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The insulator-to-metal transition in Mott insulators is the key mechanism for a novel class of electronic
devices, belonging to the Mottronics family. Intense research efforts are currently devoted to the development
of specific control protocols, usually based on the application of voltage, strain, pressure and light excitation.
The ultimate goal is to achieve the complete control of the electronic phase transformation, with dramatic impact
on the performance, for example, of resistive switching devices. Here, we investigate the simultaneous effect of
external voltage and excitation by ultrashort light pulses on a single Mottronic device based on a V2O3 epitaxial
thin film. The experimental results, supported by finite-element simulations of the thermal problem, demonstrate
that the combination of light excitation and external electrical bias drives a volatile resistivity drop which goes
beyond the combined effect of laser and Joule heating. Our results impact on the development of protocols for
the non-thermal control of the resistive switching transition in correlated materials.

I. INTRODUCTION

Mott insulators are a class of quantum materials exhibiting
the most promising properties and functionalities for the next
generation of solid-state devices belonging to the Mottronics
family[1–4]. Correlated vanadium-oxides have been inten-
sively studied due to the possibility of selectively controlling
the resistive switching process at the core of resitive memories
and neuromorphic computing[5–8]. The conventional route to
control the resistive switching dynamics is based on the tuning
of chemical doping[9–11], temperature [12, 13], pressure[14–
17], strain[18–20] and on the application of external electric
fields[21–25]. More recently, the sudden excitation via ultra-
short laser pulses[12, 26–33] has been introduced as a novel
control parameter, although the nature of the photoinduced
insulator-to-metal transition is still subject of intense debate.
Much effort has been so far dedicated to the study of the tran-
sient optical, electronic and lattice properties[12, 26–33] and
on the role of intrinsic nanoscale inhomogeneities[12, 13, 34]
with the goal of understanding to what extent the photoin-
duced transition is similar to the thermally driven one. In
contrast, little is known about the actual resistive state that is
induced by light excitation possibly combined with external
voltage. Recent theoretical works have suggested that, in the
vicinity of the insulator-metal coexisting region, the applica-
tion of voltage[23] and the excitation with light pulses capable
of manipulating the band occupation[12, 35], can lead to the
weakening of the insulating state and, eventually, to the com-
plete collapse of the Mott insulating phase and the consequent
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resistive switching along a non-thermal pathway.

Here we developed a Mottronic device, based on a micro-
bridged V2O3 epitaxial thin film, in which the resistance state
consequent to a controlled excitation by trains of ultrashort
light pulses can be measured. V2O3 is a prototypical Mott
insulator that exhibits a first-order Insulator-to-Metal transi-
tion (IMT) occurring at TIMT ∼ 170 K and characterized by a
resistivity change of several orders of magnitude[14, 15, 17].
When a voltage larger than a temperature-dependent threshold
∆Vth is applied in the insulating state (T < TIMT ), the device
undergoes a resistive switching process, i.e. the resistance
suddenly drops to the metallic value. However, the switch-
ing process in V2O3 devices is associated to the formation of
micrometric conductive filaments[25], which usually makes
the evaluation of the local heating and the investigation of the
thermal nature of the dynamics rather difficult. In order to
avoid this additional complexity, we investigate the light in-
duced volatile resistance drop for different applied voltages,
always smaller than ∆Vth. This below-threshold resistance
drop thus provides information about the weakening of the
insulating phase, triggered by the combined voltage-light ex-
citation, while avoiding the formation of the conductive chan-
nels associated to the resistive switching process. Starting
from the resistance vs temperature calibration curve of the de-
vice, we are able to compare the photoinduced resistivity drop
to the local heating effect, which is carefully estimated by
finite-element simulations. Our main results can be summa-
rized as follows. The application of a sufficiently long train of
light pulses alone drives a volatile resistance drop that is com-
patible with that predicted by finite-element simulations of the
thermal problem. The minimum number of pulses necessary
to observe a significant effect suggests that the light-induced
local heating is mediated by the electronic specific heat, which
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becomes extremely large as TIMT is approached. Furthermore,
when a significant below-threshold electrical bias (∆V =0.5 V)
is applied, the light-induced volatile drop of the resistance is
twice than what is expected by considering both the laser-
induced and Joule heating. This result leads to the conclu-
sion that the combined voltage-light excitation protocol makes
the system more fragile towards the collapse of the insulating
electronic phase.

II. METHODS

A. Mottronic device

An epitaxial V2O3 film with thickness d=67 nm is de-
posited by oxygen-assisted molecular beam epitaxy (MBE)
in a vacuum chamber with a base pressure of 10−9 Torr. A 37
nm Cr2O3 buffer layer is interposed between the film and the
substrate to minimise lattice mismatch and optimise strain re-
laxation in the film. A (0001)-Al2O3 substrate is used without
prior cleaning and is slowly heated to a growth temperature
of 700 °C. Vanadium is evaporated from an electron gun with
a deposition rate of 0.1 Ås−1, and an oxygen partial pressure
of 6.2 ·10−6 Torr is used during the growth [18]. Under these
conditions, a single crystalline film with the c-axis oriented
perpendicular to the surface is obtained. A micro bridge, con-
stituted by 40 nm Au/5 nm Ti thick electrodes with w=50 µm
width and s=2 µm separation, is nanopatterned on the film
surface, as shown in Fig. 1a. Temperature-dependent resistiv-
ity measurements (see Fig. 1b) are performed using a Keithley
Sourcemeter 2634B in the 2-points configuration across the
Au/Ti electrodes. The device temperature is controlled by a
closed cycle cryostat equipped with a heater. The temperature
sweep rate is set to 0.5 K per minute. When cooled down, the
device undergoes the metal-to-insulator transition, character-
ized by a resistance increase of almost three order of magni-
tudes. In our device the resistance ranges from 20 Ω at room
temperature (metallic state) to 130 kΩ at T =140 K (insulating
state). The heating and cooling branches evidence the typical
hysteresis cycle of the IMT, which spans the insulator/metal
coexistence region from 155 to 185 K. In the following, we
will consider TIMT '170 K as the temperature corresponding
to the midpoint of the heating branch of the hysteresis cycle.

B. Photo-induced resistance drop measurements

Resistance measurements are combined with light excita-
tion by focusing a train of infrared pulses (0.4 µJ, 50 fs) at
800 nm wavelength (1.55 eV photon energy) generated by an
optical parametric amplifier pumped by an Yb-laser system.
A pulse picker allows to control both the repetition rate, set
to 25 kHz, and the total number of pulses impinging on the
sample. The laser output is focused on the device by a 10 cm
lens. The Full-Width-Half-Maximum (FWHM) of the spot
size on the device is 50 µm, as measured using the knife-edge
technique. The pump incident fluence on the device is of the
order of 0.2 mJ/cm2, which is below the threshold necessary
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FIG. 1. Working principle of the experiment. (a) Left: Cartoon
of the experimental set-up. A finite train of laser pulses (h̄ω = 1.55
eV, 50 fs temporal width, ν = 25 kHz) is used to photoexcite the
device. The change in the 2-points resistance of the device is simul-
taneously measured before, during and after the laser excitation by
means of Au/Ti electrodes. The contact resistance can be neglected
since is very small (∼ 5 Ω) with respect to the V2O3 bridge resis-
tance (∼ 15 kΩ). Right: Microscopic image of the device used dur-
ing the experiment. (b) Equilibrium 2-points resistance hysteresis
measured as function of the temperature. The red (blue) arrows indi-
cate the heating (cooling) branch. Inset: 2-points I-V curve showing
volatile resistive switching at T =160 K. The measurement has been
performed through the 2 µm gap shown in (a). (c) Relative vari-
ation of resistance measured across the device as a function of the
time delay at the base temperature T0=161.6 K. The time zero corre-
sponds to the moment when the first pulse of the laser train arrives.
(d) Result of the conversion of resistance drop measurements (see
panel (c)) into effective local temperature (yellow solid line). The
resistance vs temperature curve shown in Fig.1(b) has been inverted
to obtain, for each value of resistance, the corresponding local tem-
perature. As explained in the main text, the cooling down process
takes place along a resistance-temperature curve which differs from
the equilibrium one reported in panel (b). The dashed line, corre-
sponding to the cooling down dynamics of the system, is the hypo-
thetical local temperature obtained from the heating branch of the
equilibrium resistance-temperature curve, but does not necessarily
represents the actual local effective temperature of the system.
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to photoinduce the complete insulator-to-metal transition[12].
In Fig. 1c we show the typical resistance drop measured af-
ter excitation with a controlled number of light pulses (200
kpulses at 25 kHz rep. rate). Prior to the experiment the de-
vice is cooled down to 100 K and then heated up to T '160
K, i.e. in the insulator-metal coexistence region. Before light
excitation, the system is thus in a high resistivity state along
the heating branch of the hysteresis curve shown in Fig. 1b.
Laser excitation is then switched on and the time-dependent
resistance is obtained by measuring the current flowing across
the bridge at a fixed applied voltage (∆V =5 mV) and at the
nominal temperature T =160 K. After 8 s, i.e. at the end of
the pulse train, the resistance drops by 8 % with respect to the
initial value. Once the light excitation is removed, the rela-
tive resistance variation, i.e. ∆R/R, starts to decrease, until
it reaches a plateau corresponding to a non-volatile change of
about 3%. The explanation of this effect resides in the inher-
ent hysteresis of the IMT (see Fig.1 b): after the laser-induced
warming up, which is not enough to drive the system out of
the hysteresis region, the cooling-down takes place along a
curve located somewhere between the complete warming up
and cooling down curves (red and blue curves in Fig. 1b).
The final resistance value is therefore smaller than the initial
value, although the initial temperature is recovered. In order
to restore the initial resistance value, the device must undergo
a complete thermal cycle, corresponding to heating up to 300
K, followed by cooling down to 100 K and further heating up
to T '160 K. The same thermal cycle protocol is applied be-
fore any of the resistance drop measurements reported in the
following.

The resistance-temperature curve shown in Fig.1b can be
used to retrieve the precise local effective temperature of the
V2O3 device during the light excitation process, as shown in
Fig. 1d. The local effective temperature during the resistance
drop is extracted by interpolating and inverting the heating
branch of the resistance-temperature curve (Fig. 1b). The er-
ror associated to the local effective temperature is obtained
by considering the accuracy of the Keithley Sourcemeter (±
0.02 %) in the voltage range used during the experiments. We
stress that the resistance-temperature relation is single-valued
only along the heating branch. Therefore, the resistance value
can be converted in the actual local temperature only during
the heating up process in the 0-8 s time span. During the cool-
ing down (8-120 ps) the resistance moves back along a non-
equilibrium resistance-temperature curve, which differs from
that used for calibration (Fig. 1b) and cannot therefore be used
to retrieve the actual local temperature.

C. Finite Elements Method simulation of the thermal problem

The heating induced by the laser excitation is numerically
simulated by finite-element methods (Comsol Multiphysics).
In the simulations we consider the 67 nm thick V2O3 film on
top of a 500 µm thick (0001)-Al2O3 substrate. The Cr2O3
buffer-layer is omitted since its thermal and optical properties
are very similar to the sapphire’s ones. The problem is solved
in 2D axial symmetry in a region with 800 µm diameter. A
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FIG. 2. Finite elements method simulations. (a) The solid line
represents the temperature increase due to the single pulse excitation
(black dashed area) as function of the time (logarithmic scale). The
black arrow indicates the instant (t = 40 µs) at which the following
pulse arrives. Inset: sketch of the geometry used in the Comsol sim-
ulations. The red dot indicates the point at which the temperature
has been evaluated (r = 50 nm; z=33.5 nm). (b) The temperature
variation at saturation, induced by 2 ·105 laser pulses, is shown. The
temperature is evaluated at half of the total thickness, i.e. r = 50 nm
and z=33.5 nm. The maximum temperature reached after the excita-
tion with the pulse train is used as input to build the curves reported
in Fig. 3.

representation of the sample cross section is reported in the
inset of Fig. 2a. Thermal insulating boundary conditions are
applied on the top and lateral boundaries, whereas the sap-
phire bottom boundary (z =−500 µm) is kept at the constant
temperature T0 = 161.6 K, which corresponds to the actual
initial effective temperature of the device, as extracted from
the resistance value.

The thermal problem for single pulse excitation is initially
addressed. In this configuration, a single pulse with temporal
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TABLE I. Summary of materials parameters values adopted in the
present work for FEM simulations.

Parameter Value Units Ref.
cp(T )

∣∣
V2O3

cp(T =160 K) =480 J kg−1 K−1 [38]

cp(TIMT )=2400 J kg−1 K−1 [38]

cp(T =190 K)=530 J kg−1 K−1 [38]

cp
∣∣
Al2O3

776 J kg−1 K−1 [39]

κ(T )
∣∣
V2O3

κ(T ) (∼3.1 @160 K) W m−1 K−1 [37]

κ
∣∣
Al2O3

35 W m−1 K−1 [40]

ρV2O3 4870 kg m−3 [39]

ρAl2O3 3980 kg m−3 [39]

Re(ñV2O3 ) 1.997 @800 nm kg m−3 [36]

Im(ñV2O3 ) 0.382 @800 nm kg m−3 [36]

Re(ñAl2O3 ) 1.76 @800 nm kg m−3 [41]

and spatial gaussian profiles matching the experimental ones,
excites the sample. We consider an energy density delivered
to the system (0.66 kJ/cm3) such that the time and spatial
integral matches the total energy released by the laser pulse
upon accounting for reflection losses. The estimated energy
absorbed within the 67 nm V2O3 film is calculated with a mul-
tireflection model (total absorption A= 0.22), assuming the op-
tical constants reported in the literature[36]. Using Fourier’s
law, the energy balance within the volume of the V2O3 film
reads:

−∇ ·
[
−κ(T (r,z, t))∇T (r,z, t)

]
+

+P(r,z, t) = ρ cp((r,z, t))
∂T (r,z, t)

∂ t
(1)

where P(r,z, t) is the absorbed pulsed power density profile,
κ(T ) is the temperature dependent thermal conductivity[37],
ρ the mass density, and cp(T ) the temperature-dependent total
specific heat at constant pressure[38]. For sake of complete-
ness, the parameters used in the simulation are reported in Ta-
ble I. The following heat flux continuity boundary condition
is used at the V2O3/ Al2O3 interface:

kV2O3

∂T
∂ z

∣∣∣∣
z=0+

= kAl2O3

∂T
∂ z

∣∣∣∣
z=0−

. (2)

The initial condition is T0 = 161.6 K throughout the sample
and the substrate. The equation is solved via the finite el-
ement method, covering a time scale spanning seven orders
of magnitude. Since the presence of a thermal boundary re-
sistance (TBR) at the V2O3/ Al2O3 interface can affect the
temperature of the V2O3 film, simulations with different TBR
values were performed. Assuming a TBR (10−7 m2KW−1)
one order of magnitude larger than typical values reported for

similar materials[42], leads to a correction of the V2O3 tem-
perature profile smaller than 10%, i.e. within the experimental
uncertainty. The thermal dynamics of the single pulse excita-
tion is shown in Fig. 2a. We remark that we are interested
in thermal dynamics on timescales longer than the pulse du-
ration and electron-phonon coupling. Therefore, we assume
the complete thermalization between the electron and lattice
subsystems, as implied by the use of the total specific heat and
thermal conductivity values.

After the impulsive energy absorption, the temperature
reaches its maximum value (∼ 250 K) within few picosec-
onds. Subsequently, the energy diffusion through the sapphire
substrate drives the slower cooling down process. If we con-
sider the time needed to reduce the initial temperature varia-
tion by a factor 2, we obtain a half-life of about 2 ns. The
cooling down to the initial temperature T0=161.6 K is almost
completed within ∼ 40 µs, although a small temperature in-
crease ∼ 0.04 K persists. The simulations also demonstrate
that, in the device region, the temperature variation within the
V2O3 film is rather homogeneous, with less than 1% differ-
ence between the top and bottom temperatures. For sake of
simplicity, in the following we will refer to the temperature of
the point at 33.5 nm distance from the device surface (see Fig.
2a).

In the multi-pulse experimental configuration, the heating
associated to each pulse accumulates on top of the tempera-
ture increase triggered by the previous ones. Considering a
pulse distance of 40 µs (25 kHz rep. rate), the small tem-
perature difference accumulated after each pulse leads to a
progressive increase of the local effective temperature, until
the external heat flux is balanced by the dissipation. In this
condition, the average effective temperature does not further
increase and it reaches a saturation value, which ultimately
drives the resistance drop across the bridge observed after the
light excitation. For simplicity, the effect of the total thermal
heating induced by the multi-pulse excitation is simulated by
considering a laser beam with step-like temporal profile ex-
tending over the same time span of the pulse train and with
the same average power [40, 43, 44]. An example of the tem-
perature dynamics, for a train of 2 ·105 pulses, is shown in Fig.
2b. The heat accumulation leads, at saturation, to a final tem-
perature of 162.1 K. The discrepancy between this value and
the experimental one (see Fig. 2b) will be clarified in the next
section. Once the input power is removed, the system rapidly
cools down to the initial temperature. For a better comparison
with the experimental data, the time-dependent temperature
curves obtained by the simulations and reported in Fig. 2b
were subsequently filtered by a low-pass filter with a band-
width corresponding to the cut-off frequency (10 Hz) of the
electrical circuit used for the resistance measurements.

III. RESULTS AND DISCUSSION

The comparison between the experimental results and the
numerical simulations is shown in Fig. 3a. The applied volt-
age for the resistance measurements is ∆V =5 mV, i.e. much
smaller than the threshold ∆Vth '2.5 V necessary to obtain the
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resistive switching at the working temperature. The experi-
mental points (green circles) represent the maximum effective
temperature increase, estimated by the volatile resistance drop
described in Sec II B, as a function of the number of excita-
tion pulses. We stress that each experimental point is obtained
after a complete thermal cycle, necessary to restore the ini-
tial resistance of the device (see Sec. II A). The data show
that no significant temperature increase is detectable below
∼ 104 pulses. Above this threshold the temperature increases
and saturates after approximately 106 pulses. The temperature
achieved in the saturation regime, i.e. when the excitation av-
erage power matches the thermal losses towards the substrate,
is ∼ 162.06 K.

On general grounds, the dynamics of the V2O3 temperature
T (t) can be described in terms of a simple lumped-element
model:

Ct
d(T −T0)

dt
=W − 1

Rth
(T −T0) (3)

where T0=161.6 K is the initial temperature, Ct represents
the total heat capacity of the device, W is the total absorbed
power, Rth is a constant with the dimensions of a thermal re-
sistance and effectively accounts for the total heat dissipation.
Independently of the specific values of the effective coeffi-
cients entering in the lumped-element model, the general so-
lution of Eq. 3 is the exponential function T (t)=T0+δTsat (1-
e−t/τ ), where τ=RthCt is the time constant of the heating up
process and δTsat=RthW is the temperature variation at sat-
uration. This exponential function can be used to fit the data
and retrieve the experimental time constant of the system. The
red solid line in Fig. 3a is the exponential fit, which provides
τ=18.5±0.8 s corresponding to (4.6±0.2)×105 pulses.

The local effective temperature retrieved by the resistance
drop is compared to the results of calculations of the full ther-
mal problem, as described in Sec. II C. The black solid line
in Fig. 3a represents the saturation temperature increase ob-
tained by finite-element calculations, when an average power
corresponding to that of the pulse train exciting the device is
considered. The calculated saturation temperature increase,
i.e. δTsat=0.5 K perfectly matches the experimental value.
Considering that δTsat depends only on the adsorbed power
W and on Rth, we can conclude that the finite element calcu-
lations perfectly account for the heat dissipation, which is ul-
timately regulated by the heat diffusion throughout the V2O3
film and the substrate.

The difference between the calculated and measured time
constants of the exponential heating dynamics can be at-
tributed to an underestimation of the total heat capacity Ct .
Throughout the calculations of the thermal problem, we as-
sumed perfect electron-phonon thermalization and we have
thus considered the V2O3 temperature-dependent total spe-
cific heat [38]. Nonetheless, the absorption of each single
light pulse is mediated by the electronic population which
undergoes a large temperature increase. The effective elec-
tronic temperature dynamically overcomes the Mott insulator-
to-metal transition temperature TIMT , which is accompanied
by a divergence of the electronic effective mass m∗. Con-

sidering that the electronic specific heat of an electron gas
cel ∝ m∗3/2, the dynamical crossing of TIMT is naturally ac-
companied by a large increase of cel [38], which is character-
ized by a narrow cusp centered at TIMT (see Tab. I). In the
vicinity of the Mott transition, the electron gas thus behaves
like a reservoir capable of absorbing a large quantity of energy
but limiting the impulsive increase of the effective tempera-
ture of the electron-phonon system. Our experimental results
are compatible with cel=(30±6)×cp(TIMT )

∣∣
V2O3

, which sug-
gests an effective mass increase of 10, perfectly compatible
with what recently observed in VO2 [45] and attributed to the
strong electronic correlations.

Once assessed the validity of the thermal model to eval-
uate the laser induced heating in the saturation regime, we
can compare the expected thermally induced resistance drop
to what is actually measured when the laser pulses are com-
bined to a voltage that is no longer negligible with respect
to ∆Vth. In Fig. 3b we report the resistance drop, measured
following the procedure previously described, with ∆V =0.5
V applied voltage. In this case, although the resistance drop
is described by an exponential function (solid red line) with
the same time constant (τ=18.7±1.6 s), the value achieved in
the saturation regime (δRsat '2.6 kΩ) is twice the value mea-
sured (δRsat '1.3 kΩ) for ∆V =5 mV.

The resistance drop measured under the applied bias
∆V =0.5 V is compared to the value expected by consider-
ing the laser-induced heating (the parameters of the thermal
calculations are the same than the previous low-voltage case)
and also including the effect of Joule heating induced by the
current flowing throughout the V2O3 bridge. We stress that
the voltage applied through the device is smaller than thresh-
old value necessary for the resistive switching. Therefore, in
this regime no metallic filaments[25], possibly responsible for
large local Joule heating, are created and the system can be
treated as homogeneous. The additional dissipated power can
be thus written as:

∆PJ =
∆V × I

swd
(4)

where ∆PJ is the power density dissipated by the electrical
current I flowing through the electrodes and swd is the device
effective volume (see Fig. 1a). ∆PJ is added to the total power
density P(r,z), provided by the pulse train, in Eq 1. The black
solid line in Fig. 3b represents the result of the numerical sim-
ulation converted in the expected resistance drop by means of
the resistance vs temperature calibration curve (see Fig. 1b).
We note that the Joule heating induced by the current is of
the order of 2×10−5 W and is negligible as compared to the
laser power, which amounts to ∼ 10−2 W. As a conclusion,
the additional Joule heating does not account for the measured
resistivity drop in the stationary regime, which is twice than
that expected from heating alone.

The present results can be rationalized on the basis of re-
cent theoretical work[23], which showed that in the insulator-
metal coexistence region, the application of a significant elec-
tric field is able to induce the non-thermal weakening of the
Mott insulating phase via the formation of new metallic states
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FIG. 3. Comparison between experimental and numerical re-
sults. (a) Maximum variation of the sample’s temperature induced
by the laser pulses as function of the total number of pulses (green
circles). The applied voltage is ∆V =5 mV. The solid black line rep-
resents the simulated data where the maximum temperature has been
extracted for each finite number of pulses. The grey area shows the
error interval associated to the model assumptions and numerical ap-
proximations. The red solid line represents the exponential fit to the
experimental data. (b) Maximum laser-induced drop of the device re-
sistance when a constant voltage bias ∆V =0.5 V is applied across the
Au/Ti electrodes (green circles). The solid black line represents the
outcome of numerical simulations, from which the expected resis-
tance drop is retrieved from the local effective heating for each finite
number of pulses. The dissipated power related to the Joule heating
has been added to the power dissipated by the laser excitation. The
grey areas show the error interval associated to the model assump-
tions and numerical approximations. The solid red line represents
the exponential fit to the experimental data.

at the Fermi level with no counterpart at equilibrium. This
mechanism is in sharp contrast with the conventional Zener
tunneling mechanism that is usually invoked to describe the
resistive switching dynamics. Interestingly, the state variable
that characterizes the transition and controls the free energy
of the system is the orbital polarization, defined as p=neπ

g -

na1g , where neπ
g is the occupation of the lowest energy V-3d

eπ
g orbitals and na1g is the occupation of the V-3d a1g orbitals.

The Mott insulating phase is characterized by p=2, whereas
the application of an electric field induces the formation of a
metallic state with p=1.2-1.6 [23]. As recently shown[12], the
excitation with infrared light pulses with 1.55 eV photon en-
ergy can induce a further orbital polarization decrease of the
order of δ p '-10−3−10−2, which in turns leads to a change
of 1.3-13 meV of the difference between the free energies of
the insulating and metallic phases. The photo-induced change
of the free energy difference largely overcomes the thermal
effect, i.e. kBδT '50 µeV, thus inducing the growth of al-
ready existing metallic domains in the insulator-metal coex-
istence region. The combination of below-threshold voltage
and the excitation with infrared light pulses capable of mod-
ifying the occupation of vanadium orbitals thus weakens the
insulating state well beyond what can be ascribed to thermal
effects. The scenario emerging from our results can be un-
derstood also within the resistor network model [21], which is
commonly adopted to describe the insulator-to-metal switch-
ing dynamics. In this model, the physical system is divided in
nanometric cells representing small regions, which are either
in the insulating (high-resistance) or metallic (low-resistance)
states. The combined action of voltage and laser excitation
leads to a non-thermal increase of the number of the metal-
lic cells, thus triggering the observed volatile resistance drop.
Working with below-threshold voltage and with weak laser
excitation avoids the creation of connected filamentary metal-
lic paths which are responsible for the resistive switching pro-
cess observed above ∆Vth.

IV. CONCLUSIONS

In conclusion, we investigated the simultaneous action of
a train of infrared light pulses and an external voltage on a
Mottronic device based on V2O3, which undergoes an IMT
at TIMT '170 K. When the device is in the insulator-metal
coexisting region (T '160 K) and a 0.5 V voltage is applied
across the device, the measured resistance drop induced by a
pulse number exceeding 106 is twice than that expected from
the simple local heating of the device. Our results suggest
that although the 0.5 V applied voltage is below the threshold
(∆Vth=2.5 V) necessary for inducing the complete and irre-
versible resistive switch, it brings the insulating phase close
to the insulator-to-metal instability. The simultaneous weak
excitation with a sufficient number of infrared pulses modifies
the occupation of the vanadium 3d orbitals enough to trigger
the non-thermal growth and proliferation of already existing
metallic nodes, well beyond what can be ascribed to the total
local heating induced by the laser/voltage combination. The
present results also call for the development of time-resolved
microscopy techniques to investigate the real time dynamics
of the metallicity in Mottronics and resistive switching de-
vices subject to the simultaneous application of electric fields
and light pulses.
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