The phenom-
enon is called acoustoelectric effect (AE) or AE drag effect, while
the induced DC current is usually referred as an AE current.
Similarly to the Hall effect, the sign of the AE current is defined by

the type of carriers. If the positive direction is chosen along the
acoustic wave vector, flow of the carrier creates a positive AE
current when the majority of the carriers are holes and a negative
current in the case of electron transport.

Vanadium dioxide (VO,) and sesquioxide (V,0;) films undergo
metal-insulator (MI) transition, which results in a significant modifica-
tion of their electronic and crystallographic structures.”™ This peculiar
tunability is actively exploited for developing vanadium-oxide-based
switchable devices,'”'" as well as thermally and mechanically reconfig-
urable electronic elements.'” We were motivated to study the AE effect
in these vanadium oxides for two main reasons. First, according to the
phenomenological theory, dissipation of an acoustic wave in the mate-
rials, and hence the induced AE current, strongly depend on the mate-
rial’s electric (mobility of carriers and conductivity) and mechanical
properties. It is expected that the substantial modification of the
parameters strongly influences the AE current at the MI temperature,
Ty Second, the fraction and spatial distribution of metallic and insu-
lating phases, coexisting at temperatures around Ty, may be signifi-
cantly tuned by applying an external pressure.'” Contraction and
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expansion produced by an acoustic wave may drastically modify the
mechanical and electronic properties of the vanadium oxides at the
microscopic scale.”® Under certain conditions, an acoustic wave may
produce a conductivity wave in the VO, and V,0; wires. Electron scat-
tering on the propagating areas with high and low conductivity may
significantly enhanced the AE current at the MI transition.

Il. EXPERIMENTAL DETAILS

70-nm thick VO, and V,0; films were grown by rf magnetron
sputtering from the V,0; target on 128° Y-X cut LiNbO; sub-
strates. The dimensions of the substrates are 28 x 21 x 0.5 mm?>.
V,0; films were sputtered at 650°C and rapidly quenched in
7.7-mTorr high-purity argon environment."* VO, films were sput-
tered at 520 °C and cooled down (50 °C/min) in a 4-mTorr gas
mixture containing high-purity argon (92%) and oxygen (8%).
2.5mm x 100 um VO, and V,0; wires were fabricated by reactive
ion etching in Ar/Cl,. In order to excite acoustic waves, an interdi-
gital transducer (IDT) was defined in the middle of the substrates
[Fig. 1(a)]. The IDT consists of 25 pairs of 80-um electrodes;
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FIG. 1. (a) Schematics of the samples [a vanadium-oxide wire, an interdigital
transducer (IDT), and an acoustic-wave absorber]. The size of the sample is
28 x 21 x 0.5 mm®. The schematics demonstrates the measured parameters: DC
current and voltage (Ipc, Vpc) on the wire and Vyy on the inductive coupler. The
magnified portion of the IDT shows the comb structure with 80-um electrodes.
(b) Temperature dependences of resistivity for the V,05 (left, black curve) and
VO, (right, red curve) wires grown on the 128° Y-X cut LiINbO3 substrates.
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the distance between the electrodes is 80 um. The acoustic aperture
of the IDT is 9.5 mm; excited acoustic waves travel along the crys-
tallographic x-direction of LiNbO;. While making the IDT, a series
of contact patches were formed at the end on vanadium-oxide
wires for wire-bonding [Fig. 1(a)]. The composition of IDT and
contact patches is Ta(5 nm)/Pt (50 nm).

All the presented data were obtained using the devices with a
single IDT in the middle of the substrates. For typically used devices
with two IDTs, multiple reflection from a receiver may appear, result-
ing in strong standing waves; the produced distortion may reduce the
AE effect and make analysis of the data more complicated. However,
certain measurements were repeated later for a sample with two
IDTs, and the observed phenomena are almost identical to those
obtained for the singe IDT devices. To suppress the acoustic waves
reflected from the edge of the samples, a rubber-cement absorber was
placed on the substrates’ surfaces close to their edges [Fig. 1(a)].

Excitation of the IDTs was produced using a Tektronix
AFG3252C generator, while a response of the IDTs on certain fre-
quency is acquired by connecting a Tektronix TDS3014 oscillo-
scope into the generation circuit through an inductive coupler
[Fig. 1(a)]. Open and short circuitries were used to study the DC
response of the wires. In the case of the short-circuit measure-
ments, the wires were connected directly to a 6517B Keithley elec-
trometer and the DC short-circuit current was measured, while for
the open-circuit measurements, the wires were connected to 2182A
Keithley nanovoltmeter and the DC voltage was measured.
Resistance measurements were conducted using a 6620 Keithley
current source and the nanovoltmeter. Time dependences of the
AE voltage were obtained using the oscilloscope in combination
with a SR650 preamplifier. The dependence of the AE voltage on
excitation power was acquired by modulating the amplitude of the
IDT excitation and measuring modulated AE voltage using the
SR650 preamplifier and a SR830 lock-in amplifier. The Hall effect
measurements were conducted using 2mm x 100um VO, and
V,0; Hall bars [inset in Fig. 3(a)] with Ti/Au contact patches. The
time dependences of resistance (Fig. S1 in the supplementary
material) were obtained using an electronic bridge operated with
low-power amplitude modulated voltage. This sensitive lock-in techni-
que enables detecting a small change in resistance with very high accu-
racy while minimizing undesirable heating of the wire by the
measuring current. The samples were installed in a liquid nitrogen
gas-flow cryostat where temperature was varied in the 80-380 K range.
COMSOL Multiphysics was used for the finite-element simulations.

lll. EXPERIMENTAL RESULTS

The temperature dependences of resistivity for the V,0; (left,
black curve) and VO, (right, red curve) wires grown on the 128°
Y-X cut LiNbO; substrates are shown in Fig. 1. V,0; and VO,
demonstrate the MI transitions at around 141 and 341K, respec-
tively. V,0; exhibits metallic behavior above Ty its resistivity
decreases with decreasing temperature. At the MI transition, the
resistivity increases by about 5 orders of magnitude, which is fol-
lowed by a semiconducting rise at lower temperatures. Resistivity of
the VO, wire increases with decreasing temperature above and
below transition. At Ty, resistivity of the VO, wire sharply
changes by 2.5 orders of magnitude.
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To study the AE effect in the V,0; and VO, wires, frequency
of an AC signal applied to the IDT was swept between 1 and
50 MHz while measuring three parameters: amplitude of an AC
current on the inductive coupler (V,y), DC current (Ipc), and DC
voltage (Vpc) in the wires. Figure 2 shows spectra obtained for the
V,05 wire (black line) and VO, wire (red line) devices at around
Ty (141K and 341 K), respectively. The spectra were obtained
with a fixed amplitude of the RF signal applied to the IDT;
peak-to-peak voltage is 5V, which corresponds to 18 dBm of the
RF power. The spectra at different temperatures look qualitatively
similar, and only the absolute magnitudes of the peaks change. The
relative amplitude and the shape of the curves remain about
the same. At certain frequencies, the AC field applied to IDT
causes resonance excitation of acoustic waves. The change in the
IDT-circuit impedance results in pronounced peaks of Vuu
[Fig. 2(a)]. Thus, the frequency dependence of Vi, conveys the
spectral characteristic of an acoustic wave excited in LiNbO;. The
resonance at 1225MHz corresponds to a fundamental
surface-acoustic-wave (SAW) mode. Estimation of the SAW reso-
nance frequency, fsaw, with expression v/A, where v = 3978 m/s is
sound velocity in 128° Y-X cut LiNbO;'"* and 1 is a wavelength
which is equal to 320um (double distance between the centers
of two consecutive electrodes of the IDT), providing
fsaw =12.43 MHz. The simulations show that the peaks observed at
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FIG. 2. (a) Voltage induced on the inductive coupler of the IDT circuit (Vaw), (b)
DC current (Ipc), and (c) DC voltage (Vpc) induced in the vanadium-oxide wires
as functions of excitation frequency. Black curves show spectra for the V,05
wire at 141K (right scale bar). Red curves show spectra for the VO, wire at
341K (right scale bar). The insets in (a) depict the mechanical displacement
along the wires for surface and bulk acoustic waves (12.25 and 30.2 MHz,
respectively).
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higher frequencies correspond to bulk acoustic wave (BAW) reso-
nances.'® Insets in Fig. 2(a) depict the amplitude of the mechanical
displacement inside the substrate caused by the 12.25-MHz SAW
(the left inset) and the 30.2-MHz BAW (the right inset). The posi-
tions of the corresponding resonance peaks for the V,03 and VO,
samples are slightly different even though they have the same
design of the IDT and the films were grown on the identical sub-
strates [Fig. 2(a)]. This shift may occur because high temperature
exposure affects the LiNbO; structure. Since the growth of the
V,0; and VO, films was conducted at different temperatures, the
properties of the corresponding substrates get slightly different.

The DC current and voltage induced in the wires at different
frequencies is shown in Figs. 2(b) and 2(c), respectively. A number
of observations indicate that the DC current directly relates to the
acoustic waves excited in the substrates. First, the spectra have a
number of peaks, and their positions coincide with the resonant
frequencies of the devices. Second, there is a series of smaller sub-
sidiary peaks around the fundamental SAW frequency. These peaks
are spaced from each other by 0.49 MHz [Fig. 2(b)], which is equal
to foaw/N, where N is a number of electrode pairs in the IDTs
(N=25).

Polarity of the DC field induced by the acoustic waves is dif-
ferent for different types of excitation. Inc and Vpc are negative for
frequencies around the SAW resonance, while it is positive for the
BAW resonance modes. In addition, the amplitude of Ipc and Vpe
at fsaw is considerably larger than that for all BAW peaks. For each
excitation mode, the polarity of the DC signal induced in the V,0;
and VO, wires is the same. At the same time, the transport mea-
surements show that VO, and V,0; have negative and positive
Hall coefficients, respectively. Figure 3(a) shows the Hall effect data
in the VO, (red curve) and V,0; (blue curve) Hall bars. The sign
of the charge carrier remains the same across the transition for
both materials. Thus, the Hall resistance of VO, is negative above
and below the transition. The resistivity of V,05 in the insulating
phase is very high for a reliable Hall effect measurement. However,
the Hall resistivity of V,03; measured within the transition has the
same sign (positive) as above the transition.

To investigate the change of the DC field polarity at fs4y and
fraw» the dependence of the DC voltage peaks on the strength of
acoustic waves were studied. Figure 3(b) shows the DC voltage
induced in the V,0; wire at 300 K as a function of the exciting RF
power at frequencies of 30.4 MHz (black dots) and 12.25 MHz
(circles). A lock-in detector was used to measure induced voltage
with high precision, even for low-power excitation. For this, the
amplitude of the RF single applied to the IDT was modulated at
215 Hz, while modulated DC voltage on the wire was preamplified
and its amplitude was measured with lock-in detector. Figure 3(b)
shows that the amplitudes of DC voltage induced by 30.4-MHz and
12.25-MHz excitation depend linearly on the acoustic wave inten-
sity. For each peak, the DC field does not change sign in the entire
studied power range.

The temperature dependences of the DC voltage, Vpe, and
current, Ipc, induced by the 12.25-MHz-SAW and the
30.2-MHz-BAW excitations (18 dBm) were measured for the V,03
wire [Figs. 4(a) and 4(b)] and VO, wire [Figs. 4(c) and 4(d)]. The
DC fields induced by the BAW (data at the upper half-plane of
each plot) and SAW (data at the bottom half-plane of each plot)
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FIG. 3. (a) Magnetic field dependence of the Hall voltage at 300 K in the V,05
(100 nm) (blue line) and VO, (100 nm) (red dots) Hall bars (inset) on the 128°
Y-X cut LiINbO3 substrates. (b) DC voltage, V¢, induced in the V,03 wire as a
function of IDT excitation power with 30.4-MHz (black dots) and 12.25-MHz
(circles) excitations measured at 300 K. Vpc is in logarithmic scale. Vp¢ induced
by the 18-dBm excitation at 12.25 MHz and 30.4 MHz are —100 #V and 54 uV,
respectively. The black curves are guides to the eye.

excitations remain positive and negative, respectively, in the entire
studied temperature range. Similarly to the temperature depen-
dences of resistance [Fig. 1(b)], the temperature dependences of the
induced DC field (Fig. 4) exhibit hysteretic behavior around the MI
transition. The absolute values of V¢ and Ipc change significantly
at the MI transition. For the V,0; wire, Vpc and Ipc induced by the
SAW and the BAW have pronounced extremes at the transition,
while these parameters experience step-like change for the VO, wire.

The AC current induced in the vanadium-oxide wires by an
acoustic wave produces Joule heating. Since the acoustic wave gets
attenuated, the heating and, hence, the temperature are not homo-
geneous over the length of the wires. Additionally, significant
increase in the wire temperature may occur due to heat transfer
from the IDT. Since the wire is located perpendicular to the IDT
aperture, the opposite ends of the wire may be heated differently,
and the gradient of temperature may lead to generation of a ther-
moelectric current. In order to empirically estimate the DC field

ARTICLE scitation.org/journalljap

generated due to the inhomogeneous heating by acoustic waves, we
prepared another V,0; device similarly to the one shown in
Fig. 1(b), but with a microheater located closed to the end of the
wire nearest to the IDT (inset in Fig. 5). The microheater has a Ta
(5 nm)/Pt(50 nm) structure, its width is 40 um, the length of the
bar parallel to the wire is 300 um, and the full length is 1.1 mm.
The purpose of this microheater is to create the same change in the
wire’s temperature as that during the IDT excitation, then to
measure the Seebeck current produced due to this heating, and
compare this value with the DC current induced by the acoustic
waves.

18-dBm excitation by the SAW (12.25MHz) and BAW
(30.4 MHz) result in a rise of the V,03 wire resistance by 0.1% at
300K [Fig. S1(a) and (b) in the supplementary material]; the rise
time of resistance is about 15s. Based on the temperature depen-
dence of resistance for the wire, 0.1% increase in resistance at 300 K
corresponds to about 100-mK rise of temperature. The same
change in resistance is produced by passing an 11-mA current
through the microheater [Fig. S1(c) in the supplementary material].
Figure 5 shows the initial stages of DC voltage induction in the
V,0; wire due to the different stimuli: 18-dBm excitations of the
IDT at 1225 and 30.4 MHz, and passing the 11-mA current
through the microheater with the IDT being off. These data were
obtained by preamplifying the measured signal and recording it
with the oscilloscope. The Seebeck voltage caused by microheater
heating of the wire is negative and has the same order of magnitude
as the voltage produced by the acoustic waves at 300 K. It must be
emphasized that, even though the change in average temperature
across the wire is intentionally set to be the same for the acoustic-
wave and microheater excitations, the distribution of temperature
across the wire may be very different for these stimuli. The mea-
surements show that the averaged 100-mK increase in the wire’s
temperature may be associated with temperature gradient enough
to induce the negative DC voltage comparable with that observed
with the acoustic wave excitation. According to Fig. 5, the DC
voltage induced by the acoustic waves settles very fast: the mea-
sured rise time is below 40 us. At the same time, the thermoelectric
voltage induced by the microheater demonstrates a very different
trend. Similarly to the time dependence of resistance (Fig. S1 in the
supplementary material), the voltage rises relatively slow (about
0.5 s) after the power is applied to the microheater.

IV. DISCUSSION

The resonant excitation of acoustic waves results in the gener-
ation of the DC field in the V,05; and VO, wires. In the entire
studied temperature and excitation-power ranges, the polarities of
the DC field are different for the SAW and BAW excitations.
According to the Hall effect measurement, the majority of carriers
in V,0; are holes. Since the ground wire is connected to the ends
of the wires that are more distant from the IDT, the SAW propagat-
ing away from the IDT causes the holes to flow toward the ground
wire. Thus, the negative DC field generated in the V,0; wire at
fsaw is a direct manifestation of the acoustoelectric effect. However,
it is not completely clear in this description, why the BAWs induce
the positive DC field in the wire. We assume that this may happen
because of a complex distribution of the acoustic excitation in
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FIG. 4. Temperature dependences of DC current and voltage for the V,05 [(a) and (b)] and VO, [(c) and (d)] wires induced by the 12.25-MHz-SAW (bottom half-plane)
and the 30.2-MHz-BAW (the upper half-plane) excitations. Dotted lines show the experimental data, and thin lines are the fit to the phenomenological temperature depen-
dences of AE current and voltage. Blue and red curves correspond to the cooling and heating branches, respectively.

LiNbO; at the BAW modes. Assumedly, a group velocity of
mechanical excitation at the substrate’s surface and that in the bulk
of the substrate may be opposite at fzay- This backflow of acoustic
wave at the surface may result in the switch of acoustoelectric field
polarity at the BAW modes.

VO, film grown on LiNbO; has a negative Hall resistance,
which is consistent with previously reported data for VO, films.'”'®
This implies that the majority of carriers are electrons. In the case of
the AE effect, an acoustic wave propagating away from the IDTs
should cause the flow of the electrons toward the ground wire.
Hence, the DC field induced by the SAW should have been positive
for VO,, while the measured spectra have the negative peaks at fsaw
[Figs. 2(b) and 2(c)]. This discrepancy between the AE and Hall
effect measurements of the VO, wire cannot be understood in the
framework of the effects phenomenology. It is possible that either
certain aspects of the experimental methods are inadequate for the
particular material, or the phenomenon is related to a microscopic
structure of VO,. For instance, the observed behavior may be
explained if it is assumed that conductivity is not homogeneous over
the VO, film, and the majority of carriers are opposite for high and

low conductivity areas. The Hall effect measurements are selectively
sensitive to the high conductivity areas which have the electron trans-
port. As it is clear from the phenomenological theory of the AE effect
(covered below), the acoustoelectric effect is much more pronounced
in the low conductivity areas where, by the assumption, the charge
carriers are holes. Thus, for this particular inhomogeneity in the film,
these two complimentary techniques may yield the opposite majori-
ties of the charge carriers. We do not have any experimental results
which would prove validity of the proposed model or explain why it
is only applicable to VO, but not to V,03. The study of microscopic
charge transport in VO, may shed light on the observed phenomena.
According to the phenomenological theory of the AE drag
effect,'””” the voltage across the wire of length, 1, is defined as

T
Vag = —u—1, (1)
ov

where x4 is mobility of charge carriers, I and v are intensity and
velocity of the acoustic wave, and I is attenuation of an acoustic
wave caused by a metallic layer with conductivity ¢.”' For a device
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FIG. 5. Time dependence of DC voltage, Vpc, induced in the V,05 wire due to
different stimuli: 12.25-MHz SAW, 30.4-MHz BAW (18 dBm), and passing 11-mA
current through the microheater. The measurements were conducted at 300
K. The inset shows the schematics of the device with the microheater. The rise
time of Vpc induced by the acoustic waves is below 40 us.

composed of a non-conductive piezoelectric substrate and a con-
ductive thin film,”' ™ I is given by the expression

o f olo”
=K~ [71 " (6/0*)2], (2)

where K is the electromechanical coupling coefficient (K*=0.056
for LiNbO3), f is acoustic wave frequency. The parameter o* is the
characteristic conductivity, which can be estimated as

*:—USO( Exbazz T 1) for SAW 3)
— :
« 2 xxEz. 1
o= ”ﬁe"(v‘z £z 1 1) for BAW, )

where €., and &,, are dielectric constants of LiNbOj; (g, = 85,
£,,= 29),2’1 £9=28.85x 1072 F/m is the permeability of free space, d
and t are thicknesses of the conducting layer and the substrate,
respectively. The density of the AE current in a short circuit, jsg, is
defined as

. VAEO' T
JAE = ] =—H

—. )
v

According to Egs. (1)-(5), Ipc non-monotonically depends on
the ratio of ¢ to o*. The temperature dependences of ¢ are different
for VO, and V,0; films (Fig. 1): for V,0;, the conductivity of the
metallic and insulating phases is much higher and lower, respec-
tively, than those for VO,. This may explain the difference in shape
of the Ipc—T and Vpc-T curves for both materials (Fig. 4). In order
to estimate o* and compare it with the value predicted by Egs. (3)
and (4), the experimental temperature dependences of Ipc and Vpe

ARTICLE scitation.org/journalljap

induced by the SAW and BAW in the V,0; and VO, wires
(Fig. 4) were fitted to the dependences expected from the
phenomenological model of the AE effect, ie., Ipc(T) ~
(@(T)/6" )1 + (o(T)/5")’] and Vpe(T) ~ (1 )1+ (a(T)/c")’]
with o* as a temperature-independent fitting parameter. The
fit, providing the best description of the experimental curves
around T,y and at higher temperatures, is obtained with
0*=10000Q ' m™" [thin lines in Fig. 4]. This value is much
higher than the characteristic conductivity expected from the phe-
nomenological theory. Thus, according to Egs. (3) and (4), 6* must
be 30 and 112Q"'m™" for the 12.25-MHz SAW and 30.2-MHz
BAW excitations, respectively. An enhanced characteristic conduc-
tivity was also reported in another work on V,0;/LiNbO;
hybrids.” In that work, the attenuation of SAW by the V,05 delay
line was studied and it was observed that the characteristic conduc-
tivity was one order of magnitude higher that that predicted from
the AE theory. The authors of that article explained this discrep-
ancy by an assumption that, due to the percolation, the DC con-
ductivity substituted in Eq. (2) may be significantly different from
the microscopic conductivity defining the AE coupling.
Additionally, it can be assumed that the conductivity of vanadium
oxides may be frequency-dependent, and substitution of the DC
conductivity into Eq. (2) may be an unjustified simplification. The
inhomogeneous percolation in the V,0; wire at low temperatures
may also be responsible for the observed suppression of Vpc below
T [Fig. 4(b)], where the fit predicts a plateau.

The resonant excitation of acoustic waves can cause the rise of
the V,0; wire temperature by 100 mK at 300 K. The microheater
measurements show that, in principle, this heating may result in a
thermoelectric voltage comparable to the AE voltage at 300 K.
However, the resistance measurements demonstrate the rise time of
temperature while SAW, BAW, and microheater excitation is of the
order of a few seconds (Fig. S1 in the supplementary material). At
the same time, the DC field induced at fsay and fpaw settles as fast
as 40 us. It means that there is no correlation between the DC field
induced at fsaw and fgaw and heating. Additionally, it indicates
that the gradient of temperature caused by the acoustic waves is
substantially smaller than the gradient produced through direct
heat transfer from the microheater. Thus, the thermoelectric field
caused by inhomogeneous heating of the wire by the acoustic waves
is insignificant in comparison to the AE effect.

One of the motivations for this work was that, at Ty of the
vanadium oxides, a strain induced by the acoustic wave may affect
the spatial distribution of the structural phases. This would, in
turn, cause time-dependent modulation of resistivity along the
wires. Scattering of electrons on the moving high-resistivity areas
may result in dragging the electrons along the propagation direc-
tion of the acoustic wave. This phenomenon would manifest in the
enhancement of generated DC current at T,y Although the
increase in the DC field in the vicinity of the MI transition was
observed for the V,03 sample, it is not clear if it can be attributed
to the modulation of resistivity. The phenomenological model
omitting the strain-induced modification of vanadium-oxide lattice
can qualitatively describe the temperature dependence of the DC
field at T,;. The simulations show that stress induced in the wire
by the 18-dBm SAW and BAW is about 1 MPa. The estimated
strain caused by the 1-MPa stress in V,0; is about 3 x 107°%.%
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It is possible that to achieve resistivity-wave charge transfer at Ty,
this stress must be significantly enhanced.'>*"**

V. CONCLUSSION

An acoustic wave induces the DC electric field in the VO, and
V,0; wires grown on the piezoelectric LINbO; substrates. For a
chosen design of the devices, the polarities of the DC field are
opposite for the SAW and BAW excitations. The switch may be
caused by the reverse wave propagation at the substrate surface for
the BAW excitation. The polarity of the AE field induced by the
SAW in the V,0; wire points out that the holes are dominant
charge carriers, and this result is consistent with the Hall effect
measurements. Meanwhile, the AE and Hall effect measurements
of the VO, wire yield that the majority of carriers are holes and
electrons, respectively. This discrepancy is not clear. We assume
that this may happen because the hole and electron transports
dominate in different microscopic areas of the VO, wire, and the
conductivity of these areas is distinctively different. When VO, and
V,0; undergo the MI transition, the AE voltage significantly
changes. It was shown that this change is caused by a sharp
decrease in the films conductivity at the MI transition.

SUPPLEMENTARY MATERIAL

See the supplementary material for Fig. S1 showing the
change in the V,0; wire resistance due to different stimuli.
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