
PHYSICAL REVIEW APPLIED 17, 014027 (2022)

Combined Ferroelastic and Optical Control of Electronic Transport
in Mott-Oxide–Ferroelectric Heterostructures

Ming Zheng ,* Pengfei Guan, Xiang Ji, and Litong Guo
School of Materials Science and Physics, China University of Mining and Technology, Xuzhou 221116, China

 (Received 15 September 2021; revised 9 November 2021; accepted 3 January 2022; published 24 January 2022;
corrected 25 January 2023)

Diverse external stimuli, such as light irradiation, an electric field, and a stress field, are employed to
trigger the large modulation of electronic properties in Mott insulators. Here, we demonstrate that multiple
nonvolatile and reversible resistivity evolution can be realized by adjusting the magnitude of ferroelas-
tic strain in voltage-actuated LaVO3/0.7Pb(Mg1/3Nb2/3)O3-0.3PbTiO3 heterostructures. The electrically
driven ferroelastic strain tunability of resistivity, with a giant gauge factor of 494, can be effectively modi-
fied by light stimulus. Moreover, the visible-light-excited photoresistivity response can be ferroelastically
enhanced by up to 65%. This discovery illustrates the strong interplay between the ferroelastic-strain-
induced and light-induced effects, mediated by lattice-charge-orbital coupling. Our work implies the
potential application of correlated oxide-ferroelectric systems for future low-power high-density versatile
electronic storage devices with light-sensing capability.
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I. INTRODUCTION

Transition-metal oxides exhibiting strong electron cor-
relation have stimulated broad interest for decades due
to a wide range of fascinating phenomena, including
high-temperature superconductivity, ferroelectricity, mul-
tiferroics, photovoltaic effects, planar Hall effects, colos-
sal magnetoresistance effects, exchange bias, vertical
hysteretic shifts, and Mott transitions, and promising
applications in high-speed energy-efficient versatile elec-
tronic devices [1–8]. Among these correlated oxides, the
perovskite vanadate of LaVO3 (LVO) is a well-known
prototypical Mott-Hubbard insulator with an electron con-
figuration of 3d2 (t2g

2eg
0) that undergoes a magnetic phase

transformation from paramagnetic to the antiferromag-
netic (C-type spin ordering) state with concomitant G-type
orbital ordering around TN ≈ 140 K [8]. Greatest emphasis
has been placed on regulating the electronic and mag-
netic phases by exploiting diverse external parameters,
such as temperature, current, an electric field, a stress
field, and light irradiation, to pursue specific functional
properties. For example, Tomimoto et al. [9] reported
light-induced ultrafast melting of orbital ordering and a
large reflectivity change of 15% in LVO single crystals
using a Ti:sapphire regenerative amplifier system (photon
energy of 1.55 eV), which is caused by the disordering
of t2g orbitals over 60 V sites per excitation photon. Choi
and Sands [10] observed a ferroelectric field effect with
an electrically tunable on:off resistance ratio of up to 2.5
in LVO/(Ba, Sr)TiO3/(Pb, La)(Zr, Ti)O3/(La, Sr)CoO3
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structures epitaxially grown on SrTiO3 single-crystalline
substrates, revealing the emergence of a depletion region
(approximately 7 nm in depth). Razavi et al. [11] found
current-induced suppression of the peak resistance or the
change of multiple peaks to a plateau below 50 K for
almost unstrained LVO films. Moreover, He et al. [12]
identified metallic conductivity behavior for LVO films
compressively strained on SrTiO3 substrates; this is pri-
marily attributed to polarity discontinuity at the interface
but not lattice-induced electronic structure modification.
Using density-functional-theory calculations, Sclauzero
et al. [13] predicted that the compressive biaxial strain-
induced increase in the hopping amplitude promoted the
metallic state, while strain-induced crystal-field splitting
always favored the insulating state. These two effects com-
pete with each other and determine the final conductivity
character. Apart from epitaxial strain, the growth mode
[14], atomic displacements [15], oxygen content [16], and
vanadium deficiency [17] also prove to play pivotal roles
in the structural, electronic, and magnetic properties of
LVO films. The challenge in elucidating pure or intrin-
sic strain effects is how to exclude the influence of these
extrinsic ingredients on electronic and magnetic phases,
namely, how to enable in situ, real-time, dynamic, and
continuous control of lattice strain in thin films. The
most common method is to utilize highly piezoelectri-
cally active Pb(Mg1/3Nb2/3)O3-PbTiO3 (PMN-PT) single
crystals to impose electrically generated strain on the
overlying functional films to modify their microstructures
and related physical properties via interfacial elastic cou-
pling [18,19]. Originally, the externally tunable strain and
properties of the films can recover to the virgin states with

2331-7019/22/17(1)/014027(8) 014027-1 © 2022 American Physical Society

https://orcid.org/0000-0001-9388-1430
https://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevApplied.17.014027&domain=pdf&date_stamp=2023-01-25
http://dx.doi.org/10.1103/PhysRevApplied.17.014027


ZHENG, GUAN, JI, and GUO PHYS. REV. APPLIED 17, 014027 (2022)

the removal of the imposed electric field due to a lin-
ear piezo response of the PMN-PT substrate and is thus
volatile [18,19], which is unfavorable for real device appli-
cations. Later, nonvolatile control is accessible at room
temperature exclusively through non-180° ferroelastic
polarization switching. Motivated by pioneering studies,
a number of functional thin films, including luminescent
(Ba0.85Ca0.15)0.998Pr0.002Ti0.9Zr0.1O3 [20], charge-ordered
Nd0.5Sr0.5MnO3 [21], ferromagnetic Fe70Rh30 [22], anti-
ferromagnetic Mn50Pt50 [23], multiferroic Bi0.95Mn0.05FeO3
[24], insulating V2O3 and NdNiO3 [25,26], metallic
SrRuO3 and LaNiO3 [27,28], and inducting Metglas [29],
have been integrated onto the PMN-PT substrates and
display strain-mediated nonvolatile switching of optical,
magnetic, and electronic performances in a reversible way
using the ferroelastic domain engineering technique. So
far, the intrinsic effect of lattice strain on the nonvolatile
electronic properties of LVO films has not been experi-
mentally revealed. In spite of perpetual efforts dedicated to
the single-stimulus-triggered modulation of the properties
of LVO, multifield (e.g., optical and electrical) combined
control of the electronic phase and related electronic trans-
port have remained elusive, which would help explore the
straintronic and optoelectronic physics of perovskite vana-
dates and assemble multifunctional memories and sensors
with low power consumption and high speed.

Here, we epitaxially deposit Mott-insulating LVO thin
films onto piezoelectric PMN-PT single-crystalline sub-
strates and achieve reversible nonvolatile manipulation of
multiple strain and resistivity states by changing the pro-
portion of in-plane-polarization component relative to the
out-of-plane counterpart of the substrate. Combining light
stimulus with electrically assisted ferroelastic strain, we
verify the strong coupling of the photoresistivity effect
and electroresistivity response. This work indicates the
possibility of photoresponsive correlated oxides for future
high-density nonvolatile information-storage applications.

II. EXPERIMENTAL DETAILS

LVO thin films are grown on (111)-oriented one-side-
polished single-crystalline substrates of PMN-PT by a
pulsed-laser deposition system. The high-purity LaVO4
ceramic target is ablated using a KrF (248 nm) excimer
laser. The laser fluence and repetition rate are set at
1.5 J/cm2 and 3 Hz, respectively. Film deposition is done
at a constant substrate temperature of 720 °C with a base
pressure below 10−6 Torr. The film thickness (100 nm) is
monitored by the number of laser pulses. The silver films
(120 nm thick) are fabricated on top of the LVO films
and on the back of the PMN-PT substrates using ther-
mal evaporation to form the top and bottom electrodes,
respectively.

The crystallographic properties of the films are analyzed
by a four-circle x-ray diffractometer (XRD, SmartLab,

Rigaku Co., Japan) using Cu Kα1 radiation with a Ni fil-
ter. The electrical transport properties of the structures are
measured in the standard four-point configuration using a
Keithley 2400 source meter. A continuous semiconductor
laser diode with a wavelength of 532 nm and a fluence of
10 mW/cm2 is utilized as the illumination source to irra-
diate the films. The gate electric field is supplied via elec-
trical leads attached to the top and bottom Ag electrodes
using a Keithley 6487 voltage source for switching the
polarization vectors of the PMN-PT substrates. Figure 1(a)
schematically illustrates the electrical measurement circuit
of the LVO/PMN-PT structures under the coaction of the
gate electric field and light illumination. Due to the much
larger resistance (109 �) of the PMN-PT substrate than
that (104–105 �) of the LVO film, the LVO film actually
serves as the top electrode in the LVO/PMN-PT/Ag struc-
ture. Prior to any measurement, a large vertical bias field of
E = +8 kV/cm (higher than the saturation field) is homo-
geneously loaded on the PMN-PT substrate for a period of
time (30 min) and is then turned off, to introduce a single
out-of-plane domain configuration [denoted as the P⊥

r state
in Fig. 1(b)].

III. RESULTS AND DISCUSSION

Figure 1(d) depicts the XRD pattern of the LVO/PMN-
PT system. Only the PMN-PT (lll) and LVO (lll) Bragg
peaks are observed, implying that the LVO film is strongly
(111)-oriented and single phase. The XRD φ scans reveal
that the LVO film adopts the trifold symmetry of the PMN-
PT (101) plane with the same azimuthal angles, a clear sign
of heteroepitaxial growth of the LVO film on the PMN-
PT substrate with perovskite structure. The initial vertical
pseudocubic lattice spacing, d222 (approximately 1.128 Å),
calculated from fitting of the LVO (222) Bragg peak is
smaller than that of bulk LVO ( approximately 1.133 Å)
[30], suggesting that the LVO film is vertically com-
pressively strained (−0.44%) on PMN-PT. Based on the
Poisson relation, δε⊥ = −2ν/(1 − ν)δε‖ [31], and Poisson
ratio, ν = 0.4 [32], the lateral strain due to lattice misfit
is estimated to be +0.33%, namely, the lattice expands
in the (111) plane, which corresponds to the smaller lat-
tice parameters of bulk LVO (3.925 Å) compared with
those of PMN-PT (4.02 Å). The epitaxial heterointerface
with good lattice matching is conducive for effective elec-
tric field tuning of the transport properties in PMN-PT-
based systems that seek to adopt efficient interfacial elastic
coupling.

The resistivity of the LVO film highly relies on
the polarization domain configuration of the PMN-PT
substrate. Figure 1(e) shows resistive switching in the
LVO/PMN-PT structure under high- (bipolar) and low-
amplitude (unipolar) gate electric fields using the measure-
ment circuit in Fig. 1(a). Under high-amplitude bias-field

014027-2



COMBINED FERROELASTIC AND OPTICAL. . . PHYS. REV. APPLIED 17, 014027 (2022)

40 50 60 70 80 90

102

103

104

105

85.5 86.0 86.5 87.0

–9 –6 –3 0 3 6 9

0

2

Dr
/r

 (
%

)

4

6

L
V

O
(1

11
)

PM
N

-P
T

(1
11

)

L
V

O
(2

22
)

PM
N

-P
T

(2
22

)

(c)(b)(a)
In

te
ns

it
y 

(a
rb

.u
ni

ts
)

2q (deg)

2q (deg)

(d)

L
V

O
(2

22
)

P^
r

P ||

r

P
^

r

P ||

r

P^
r

O

R

E (kV/cm)

(e)

P

N

P||
r

P

P

E

E

I

V
20 MW

Light

1 mm 0.4 mm

1.4 mm
1 mm

3 m
m

FIG. 1. (a) Schematic of elec-
trical measurement geometry
for the LVO/PMN-PT structure
under an electric field and light
illumination. Channel length and
width of the prototype device
are 1.4 and 3 mm, respectively,
with silver electrodes of 0.4 mm
wide. (b),(c) Polarization domain
configurations of PMN-PT under
P⊥

r and P‖
r states, respec-

tively. (d) XRD pattern of the
LVO/PMN-PT structure. Inset
shows XRD patterns for the
LVO (222) Bragg peak under
P⊥

r and P‖
r states. (e) Resistive

switching of the LVO/PMN-
PT structure under the high-
(bipolar) and low-amplitude
(unipolar) gate electric fields
at room temperature. Insets
show in-plane and out-of-plane
domain configurations.

sweeping, a typical symmetric butterflylike �ρ/ρ ver-
sus E curve (blue line) appears. Here, �ρ/ρ is defined
as �ρ/ρ = [ρ(E) − ρ(P⊥

r )]/ρ(P⊥
r ). We recall that the

PMN-PT single crystals also show a well-defined but-
terflylike lateral strain versus electric field curve due
to 180° polarization switching [20,24], which demon-
strates that the lattice-strain effect is the primary driving
force for resistivity variation of the LVO film. How-
ever, upon sweeping a low-amplitude bias field between
E =±2.4 kV/cm (close to but smaller than the coercive
field, EC(PMN−PT), of PMN-PT), the hysteresislike �ρ/ρ

versus E loop (peak line) is observed with two distinct
resistivity states (O and R states) at zero bias, in analogy
with reports on the V2O3/PMN-PT, NdNiO3/PMN-PT,

and SrRuO3/PMN-PT systems [25–27]. This reversible
and nonvolatile resistive change in the LVO film is cru-
cially relevant to electrically generated ferroelastic strain
owing to non-180° polarization switching in the sub-
strates. In the PMN-PT single-crystalline substrate with
a rhombohedral structure, the eight equivalent sponta-
neous polarization vectors in the virgin or unpoled states
point in the body-diagonal directions with four equiv-
alent structural domains (P1, P2, P3, and P4). After
we impose a large vertical bias field of E = +8 kV/cm
(higher than EC(PMN−PT)) on the virgin PMN-PT sub-
strate, a single out-of-plane polarization domain, P+

1 , is
generated and aligned along the [111] direction (denoted
as the P⊥

r state), as shown in Fig. 1(b). By exerting a
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FIG. 2. (a) Unipolar resistive
switching of the LVO/PMN-PT
structure upon sweeping the gate
bias fields with different amplitudes
at room temperature. (b) Four non-
volatile and reversible resistivity
states of the LVO film induced
by imposing a stream of gate bias
pulses with a width of 100 ms on
the PMN-PT substrate.
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subsequent small negative-bias field of E =−2.4 kV/cm
on vertically poled PMN-PT and then removing it, the
polarization vectors may rotate from P+

1 to P−
2 , P+

3 , or P−
4

(109° ferroelastic switching) or from P+
1 to P+

2 , P−
3 , or P+

4
(71° ferroelastic switching), giving rise to a large in-plane-
polarization component with multidomain configuration
[denoted by P‖

r in Fig. 1(c)]. The occurrence of an in-
plane-polarization domain triggered by non-180° domain
switching is expected to generate lateral tensile strain in
PMN-PT and can be transferred to the overlying LVO
film [see inset of Fig. 1(e)], thereby increasing the film
resistivity from the O to N states and then to the R state
(�ρ/ρ = 5.26%). The electrically generated lateral ten-
sile strain is manifested by the shift of the LVO (222)
reflection peak to a higher Bragg angle in the inset of
Fig. 1(d), which can be calculated to be δε‖= +0.033%.
Thus, the room-temperature gauge factor that character-
izes the effectiveness of the strain tuning of resistivity, α

[α = (�ρ/ρ)/δε‖], is 159, which is superior to the values
for the LaMnO3/PMN-PT (51.1) [33], NdNiO3/PMN-
PT (40.8) [26], and SrRuO3/PMN-PT (3.9) [27] systems.
Finally, after imposing another small positive-bias field of
E =+2.4 kV/cm on laterally poled PMN-PT, the resistiv-
ity recovers to the original O state from the R state, since
PMN-PT is switched back to the P⊥

r state and releases
the previously generated lateral tensile strain. This result
conspicuously establishes that ferroelastic strain emerges
as an effective tool to realize nonvolatile resistive switch-
ing of epitaxial complex-oxide thin films by reversibly
rotating the polarization vector between the vertical (sin-
gle domain) and lateral (multidomain) directions in the
PMN-PT substrate through simply changing the polarity
of the gate bias near its coercive field. To enhance strain-
mediated resistive switching, we can reduce the film thick-
ness appropriately without lattice relaxation or use several
buffer layers, e.g., BaxSr1−xTiO3, for coherent epitaxial
growth of the LVO film with few defects at the interface,
which can reinforce interfacial mechanical coupling and
strain transfer from the substrate to the film.

The nonvolatile-resistivity state of the LVO/PMN-PT
structure can be continuously manipulated between the O
and R states by accurately adjusting the amplitude of the
gate bias vertically imposed on the PMN-PT substrate, as
shown in Fig. 2(a). Before each bias-cycling measurement,
a reset step is required to set PMN-PT as the single out-
of-plane-polarization domain state with the low-resistivity
state (O state) by imposing appropriate positive-bias fields.
Under the next application of negative-bias fields of
E =−2.4, −2.0, and −1.6 kV/cm, the LVO film switches
to different higher-resistivity states, i.e., R, B, and A states,
respectively, which is closely related to the relative frac-
tion of in-plane-polarization component and the resultant
diverse stable residual lateral-strain states after non-180°
domain switching [20,25,27]. Based on the nonvolatile

ferroelastic strain effect, we demonstrate the feasibility of
an electrically controlled low-power information-storage
cell. As shown in Fig. 2(b), four resistivity states (“0” to
“3” states) can be switched reversibly and are nonvolatile
by imposing a stream of gate bias pulses on PMN-PT,
which leads to the LVO/PMN-PT structure exhibiting an
excellent nonvolatile-memory function. The writing opera-
tion is easy, fast, and energy efficient by applying a voltage
pulse between the top and bottom electrodes. After apply-
ing a pulse of E =+2.4 kV/cm, the film resistance is
measured for 40 s; then, another pulse of E = −2.4 kV/cm
is applied to switch polarization from the out-of-plane
direction to the in-plane direction and the resistance is
measured for another 40 s. This process is repeated for
three cycles. When we reduce the amplitude of the elec-
tric field from 2.4 kV/cm to 2.0 and 1.6 kV/cm, only a
portion of out-of-plane ferroelectric domains are rotated
into the in-plane direction and the induced in-plane strain
decreases. The film resistance is then measured period-
ically by applying subsequent electric field pulses with
amplitudes of 2.0 and 1.6 kV/cm. In this case, nonvolatile
logic states are written in the form of remnant-strain states
by applying pulse bias fields with amplitudes of E = 2.4,
2.0, and 1.6 kV/cm and a width of 100 ms in a high-
speed and low-energy-consumption manner. Then, we can
read out the same information from the corresponding
remnant-resistance states (i.e., “0” state under E = +2.4,
+2.0, and +1.6 kV/cm and “1,” “2,” and “3” states under
E = −2.4, −2.0, and −1.6 kV/cm, respectively) in an easy
and nondestructive way, which surpasses the sophisticated
detection method of local magnetization in magnetic ran-
dom access memory and the destructive reading operation
of polarization in ferroelectric random access memory.

Figure 3(a) shows the photoresponses of the LVO films
by switching the 532-nm laser on and off with an interval
of 50 s at room temperature when the PMN-PT substrate
is under the vertically (P⊥

r ) and laterally (P‖
r ) polarized

states, respectively. The film resistivity is reduced moder-
ately for both poled states when visible light is irradiated
onto the LVO film, due to the generation of photocarriers
[9]. It is noted that resistivity relaxation after photoexci-
tation is mainly the delocalization relaxation process of
carriers, which may be related to the oxygen-dependent
defects in the LVO films. Some carriers can be excited
from the localized state due to oxygen-dependent defects
into the conduction band [30]. However, such an excited
electron state is unstable because some of the electrons
tend to gradually move back to the positively charged
oxygen-vacancy sites by Coulomb forces until an equilib-
rium is reached. Such an electron-delocalization process
could result in resistance relaxation. Similar resistivity
relaxation under light is also observed in other corre-
lated oxide films, such as manganites [34]. Perturbation of
the laser destroys the equilibrium of the physical degrees
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of freedom (such as charge and orbital) and induces the
change in resistance. When the laser is turned off, the sys-
tem returns to the original equilibrium state and relaxation
is the process of recovery in the balanced physical degrees
of freedom in correlated LVO films [34]. It is known that
the heat effect is difficult to distinguish from the optical-
electric effect under light illumination. In our experiments,
two factors can be considered to neglect the heat effect.
First, since the photon energy (2.33 eV) of the 532-nm
laser used in the experiment is larger than the band gap
of LVO (1.1 eV) [30], the light can be absorbed by the
LVO films, and thus, the optical-electric effect is dominant.
Second, the LVO/PMN-PT sample is attached to a copper
cryostat using silver paint. If light illumination creates a
little heat, the heat can also be dissipated into the holder,
and the sample remains at a fixed temperature due to the
closed-cycle cryostat. Therefore, the heating effect can be
precluded. Upon switching the polarization from the P⊥

r

state to the P‖
r state, the resistivity increases remarkably,

irrespective of the presence or absence of light illumina-
tion. The ferroelastic-domain-switching-generated lateral
tensile strain can reinforce crystal-field splitting between
the t2g orbitals and weaken the hopping amplitude through
adjusting the octahedral tilt distortion, which favors the
Mott-insulating state, and thus, raises the film resistivity
[13]. To further unveil the coeffects of light irradiation
and ferroelastic strain on electronic transport, we record
the resistivity of the LVO films as a function of unipo-
lar electric field in the dark and under illumination by a
continuous laser at room temperature in Fig. 3(b). One
can see that the resistive-switching hysteresis loops for
these two irradiation conditions exhibit similar patterns,
signaling that the ferroelastic-domain-switching dynam-
ics is independent of photoexcitation. Obviously, the film
resistivity under light illumination is visibly smaller than
that in the dark for any fixed gate bias. Specifically, the
O and R residual-resistivity states at zero bias in the
dark shift down and transform into the corresponding O’
and R’ states, respectively, under light illumination, in

conformity with the results in Fig. 3(a). Accordingly, four
distinct residual-resistivity states can be generated under
the combined application of light and gate-voltage pulses
in LVO/PMN-PT structures. This finding means that the
memory window of our prototype device can be manip-
ulated by light illumination, which can be exploited in
the design of high-density multifunctional storage devices
with an extra capability to act as a light sensor.

Figure 4 depicts temperature-dependent electronic trans-
port for the LVO film upon switching on and off laser
illumination under the P⊥

r and P‖
r states, respectively. For

the P⊥
r state in the dark, the film resistivity increases

monotonously during the cooling process, which is an
expected tendency due to the semiconducting behavior.
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Accompanied by polarization rotated from the P⊥
r state to

the P‖
r state, the electrically induced lateral tensile strain

(δε‖=+0.033%) leads to an enhancement in resistivity
throughout the entire temperature range. At high tempera-
tures (T > TN ), for both poled states, resistivity data can be
well fitted by the equation ρ = ρ0T exp(Ea/kBT), where
kB is the Boltzmann constant and Ea is the activation
energy [35]. This result provides evidence for a thermally
activated polaron-hopping (TAP) model as the conduction
mechanism for electronic transport at T > TN . Here, Ea can
be derived from linear fitting of the ln(ρ/T) versus 1000/T
curve [see inset (a) of Fig. 4]. Upon poling from the P⊥

r

state to the P‖
r state, the Ea value is found to increase from

0.108 to 0.112, implying enhanced localization of carriers
due to lateral lattice expansion. Meanwhile, both Ea values
are much smaller than the band gap (1.1 eV), which is usu-
ally ascribed to the excitation of carriers from the localized
state, due to oxygen-dependent defects, into the conduc-
tion band [30]. At low temperatures (T < TN ), electronic
transport can be described via a three-dimensional
variable-range-hopping (VRH) model with ρ = ρ0
[exp(T0/T)1/4] [36], as corroborated by the linear response
of ln ρ to T−1/4 [see inset (b) of Fig. 4]. This
conduction mechanism discloses the occurrence of strong
localized states near the Fermi level in the LVO films due
to charge-orbital ordering. Aside from electrically gen-
erated transport variation, the LVO film also shows a
noticeable drop in resistivity upon light illumination over
the whole temperature region, regardless of whether it is in
the P⊥

r state or the P‖
r state, which is caused by the gener-

ation and excitation of photocarriers and melting of orbital
ordering [9]. Our work demonstrates the effective manipu-
lation of lattice and charge degrees of freedom and related
electrical properties in complex-oxide heterostructures via
combined electrical and light stimuli.

Since electrically controlled ferroelastic strain and light
can both strongly alter electronic transport in LVO/PMN-
PT structures, it is inferred that the electroresistivity effect
(i.e., ferroelastic strain effect) and photoinduced effect may

couple with each other. Figure 5(a) shows the ferroe-
lastic strain tunability of resistivity (�ρ/ρ) versus tem-
perature in the dark and under light illumination. Here,
�ρ/ρ is defined as �ρ/ρ = [ρ(P‖

r ) − ρ(P⊥
r )]/ρ(P⊥

r ). In
the dark, �ρ/ρ rises upon cooling and attains a max-
imum value of 16.3% at T = 115 K, implying that the
charge-orbital ordered phase in the LVO film is rather
susceptible to the ferroelastic-domain-switching-generated
lateral tensile strain at low temperature. Notably, �ρ/ρ is
reduced hugely upon light illumination, especially in the
low-temperature region. For example, �ρ/ρ at T = 115 K
decreases from 16.3% in the dark to 12.9% under
light illumination, a reduction of 20.8%. Similar optical
control of the strain tunability of resistance is also observed
in other correlated oxide (e.g., SrRuO3)-PMN-PT systems
[37]. The application of light would engender more carriers
with enhanced hopping and melting of orbital ordering in
the LVO films, which disfavors the Mott-insulating state,
and thus, suppresses strain-induced tuning of the elec-
tronic transport properties in the LVO/PMN-PT structures.
To quantify the effect of ferroelastic strain on electronic
transport, the gauge factor, α, which characterizes the sen-
sitivity of the resistivity to ferroelastic strain, is plotted
as a function of temperature in the dark and under light
illumination in the inset of Fig. 5(a). Notably, ferroelastic
strain is almost independent of temperature, and thus, its
disparity can be neglected here. α increases upon cooling
with or without the application of light. Maximal α val-
ues of 494 and 393 are achieved at T = 115 K in the dark
and under light illumination, respectively, which indicates
that a change of lateral tensile strain by 0.033% leads to a
maximal relative variation of resistivity by 16.3% and
12.9% for the LVO films at T = 115 K. The optically
induced reduction of the gauge factor further reveals that
light suppresses the ferroelastic strain effect in LVO/PMN-
PT heterostructures. Besides the optically tunable elec-
troresistivity effect, the coupling of photoinduced and
strain-induced effects can also be manifested by a fer-
roelastically tunable photoresistivity response. Figure 5(b)

Dr
/r

 (
%

) (Dr/r)/de

–8

–6

–4

–2

0

100 200 300
0

25

50

75

100

100 150 200 250 300100 150 200 250 300

4

8

12

16

100 200 300

120

240

360

480

P^
r

P ||
r

(b)

D(
PR

) 
(%

)

T (K)

T (K)

Dark
 Light

T (K)

(a)

Dark
 Light

T (K)

||

a

b

FIG. 5. (a) Temperature dependence of fer-
roelastic strain tunability of resistivity (�ρ/ρ)

for the LVO/PMN-PT structure in the dark and
under light illumination. Inset shows gauge
factor α as a function of temperature in the
dark and under light illumination. (b) Temper-
ature dependence of photoresistivity [�(PR)]
for the LVO/PMN-PT structure for the P⊥

r and
P‖

r states, respectively. Inset shows the figure
of merit, β, as a function of temperature.
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shows the photoinduced relative-resistivity change [i.e.,
�(PR)] of the LVO film under the P⊥

r and P‖
r states,

respectively. Here, �(PR) is defined as �(PR) = (ρlight −
ρdark)/ρdark. For both of the poled states, the �(PR) is
enhanced in magnitude with decreasing temperature. After
switching the polarization from the P⊥

r state to the P‖
r

state, the magnitude of �(PR) increases dramatically, par-
ticularly below TN . For example, the |�(PR)| value at
T = 115 K is enlarged from 4.37% for the P⊥

r state to
7.21% for the P‖

r state, an enhancement of 65%. Such
a ferroelastically reinforced photoresistivity effect could
be ascribed to the lateral-tensile-strain-generated local-
ization of charge carriers, which increases the effective
number of electrons that can be excited to the conduction
band. The figure of merit that evaluates the effectiveness
of the ferroelastic strain tunability of photoresistivity, β

[β = |�(PR)‖-�(PR)⊥|/δε‖], rises gradually as the tem-
perature decreases and reaches an ultimate value of 86
at T = 115 K [see inset of Fig. 5(b)], signaling the sharp
response of the photoresistivity effect to ferroelastic strain
at low temperature. This result suggests that an evolu-
tion of lateral tensile strain by 0.033% causes the largest
variation in photoresistivity of 2.84% for the LVO film at
T = 115 K. These data together prove the mutual interac-
tion between the ferroelastically generated and optically
generated effects, which further confirm that the lattice
and charge degrees of freedom are strongly correlated with
each other in LVO/PMN-PT heterostructures.

IV. CONCLUSIONS

We report the electrically triggered nonvolatile con-
trol of electronic transport in LVO/PMN-PT structures.
Four well-distinguished resistivity states can be con-
verted in a reversible and nonvolatile way by accurately
adjusting the amplitude of the gate bias pulse vertically
imposed on the PMN-PT substrate, which is associated
with the relative fraction of in-plane-polarization com-
ponent and the resulting dissimilar residual lateral-strain
states after non-180° ferroelastic domain switching. In par-
ticular, we find that the ferroelastic strain tunability of
resistivity is optically controllable. Moreover, the pho-
toresistivity response can be reinforced by 65% through
electrically generated ferroelastic strain. These findings
demonstrate that the light-generated and ferroelastic-
strain-generated effects couple with each other, arising
from the intimate correlation between charge and lattice
degrees of freedom. Our work is instructive for achieving
ferroelastically and optically combined control of the phys-
ical properties of hybrid Mott-oxide–ferroelectric systems,
which enables practical implementations of energy-
efficient high-density nonvolatile multifunctional mem-
ory devices with an additional functionality (e.g., light
sensor).
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