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Abstract: A significant decrease in resistivity by 55% under blue lighting with ~0.4 J·mm−2 en-
ergy density is demonstrated in amorphous film of metal-insulator NdNiO3 at room temperature.
This large negative photoresistivity contrasts with a small positive photoresistivity of 8% in epitaxial
NdNiO3 film under the same illumination conditions. The magnitude of the photoresistivity rises
with the increasing power density or decreasing wavelength of light. By combining the analysis
of the observed photoresistive effect with optical absorption and the resistivity of the films as a
function of temperature, it is shown that photo-stimulated heating determines the photoresistivity
in both types of films. Because amorphous films can be easily grown on a wide range of substrates,
the demonstrated large photo(thermo)resistivity in such films is attractive for potential applications,
e.g., thermal photodetectors and thermistors.

Keywords: rare-earth nickelates; epitaxial perovskite films; amorphous thin films; photoconductivity

1. Introduction

Rare-earth nickelates is a separate class of perovskite-structure metal oxides, whose
main feature is specific resistive behavior. The end-member of the series LaNiO3 (LNO)
with a rhombohedral crystallographic structure exhibits the metallic conductivity at all
temperatures. Low conductivity and superior catalytic properties make LNO attractive for
use as functional sublayers in perovskite heterostructures [1]. Other nickelates with the
orthorhombic structure display a sharp metal-to-insulator transition (MIT) from a high-
temperature paramagnetic metal state to a low-temperature antiferromagnetic insulator.
At MIT, the electrical resistivity changes by several orders of magnitude, which holds
promise for many device applications. The most attractive members are NdNiO3 (NNO)
and SmNiO3 (SNO), whose MIT temperatures TMI ≈ 200 and 400 K for bulk ceramics are
the closest to room temperature [2,3].

Nowadays, a focus in the research has moved to the investigation of epitaxial thin films
and heterostructures, which follow an in-plane structure of similar perovskite substrate.
A film–substrate mismatch in the lattice parameters introduces a strain influencing the resis-
tive behavior of the nickelate thin films as compared with their bulk analogues [4,5]. For in-
stance, the most studied NNO films subjected to a tensile strain of ~2% have TMI ≈ 170 K,
whereas a small compressive strain of <−0.3% fully suppresses MIT in these films [6–9].
Recently, TMI at room temperature range is observed in SNO/NNO repetitive heterostruc-
tures with a few unit-cell thicknesses of separate layers [10]. However, the epitaxial growth
is restricted by the selection of appropriate expensive substrates.

A hot trend of modern research is to extend the films functionality by an external
physical stimulus. One of the attractive possibilities is to stimulate MIT in nickelates by
irradiation with light [11]. However, the first attempts to switch MIT optically surmise
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the dominating influence of local sample heating due to light absorption [10,12]. Another
promising direction of modern research is to study the polycrystalline perovskite films,
which can be deposited on cheap industrial substrates [1,13–16].

We pursued two main objectives in this work. First, we comprehensively studied
the photoresistivity at room temperature in epitaxial nickelate films to clarify a physical
origin of the effect. Second, we demonstrated a strong photoresistive response in a novel
material: amorphous film of NNO. Whereas a small resistivity increase of a few percent
was observed in the epitaxial NNO films, a large drop of resistivity under irradiation
was obtained for the amorphous film of the same elemental composition. We believe that
this finding can stimulate broader research of non-epitaxial (oriented, polycrystalline and
amorphous) nickelate films, which are currently practically unexplored [13,14,17].

2. Materials and Methods

Thin nickelate films were grown by pulsed laser deposition using a KrF excimer laser
of 2 J·cm−2 energy density and ambient oxygen pressure of 20 Pa. The substrates purchased
from the MTI Corporation (Richmond, VA, USA) were kept at temperature of 700 ◦C during
the deposition [9]. In the main part of this paper, we confront the photoresistive response
in two NNO films of 80 nm thickness: one film on (001)(La0.3Sr0.7)(Al0.65Ta0.35)O3 (LSAT)
and another film on SiO2 (quartz) substrates. These films were deposited simultaneously
within the same process, which ensured their identical elemental composition. Supporting
data for other epitaxial films (LNO, NNO and SNO) of different thicknesses 20–120 nm
deposited on LSAT or (001)LaAlO3 (LAO) substrates are shown in Appendix A.

X-ray diffraction patterns were recorded by a multipurpose intelligent Empyrean
diffractometer of 3rd generation (Malvern Panalytical Ltd., Malvern, UK) using Cu-Kα ra-
diation with a wavelength 1.540598 Å. Two main films shown in Figure 1 were investigated
in the grazing incidence geometry in a 2θ range from 0 to 90◦. The epitaxial NNO film on
LSAT substrate was also measured using the Bragg–Brentano geometry in a 2θ range from
10 to 120◦. For accurate peak separation, the bare LSAT substrate was additionally inves-
tigated in the Bragg–Brentano geometry. The data were analyzed using Match! software
(version 2.4.7, Crystal Impact, Bonn, Germany).

For electrical characterization, four stripe-type golden contacts of 1 mm width sepa-
rated by 2 mm each were deposited on the top of the films (10 × 10 mm2 size) by pulsed
laser deposition at 200 ◦C through a shadow mask. Then the samples were cut into
three identical pieces of 3.2 × 10 mm2 size (photo of the samples is shown in Figure 1e).
DC resistance was measured by a digital multimeter DMM6500 (Keithley Instruments,
Cleveland, OH, USA) through USB remote interface. A precise 4-wire method was used
for the epitaxial films; the amorphous film was measured by a 2-wire method because
of its high resistance. The sample temperature was controlled by aT95 system controller
supplemented with a liquid nitrogen cooling pump LNP 95. Samples were placed inside
a HFS600E-PB4 temperature-controlled probe system (all devices are manufactured by
Linkam Scientific Instruments Ltd., Tadworth, UK) with a transparent quartz window and
4 tungsten gold-plated tip probes ensuring ohmic contacts.

Commercial laser diodes in a TO-56 CAN package were mounted inside the standard
focusing optical modules of ∅12 mm, which were integrated with a fan cooler. The emitted
optical power was controlled by a constantly applied current and calibrated by an optical
power meter PM100D equipped with a photodiode sensor S121C (Thorlabs Inc, Newton,
MA, USA). Four different high-power laser diodes were used: a blue laser (OSRAM PLPT5
447KA) with a 447 nm wavelength and a maximal optical power 1.2 W; a green laser
(OSRAM PLT5 520B) with 520 nm, up to 85 mW; a red laser (Panasonic LNCQ28PS01WW)
with 660 nm, up to 0.1 W; and an infra-red laser (ADL-80V01NL) with 808 nm, up to 0.4 W.
A central uncovered part of the films 3.2 × 2 mm2 between two inner golden contacts was
irradiated. Optical absorption of the film-substrate stacks was also estimated using the
same power meter putting the central part of the films between the laser beam and the
photodiode sensor S121C. For each laser and film, 3–4 different levels of the optical power
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were adjusted to estimate the mean absorption factor with a maximal standard error of the
averaging of 2%.
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Figure 1. X-ray diffraction analysis of the studied films: (a,b) Bragg–Brentano θ–2θ scans and
(c,d) grazing incidence scans of the NNO films on (a–c) LSAT and (d) SiO2 substrates. Diffraction
peaks from the films, the LSAT substrate and the Au electrodes are marked by f, s, and e, correspond-
ingly. Details of the (002) peaks are shown in (b). (e) Photo of the films: the darker epitaxial film on
LSAT is on the left side.

3. Results

Different substrates enabled either epitaxial film growth or the creation of amorphous
structure. Epitaxial NNO films that we created on LSAT substrate (clear X-ray diffraction
peaks from the film and the substrate are shown in Figure 1a–c), and amorphous NNO
films were grown on SiO2 (the absence of the corresponding peaks is shown in Figure 1d).

Figure 2 presents the resistivity as a function of temperature for both films. As il-
lustrated by Figure 2a, the epitaxial NNO film demonstrates a typical behavior with a
pronounced MIT at TMI ≈ −105 ◦C (170 K), a narrow low-temperature hysteresis ~5 ◦C
and relevant resistivity values ρ ≈ 0.6 mΩ·cm at room temperature [3–9]. Contrary to that,
the amorphous film shows a strong insulating behavior with a fivefold exponential drop of
resistivity with a temperature increase from 26 to 70 ◦C (see Figure 2b). This dependence
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can be fitted with a good accuracy (Pearson correlation coefficient is 0.9998) using an
adiabatic polaron hopping model σT ∝ exp(−Eh/kT) [18]. The corresponding linear fit
shown in Figure 2c gives a hopping activation energy Eh ≈ 350 meV.
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(c) Adiabatic polaron hopping fit for the latter dependence.

Figure 3 illustrates the impact of the light irradiation on the resistive properties of both
NNO films. Few-second illumination results in a stepwise change of the films resistivity.
During 3–5 s of irradiation, the resistivity becomes stable with time if the opposite side
of the substrate is hold at 26 ◦C by the temperature controller (see Figures 4a and A1a).
For quantitative assessment of the observed photoresistive effect, illumination by the blue
laser with 0.8-W optical power is taken as a reference. Such illumination of the central films
region for three seconds providing ~0.4 J·mm−2 energy density leads to a 7.7% increase
and 55% decrease in the electrical resistivity for the epitaxial and the amorphous film,
respectively. With active temperature controller, the repeatable laser switching leads to
reversible changes in the resistivity. If the controller does not operate, additional continuous
change in the resistivity and rise in the inbuilt thermocouple reading are observed (see
Figures 4b and A1b). Five 15-s pulses of 1.2 W power increase the temperature of a massive
silver-coated stage (ceramic disk of 2 cm diameter and 1 cm thickness) by almost 10 ◦C.
The stage temperature increases continuously during each light pulse and decreases much
slower between the pulses. At continuous lighting, the resistivity change saturates after
~1000 s together with stabilization of the stage temperature on a level >40 ◦C.
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Figure 3. Percentage change of the resistivity for NNO films on (a) LSAT and (b) SiO2 substrates at fixed temperature
T = 26 ◦C and periodical 15-s illumination by the blue laser at different optical power: 0.2, 0.4, 0.8 and 1.2 W.
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Figure 4. Percentage change of the resistivity at lighting by the blue laser on the amorphous NNO film. (a) Optical power is
set to 0.8 W, whereas the durations of the light pulse are varied as 1, 2, 3, 4, 5, 7 and 10 s. (b) Optical power is set to 1.2 W,
whereas the temperature controller holds the temperature at 26 ◦C or does not operate. The reversible resistivity changes at
the active controller are shown by blue dashed line. In the latter case, an additional decrease in the resistivity shown by
black line is accompanied by heating of the sample stage (reading of the inbuild thermo couple is shown by red line and
referred to the right ordinate axis).

A small positive photoresistive response, similar to that presented in Figure 3a, was ob-
tained for other epitaxial NNO and LNO films in the room-temperature metallic phase (see
Figures A2 and A3). Epitaxial films of SNO with similar decaying dependences ρ(T) but
smaller resistivity values at room temperature than the amorphous NNO film display a
negative photoresistive drop, whose amplitude under the reference blue illumination of
~0.4 J·mm−2 is ~20% (see Figure A4 and Table A1).

For the epitaxial NNO film, a nearly linear increase in the resistivity with optical power
of the incident light is well correlated with its temperature dependence (see Figure 5a).
For the amorphous film, a decrease in the photoresistivity with optical power also follows
the corresponding ρ(T) dependence, as illustrated by Figure 5b (values of the film resistance
R are indicated on the right ordinate axis). Therefore, the magnitude of the resistivity drop
is not simply proportional to the incident optical power as for the epitaxial film but is an
exponential function of the power. Evidently, different resistivity temperature dependences
shown in Figure 2 are responsible for significant distinctions of the photoresistive response
in the studied films. The photoresistive effect in the case of illumination with other
light wavelengths is qualitatively the same to that obtained with the blue laser (compare
Figures 3 and A5). Quantitative difference is discussed in the next section.



Coatings 2021, 11, 1411 6 of 13

Coatings 2021, 11, x FOR PEER REVIEW 6 of 14 
 

 

ture dependences shown in Figure 2 are responsible for significant distinctions of the pho-
toresistive response in the studied films. The photoresistive effect in the case of illumina-
tion with other light wavelengths is qualitatively the same to that obtained with the blue 
laser (compare Figures 3 and A5). Quantitative difference is discussed in the next section. 

  
(a) (b) 

Figure 5. Change of the resistivity with optical power of the blue laser superimposed on the corresponding temperature 
dependence for NNO films on (a) LSAT and (b) SiO2 substrates. The right ordinate axes indicate the corresponding re-
sistance values. The temperature controller holds T = 26 °C. 

4. Discussion 
Assuming the local film heating is the main reason of the observed photoresistive 

effect, the appropriate temperature increments can be estimated from the corresponding 
ρ(T) dependences shown in Figure 5. As illustrated by Figures 6 and A6, such estimated 
increments ΔT are proportional to the optical power Popt, which gives a constant effective 
heat capacity of the film-substrate stack. However, the slopes k of the presented linear fits 
ΔT(Popt) with the Pearson correlation coefficients > 0.9996 are varied with the films and the 
light wavelengths. These distinctions in the heating ability are mostly ascribed to the dif-
ferent optical absorptions of the films because both substrates are transparent and no sig-
nificant reflection from the film surface is observed (see Table 1). Even visually, the epi-
taxial film is much darker than the amorphous one, proving a twice as high absorption 
factor (see Figure 1e and Ref. [14]). Both film-substrate stacks absorb the light of lower 
wavelengths better; however, this dependence is not so pronounced for the epitaxial films. 
Normalization of the fit slopes k by the absorption factor α reduces the parameter varia-
tion for the 8 considered cases: total mean values <k> = 37.3 ± 15.9 (±43%) but <k/α> = 58 ± 
3.7 (±6.4%). The latter standard deviation ~ 6% can be assigned to the light reflection at the 
film surface and the film-substrate interface (estimated on a level of ~7%) as well as to 
wavelength-dependent light absorption of the LSAT substrate [19,20]. Absorption factor 
of the commercial crystal quartz is known to be about 10% within a broad wavelength 
range from ultraviolet to far infrared light. The obtained value <k/α> = 58 °C/W is physi-
cally reasonable: the energy of 3 J fully absorbed during the 3-s illumination with 1-W 
optical power could heat the thermally isolated substrates of LSAT and quartz by 49 and 
96 °C, respectively. 

20 40 60 80

0.60

0.65

71.4

77.4

0 0.5 1

R
 (Ω

)

ρ 
(m

Ω
⋅c

m
)

Popt (W)

T (°C)

LSAT

 

20 40 60

5

10

60

120

0 0.5 1

ρ 
(Ω

⋅m
)

Popt (W)

T (°C)

R
 (M

Ω
)

SiO2

 

Figure 5. Change of the resistivity with optical power of the blue laser superimposed on the corresponding temperature
dependence for NNO films on (a) LSAT and (b) SiO2 substrates. The right ordinate axes indicate the corresponding
resistance values. The temperature controller holds T = 26 ◦C.

4. Discussion

Assuming the local film heating is the main reason of the observed photoresistive
effect, the appropriate temperature increments can be estimated from the corresponding
ρ(T) dependences shown in Figure 5. As illustrated by Figures 6 and A6, such estimated
increments ∆T are proportional to the optical power Popt, which gives a constant effective
heat capacity of the film-substrate stack. However, the slopes k of the presented linear
fits ∆T(Popt) with the Pearson correlation coefficients > 0.9996 are varied with the films
and the light wavelengths. These distinctions in the heating ability are mostly ascribed
to the different optical absorptions of the films because both substrates are transparent
and no significant reflection from the film surface is observed (see Table 1). Even visu-
ally, the epitaxial film is much darker than the amorphous one, proving a twice as high
absorption factor (see Figure 1e and Ref. [14]). Both film-substrate stacks absorb the light of
lower wavelengths better; however, this dependence is not so pronounced for the epitaxial
films. Normalization of the fit slopes k by the absorption factor α reduces the parameter
variation for the 8 considered cases: total mean values <k> = 37.3 ± 15.9 (±43%) but
<k/α> = 58 ± 3.7 (±6.4%). The latter standard deviation ~ 6% can be assigned to the light
reflection at the film surface and the film-substrate interface (estimated on a level of ~7%) as
well as to wavelength-dependent light absorption of the LSAT substrate [19,20]. Absorption
factor of the commercial crystal quartz is known to be about 10% within a broad wave-
length range from ultraviolet to far infrared light. The obtained value <k/α> = 58 ◦C/W
is physically reasonable: the energy of 3 J fully absorbed during the 3-s illumination with
1-W optical power could heat the thermally isolated substrates of LSAT and quartz by 49
and 96 ◦C, respectively.

The magnitude of the negative photoresistivity in the amorphous film can be increased
by preparing thicker films for higher optical absorption, as well as tuned by a proper
manufacturing of the sensitive film structure to optimize its resistance value. Thermal
isolation of the film can also tune the photoresistive changes. Improving the substrate-stage
contact by thermally conductive grease decreases the time of the resistivity switch up to
one second (compare Figures 4a and 7a). However, the magnitude of the photoresistive
change also decreases twice. Contrariwise, putting a sheet of paper between the substrate
and the temperature-controlled stage increases the magnitude of the photoresistive change
as well as the switching time twice (see Figure 7b).
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Figure 6. Estimated temperature increments as functions of the optical power for all light wavelengths with the correspond-
ing linear fits for NNO films on (a) LSAT and (b) SiO2 substrates.

Table 1. The slope k of the linear fits ∆T(Popt) shown in Figure 6, the measured absorption factor
α of the film-substrate stack and the ratio k/α for both NNO films and all light wavelengths λ.
The absorption factor of the bare LSAT substrate αs is shown in the fifth column.

λ, nm
LSAT SiO2

k, ◦C/W α, % k/α, ◦C/W αs, % k, ◦C/W α, % k/α, ◦C/W

447 53.5 91.8 58.3 33.6 31.2 52.8 59.1

520 53.1 88.2 60.3 26.9 25.3 41.7 60.8

660 52.8 83.8 63 24.5 19.1 36.9 51.7

808 46.6 82.8 56.3 8.8 17.1 31.2 54.6
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Figure 7. The percentage change of the resistivity at lighting by the blue laser on the amorphous NNO film, whose thermal
contact to the temperature-controlled stage (T = 26 ◦C) is varied. (a) Optical power is set to 0.8 W and the substrate-stage
contact is improved by thermally conductive grease. Durations of the light pulse are varied as 0.1, 0.25, 0.5, 1, 2 and 5 s.
(b) Optical power is set to 0.2 W, whereas the thermal contact between the substrate back-side and the temperature-controlled
stage is varied as follows: (i) improved by thermally conductive grease; (ii) leave in the common condition of a freely lying
sample; and (iii) a paper sheet of 0.1 mm thickness is placed between the substrate and the cooling stage.
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The achievable magnitudes of the photoresistive effect in the amorphous NNO film
can be attractive for using in thermal photodetectors [21]. This type of the light detector
utilizes the considered principle: it measures temperature rises resulting from the light
absorption. The thermal detectors are applied when photon semiconducting detectors
are ineffective, in particular, for measuring the long-wavelength infrared light and the
high-power lasers. Usually, a black coating covers the temperature sensor for homogeneous
broadband absorption. The thermal detectors expectedly suffer from their temperature sen-
sitivity; therefore, an air/water cooling is frequently used. Another strategy is to modulate
the incident light with a chopper and to estimate a dark-light relative difference. Typical
response time of the thermal detectors is a few seconds. Sensitivity of such industrial
sensors is not declared by the producers. However, the observed huge photoresistance
change ~527 MΩ/W·mm−2 with the similar time response at the reference 0.8 W blue light
illumination should be competitive (see Figure 5b).

The competitive analysis can be performed estimating an amorphous film potential
for industrial temperature sensing since the same physical principle is in play; the expo-
nential decay of the resistivity with heating is illustrated by Figures 2b and 5b. Such a
dependence is typical for thermistors with negative temperature coefficient, i.e., thermally
sensitive resistors with negative dR/dT, which are generally made of ceramics or polymers.
An important figure of merit for the thermometer layer material is the temperature coeffi-
cient of resistance α = (dR/dT)/R, whose typical values range from −3 to −6% ◦C−1 [22].
Another important characteristic of the thermistors is a so-called B value defined by Equa-
tion (1) (both temperatures are in Kelvin):

BT1/T2 =
T2·T1

T2 − T1
· ln

(
R1

R2

)
(1)

Typical B25/100 values for the thermistors with negative temperature coefficient are
between ~3000 and 5000 K. As illustrated by Figure 8, values of these parameters estimated
for the presented amorphous film are industrially competitive. This is especially true
for the range of rapid resistivity decay T = 25–75 ◦C, which is an operation range of
semiconductor electronics. Therefore, a thin film element of the amorphous NNO can be
effective as a microchip-inbuilt temperature sensor. The range of the highest R changes
can be optimized varying the NNO film thickness/length. Moreover, amorphous SNO
films are expected to provide similar resistivity decay at much higher temperatures, which
could be also industrially attractive. The thermistors are typically suitable for use within a
temperature range between −55 and 200 ◦C. For the higher temperatures in the order of
600 ◦C, thermocouples are usually used instead of the thermistors.
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5. Conclusions

The novel material, amorphous film of NdNiO3, demonstrates useful resistive prop-
erties at room temperature: measurable resistance ~110 MΩ, which exponentially drops
with increasing temperature (temperature coefficient of resistance is about −3% ◦C−1).
This opens a promising opportunity for developing sensitive microelectronic temperature
sensors (thermistors). A large negative photoresistivity (~55% under blue lighting with
~0.4 J·mm−2 energy density) is additionally observed in the amorphous NdNiO3 film,
which make it an attractive material for thermal photodetectors. Contrary to the epitaxial
films deposited on expensive high-quality perovskite substrates, the amorphous films can
be deposited on any industrially attractive substrates such as glass, quartz or silicon, which
provides a serious technical advantage. The presented results evidence that a local film
heating plays an important role in the observed photoresistive response. Any noticeable
excitation of the electronic states by visible and infra-red light was not observed for the
studied epitaxial and amorphous NdNiO3 films in the room temperature range. This im-
portant outcome should prevent further speculations in the field of nickelate research and
indicate challenging directions for further development of these perovskite materials.
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Appendix A

Figures A2a and A3a present the resistivity as a function of temperature for other
tested epitaxial films of NNO and LNO deposited on LSAT or LAO. All these films have
metallic resistive behavior at room temperature. Only another NNO film on LSAT of 20 nm
thickness demonstrates a similar MIT behavior as the reference epitaxial film considered
in the main text (compare Figures 2a and A2a). The rest of the tested films do not display
MIT above −190 ◦C, which is common for these materials and substrates [6–9]. Blue light
illumination with the reference optical power 0.8 W (~0.4 J·mm−2 energy density) results
in a comparable increase in the film resistivity by 5–8% (compare Figures 3a, A2b and A3b).
Figure A4a presents the resistivity as a function of temperature for tested epitaxial films of
SNO deposited on LSAT or LAO. All SNO films demonstrate insulating behavior at room
temperature with a lower resistivity drop and increasing temperature as compared to the
amorphous NNO film (compare with Figure 2b). This results in a lower photoresistivity
drop ~20%, as illustrated by Figure A4b. Table A1 compares the magnitude of the observed
photoresistive effect for all tested films at room temperature under the reference blue light
illumination with ~0.4 J·mm−2 energy density.
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Figure A1. Percentage change of the resistivity at lighting by the blue laser on the epitaxial NNO film. (a) Optical power is
set to 0.8 W, whereas the durations of the light pulse are varied as 1, 2, 3, 4, 5, 7 and 10 s. (b) Optical power is set to 1.2 W,
whereas the temperature controller holds the temperature at 26 ◦C or does not operate. The reversible resistivity changes at
the active controller are shown by blue dashed line. In the latter case, an additional increase in the resistivity shown by
black line is accompanied by heating of the sample stage (reading of the inbuild thermocouple is shown by red line and
referred to the right ordinate axis).

It is worth noting that the data presented in Figures A2b and A3b were obtained in
a simpler mode than those in Figure 3. Here the illumination was applied by supplying
a constant current to the laser diode. The disadvantage of this simple method is that the
diode is heated by ~5–7 ◦C during the first few minutes after the current supply, which
is accompanied by a loss in the emitted optical power. This causes small initial leaps
in the photoresistive profiles. During ~100 s, the laser temperature stabilizes together
with the emitted power, which was checked by the optical power meter. Additional
experiments were performed where the stabilized laser beam is chopped mechanically
(dashed profiles in Figures A2b and A3b). The photoresistive changes obtained at periodical
15-s illumination, including all data presented in the main text, were measured using the
stabilized laser, whose beam was chopped by a half-disk shutter attached to a stepping
motor.
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Figure A2. (a) Resistivity temperature dependence for other tested NNO films: two 20-nm thick films deposited on LSAT
and LAO and a 120-nm thick film on LAO. (b) Percentage change of their room-temperature resistivity at periodical 60-s
illumination by the blue laser at optical power 0.8 W.
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Figure A3. (a) Resistivity temperature dependence for other tested LNO films: two films deposited on LSAT with thicknesses
20 and 80 nm as well as a 120-nm thick film on LAO. (b) Percentage change of their room-temperature resistivity at long-term
illuminations by the blue laser at optical power 0.8 W.

By analyzing Table A1 in general, it is evident that the magnitude of the photoresistive
change can be tuned by a proper manufacturing of the sensitive film structure with defined
values of the resistivity and its derivative dρ/dT. However, the thermal factors, namely
optical absorption and heat removal, prevail. The absorption factor of the dark perovskite
films is high: ~80% for the thin 20-nm films and >90% for the thicker films (see Figure 1e).
This determines a higher heating of the thicker films. A lower heating of the films on LAO
is caused by its twice bigger thermal conductivity 10 W/m·K as compared to that of LSAT:
5.1 W/m·K. It is also proved by smaller slopes k of the linear fits ∆T(Popt) in Figure A6:
21.7 and 27.6 ◦C/W, respectively, for the blue light (20.1 and 24.1 ◦C/W for the infra-red
illumination). The corresponding ratios k/α are 28.2 and 32.1 ◦C/W, which is very close to
a half of that value obtained for the NNO film on LSAT (see Table 1).

Coatings 2021, 11, x FOR PEER REVIEW 12 of 14 
 

 

  

(a) (b) 

Figure A4. (a) Resistivity temperature dependence for other tested SNO films: two 20-nm thick films deposited on LSAT 
and LAO and a 120-nm thick film on LAO. (b) Percentage change of their room-temperature resistivity at long-term illu-
minations by the blue laser at optical power 0.8 W 

Table A1. Photoresistivity parameters for all tested films at T = 26 °C and the reference blue light illumination of 0.8 W 
power: percentage changes of the resistivity Δρ, the measured absorption factors α of the film-substrate stacks, resistivity 
values ρ, derivatives dρ/dT and estimated rises of the film temperature ΔT. 

Film NNO LNO SNO 
Substrate LSAT LAO SiO2 LSAT LAO LSAT LAO 

Thickness, nm 20 80 20 120 80 20 80 120 20 20 120 
Δρ, % 7.7 7.7 4.7 7.4 −55 7.8 8.5 5.1 −24 −13.4 −18 
α, % 83.7 91.8 77.2 96.5 52.8 79.8 92 96.2 80.3 71.9 86 

ρ, mΩ·cm 0.277 0.6 0.21 0.34 106 0.4 0.61 0.76 25.2 22.3 99.5 
dρ/dT, µΩ·cm/K 0.61 1.1 0.57 0.88 −36·106 0.88 1 1.3 −231 −172 −731 

ΔT, °C 36 42.7 17 29 25 35 50 30 35 20 25 
 

  
(a) (b) 

Figure A5. Percentage change of the resistivity for NNO films on (a) LSAT and (b) SiO2 substrates at fixed temperature T 
= 26 °C and long-term illumination by different lasers at optical power 0.1 W (except the green laser, which maximal power 
is 85 mW). 

-200 -100 0 100

100

1000

 20-nm SNO on LSAT
   20-nm SNO on LAO
 120-nm SNO on LAO

T (°C)

ρ 
(m

Ω
⋅c

m
)

0 100 200

-20

-10

0

Δρ
 (%

)

t (s)

 20-nm SNO on LSAT
   20-nm SNO on LAO
 120-nm SNO on LAO

0 50 100 150 200
0

1

Δρ
 (%

)

t (s)

 blue 447 nm - 0.1 W
 green 520 nm - 85 mW
 red 660 nm - 0.1 W
 infrared 808 nm - 0.1 W

0 50 100 150 200

-10

-5

0

 blue 447 nm - 0.1 W
 green 520 nm - 85 mW
 red 660 nm - 0.1 W
 infrared 808 nm - 0.1 W

Δρ
 (%

)

t (s)

Figure A4. (a) Resistivity temperature dependence for other tested SNO films: two 20-nm thick films deposited on LSAT
and LAO and a 120-nm thick film on LAO. (b) Percentage change of their room-temperature resistivity at long-term
illuminations by the blue laser at optical power 0.8 W.
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Table A1. Photoresistivity parameters for all tested films at T = 26 ◦C and the reference blue light illumination of 0.8 W
power: percentage changes of the resistivity ∆ρ, the measured absorption factors α of the film-substrate stacks, resistivity
values ρ, derivatives dρ/dT and estimated rises of the film temperature ∆T.

Film NNO LNO SNO

Substrate LSAT LAO SiO2 LSAT LAO LSAT LAO

Thickness, nm 20 80 20 120 80 20 80 120 20 20 120

∆ρ, % 7.7 7.7 4.7 7.4 −55 7.8 8.5 5.1 −24 −13.4 −18

α, % 83.7 91.8 77.2 96.5 52.8 79.8 92 96.2 80.3 71.9 86

ρ, mΩ·cm 0.277 0.6 0.21 0.34 106 0.4 0.61 0.76 25.2 22.3 99.5

dρ/dT,
µΩ·cm/K 0.61 1.1 0.57 0.88 −36·106 0.88 1 1.3 −231 −172 −731

∆T, ◦C 36 42.7 17 29 25 35 50 30 35 20 25
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Figure A5. Percentage change of the resistivity for NNO films on (a) LSAT and (b) SiO2 substrates at fixed temperature
T = 26 ◦C and long-term illumination by different lasers at optical power 0.1 W (except the green laser, which maximal
power is 85 mW).
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Figure A6. Estimated temperature increments as functions of the optical power for all light wavelengths with the corre-
sponding linear fits for (a) the 20-nm thick NNO and (b) the 120-nm thick SNO films on LAO.
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Table values of the heat capacity and the density (0.57 and 0.733 J/g·K as well as 6.74
and 2.65 g/cm3 for LSAT and quartz, respectively) are taken to estimate a heating of the
isolated substrates of 3.2 × 10 mm size in the main text.
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