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Abstract:

Nanosheets (NS) provide an innovative method for growing perovskite thin films on 
diverse substrates like glass and silicon, serving as germination seeds and offering a 
cost-effective alternative to expensive monocrystalline substrates. According to the NS 
transfer process onto the substrate, more than 85-90% of the substrate is covered. 
However, a small fraction of the perovskite film grows directly on the substrate. This 
raises several questions: Is the perovskite film grown on glass conductive? How does 
the NS network influence electrical properties at macroscopic and submicron scales?

To address these questions, we investigated the impact of thickness on the transport 
properties of transparent conductive SrVO3 vanadate deposited on glass coated with 
[Ca2Nb3O10]- nanosheets (CNO NS). Macroscopic measurements revealed 
significant degradation of transport properties at thicknesses below 15 nm. In-plane 
local electrical properties were examined using Scanning Spreading Resistance 
Microscopy. Our findings indicate that local transport remains nearly constant when 
SrVO3 is grown on NS, while a strong thickness dependence is observed when SrVO3 
is directly deposited on glass. These results contribute to a better understanding of the 
growth process, the integration of functional oxides on NS and open new perspectives 
for tuning the properties of vanadate films as transparent electrodes. 
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1. Introduction

The use of nanosheets (NS) as seed layers for the growth of thin films is a relatively 
recent and modern approach. In particular, oxide NS have been suggested to induce 
crystallinity and control the orientation of complex oxide films [1]. This particular 
attention to NS is due to their large diversity, cost-effective production, low thickness 
at the nanometer scale, and their ability to be deposited on any substrate at room 
temperature and ambient air. For instance, NS have been employed  to control the 
uniaxial orientation of oxide thin films such as ZnO, anatase TiO2 [1], or perovskite 
oxides like paramagnetic SrTiO3 [2] , piezoelectric Pb(Zr0.52Ti0.48)O3 [3], dielectric Ba1-

XSrXTiO3 [4], conductive and ferromagnetic SrRuO3 and La0.67Sr0.33MnO3 [5],[6], on 
glass or silicon, leading to properties comparable to films grown on monocrystalline 
substrates [4],[7].

In this type of heterostructures, the film exhibits local epitaxy on the NS and a 
crystallographic texture at the macroscale. However, due to the random in-plane 
distribution and orientation of the NS when deposited on the substrate, film defects can 
be introduced such as grain boundaries and/or differences in crystalline qualities 
between the different film parts: the one deposited on NS and the one directly 
deposited on glass. The presence of these defects, considered as diffusion centers, 
could strongly influence the macroscopic transport properties of conductive 
perovskites [6]. Additionally, the coverage rate of the substrate with the NS is another 
parameter affecting the electrical properties of the film: a high coverage rate (> 90%) 
ensures a good percolation between the NS, leading to improved connectivity for the 
charge carriers and therefore enhancing the conductivity of the textured film grown on 
top of the NS. Nevertheless, the properties of the perovskite film directly grown on 
glass, i.e. in the areas that are not covered by NS (< 10%) remain an open question 
and could significantly influence the overall properties of the thin film. 

In this framework, we have chosen SrVO3 (SVO), a well-adapted perovskite, to study 
this phenomenon since it is a conductor in its crystalline state and can be used as 
electrode [8]. SVO possesses a cubic perovskite structure with a lattice parameter a = 
0.384 nm [9]. This one is close to the 2D in-plane square lattice parameter of 
[Ca2Nb3O10]- - nanosheets (CNO-NS)  (aNS = 0.385 nm) [10], leading to a small lattice 
mismatch (-0.34%). Not only used as electrode, SVO has recently shown to be a new 
Transparent Conductor Oxide (TCO) [11],[12],[13] with interesting properties and can 
be a serious alternative to indium-tin oxide (ITO). SVO is a correlated metal, presenting 
high carrier concentration (up to 1022 cm3), at least one order of magnitude higher than 
ITO, which is limited by dopants solubility and self-compensation [14],[15]. 

Therefore, in this work, we aim to study the influence of the thickness on the electrical 
conductivity of textured SVO films grown on glass substrates using CNO-NS as 
template or, at least, as germination centers. According to the macroscopic 
characterizations (structural and transport properties), the films thickness strongly 
influences the electronic conduction. Additionally, the role of conductivity of the 



              

3

vanadate films on NS and bare glass is highlighted by means of advanced electrical 
atomic force microscope (AFM) measurements in Scanning Spreading Resistance 
Microscopy (SSRM) mode. This work constitutes a step towards the integration of 
vanadates with NS in devices and their practical applications.

2. Experimental part:

[H1-yTBAy]+[Ca2Nb3O10]- (TBA: TetraButylAmmonium), in what follows noted more 
simply [Ca2Nb3O10]- (CNO) nanosheets were prepared as described in our previous 
work [12]. A monolayer of CNO-NS  was deposited on two side-polished Eagle XG 
Corning® glass substrates by unconventional drop casting technique [16]: 120 µL of 
the CNO solution was diluted into 600 µL of ethanol with 15 mL of ultrapure H2O. A 70 
µL drop of this suspension was loaded with a pipet on the substrate heated at 100°C, 
and immediately removed by the pipet. The NS covered substrate was then exposed 
to UV for 30 min, and then set in an oven at 110°C for 1 hour. The coverage rate of the 
substrate by CNO-NS (Pcoverage) is calculated from the average of five AFM 
topography scans taken on different parts of each film (see figures S2 and S3 in 
supplementary information (SI)), with values varying from 86 to 92 %. This value is in 
accordance with the previous investigations [12], and comparable for all films. SVO 
thin films were grown on these prepared substrates from a homemade Sr2V2O7 target 
by pulsed laser deposition at 500 °C under base pressure (10-6 mbar) to avoid 
overoxidation of the vanadate phase. Films of SVO with a thickness of 11, 21 and 46 
nm were grown. After a previous calibration, a 2 nm thick LaAlO3 (LAO) amorphous 
protective layer was deposited on the top of the SVO films under the same conditions 
at 150 °C. The role of this capping layer is to prevent the oxidation of the deposited 
vanadate films.

Structural properties of SVO thin films were investigated by X-ray diffraction (XRD, 
Bruker D8 Discover) using Cu Kα1 radiation (λ = 1.5406 Å) in Bragg-Brentano 
configuration with 7s/step and steps of 0.01°, and X-ray reflectometry (XRR) 
configuration for the thickness measurements. The error calculation of the thickness is 
detailed and given in the supplementary information. 

The resistivity measurements were carried out by means of four-probe technique (i.e. 
macroscopic approach) using a Physical Properties Measurement System designed 
by Quantum Design. The Van der Pauw configuration was used for all films at 300 K. 
Hall measurements were conducted in the same temperature range, by applying a 
magnetic field perpendicular to the sample surface (-9 to 9 T) to determine both the 
carrier density and mobility.

Electrical properties of the films were also investigated by variable angle spectroscopic 
ellipsometry (SE), using a J. A. Woollam M2000XI in the UV- to IR- range (UV-vis-NIR) 
from 0.7 to 5.9 eV (0.211 to 1.700 µm) and a J. A. Woollam IR-Vase Mark II in the IR 
range from 0.04 to 0.7 eV (1.7 to 40 µm). Measurements were conducted at different 
incident angles (55°, 65° and 75°) to determine the ellipsometric angles Ψ and Δ. The 
UV-vis-NIR and IR data were then combined and analyzed concomitantly using the J. 
A. Woollam Company's Complete EASE software. A pristine glass substrate served as 
a reference for all measurements.

The films surface morphology was investigated using a Bruker Dimension ICON AFM 
operating in peak force mode. Additionally, AFM Scanning Spreading Resistance 
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Microscopy (SSRM) mode was used to probe the submicronic electrical properties. In 
this experiment, an antimony (n)-doped silicon probe coated with a diamond layer is in 
strong contact with the sample's examined surface during the measurement process. 
For this, the probe's spring constant is 42 N/m and the scan rate is 0.5 Hz. In SSRM 
mode, the local current (at each pixel of the scan) is recorded for a fixed electrical bias 
of 500 mV DC (see Supplementary Information part 6). This current flows from the 
conductive tip through the sample to the silver paste side contact. This contact 
configuration is particularly well adapted to check the in-plane interconnectivity of SVO 
deposited on CNO-NS or glass. A logarithmic current amplifier is used to determine 
the total equivalent resistance, which includes the conductive tip resistance, the 
spreading resistance of the material under the contact, the bulk resistance of the thin 
film and the CNO-NS (the substrate being insulating), and the side-contact resistance 
[17],[18].

3. Results and Discussion

Structural properties:

The thickness of the deposited SVO thin films was determined using XRR 
measurements. The period of the thickness oscillations is varying with the thickness 
(see figure 1a). The respective thicknesses of the films were determined to be 11 nm, 
21 nm and 46 nm by the analysis of the oscillation period. It is important to note that 
only oscillations attributed to the vanadate layer are perceptible. The amorphous LAO 
layer and the [Ca2Nb3O10]- - nanosheets (CNO-NS) seed layer are both too thin to 
exhibit oscillations [12]. 

The crystalline structure of the films was investigated with XRD in θ-2θ configuration. 
The patterns are shown in figure 1b. All the films reveal a significant texture in the out-
of-plane direction, with only the 001 and 002 reflections present in the limit of detection 
of the XRD in this configuration[12], [13]. As expected, the intensity of the reflections 
increases with the film thickness due to a larger interacting volume with the X-rays. 
The extracted values of the out-of-plane lattice parameters (0.391 nm) are slightly 
higher than the bulk value (0.384 nm), which can be attributed to a small oxygen or 
cations off-stoichiometry [19] (see figure S1).
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Figure 1:  Structural properties of vanadate thin films: (a) XRR of SVO thin films deposited on 
glass substrates with a CNO-NS seed layer, used to determine the film thickness, (b) θ-2θ 
XRD patterns of SVO films with different thicknesses. 

Macroscopic transport properties:

Two different methods were used and compared to investigate the impact of the film 
thickness on the transport properties of SVO thin films: direct current (DC) electrical 
measurements and optical measurements. The latter is based on SE at room 
temperature, by calculating the complex dielectric function ɛ(ω) = ɛ1(ω) + ɛ2(ω). It is 
important to note that optical measurements examine the free electrons motion at short 
length scales within the crystalline grains (typically few nanometers at visible 
wavelengths), whereas DC measurements examine the long-range conductivity 
throughout the whole film (i.e. film deposited on CNO-NS or directly on glass, grain 
boundaries,…).

Figure 2: Thickness dependent optical and DC transport properties of vanadate thin films at 
300 K. (a) to (c) resistivity, carrier density, and carrier mobility as a function of SVO films 
thickness ranging from 11 to 46 nm. The red curves represent the values extracted from the 
SE measurements (optical) and the blue curves refer to the ones calculated from the DC 
macroscopic measurements. The errors bars are given with the fine lines in red and blue.

The evolution of the macroscopic DC and optical resistivity values at T = 300 K as a 
function of film thickness is shown in figure 2a. The obtained resistivity values for the 
46 nm film coincide very nicely and  are coherent with previously reported values on 
CNO-NS [12],[20], demonstrating the excellent conduction behavior of the SVO thick 
film. Moreover, these values evidence both negligible grain boundaries scattering as 
well as a good overall geometrical connectivity between conducting grains even those 
grown on glass (gaps between NS).

On the contrary, while decreasing the thickness, both measurements reveal an 
increase of the resistivity, indicating a lower film quality or a poor grain connectivity for 
thinner films. One possibility of this effect could be the relatively low deposition 
temperature (500 °C), which can slow down the crystalline ordering dynamics: the 
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thicker films undergo a longer time at high temperature due to the longer deposition 
time, hence leading to an improved crystallinity. Another possibility is an increased 
defect concentration in grains or grain boundaries at lower film thickness. However, 
the local epitaxial grain-on-NS growth [12] should stabilize high quality crystallization 
even in very thin films. Thus, the resistivity decrease in our case cannot be only 
explained by these hypotheses.

Interestingly, the macroscopic DC resistivity (long-range conductivity through the film) 
increases much more rapidly with decreasing film thickness than the optically derived 
resistivity (short-length scale). Therefore, we should take into account the “on glass” 
SVO (referring to SVO grown on uncovered areas with CNO-NS) regions of the film 
and the grain boundaries, which may have a stronger influence at low thickness 
compared to the thickest film, where both macroscopic DC and optical resistivity values 
coincide. The grain boundaries density should remain constant with thickness, 
considering an almost constant coverage rate. Thus, the observed macroscopic DC 
resistivity decrease would rather be a sign of a better conduction in the “on glass” SVO 
regions and in the grain boundaries.

A general increase of the free carrier density N (Figure 2b) and their mobility µ (Figure 
2c), is observed with the increase of the film thickness, confirming the higher quality of 
the thickest film’s grains. Again, the DC values tend to increase more strongly with the 
film thickness than the optically derived values. Concerning N, both the DC and optical 
values obtained for the 46 nm thick film are close to the theoretical value of 1.76 x 1022 
cm-3 for one electron per unit cell of SVO [11]. Thus, “on glass” SVO regions seems to 
be more electrically perturbed for thin films than for thicker ones. As a result, these 
areas of the film become a source of charge carriers at high film thickness. Both (DC 
and optical) mobility values measured for the 46 nm thick film are comparable with 
previous studies [12],[20]. 

Due to the epitaxial growth of the SVO on the individual CNO-NS and a similar NS 
coverage rate of the substrate before deposition, these observations rise some 
questions about the correlation between the film thickness and the influence of the 
connectivity between the SVO grains. However, based on macroscopic 
measurements, it is not possible to gain more insights. Therefore, a submicronic 
analysis of the electrical properties, discriminating between the grain regions, the grain 
boundary regions, and the film region deposited on areas uncovered by CNO-NS is 
needed to investigate the variation of the local electrical properties.

Submicronic investigation of transport properties:

Firstly, surface morphologies of the deposited vanadate thin films were determined 
using AFM microscopy in peak force tapping (scanAsyst) mode. Figure 3 presents the 
acquired 4 x 4 µm2 topography images for the different SVO film thicknesses. The 
lateral size of the NS varies from 100 nm to 1 µm. The thin films were deposited on the 
glass support covered by CNO-NS, the majority of which are juxtaposed. In some 
areas of the substrate, a superposition of CNO-NS is observed (bright color in figure 3 
a, b and c), caused by the drop casting deposition process. Nevertheless, it should be 
noted that regardless of the high coverage rate, the sample surface shows areas 
without CNO-NS, where the film is directly deposited on glass. For each SVO 
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thickness, namely 11, 21 and 46 nm in figure 3 a-b-c respectively, some profiles from 
these areas were extracted and reported in figure 3 d-e-f, respectively. For all the 
different thicknesses, the height difference between these two areas is about 1.4 nm, 
corresponding roughly to a single CNO-NS thickness (not shown here), showing a 
conformal film deposition all over the substrate independently of the presence or not 
of the CNO-NS. 

Moreover, these profiles reveal the presence of a thicker region at the nanosheet edge, 
when located at the CNO-NS/glass border. These bumps are present for all the films 
and tend to increase with film thickness, from 2 to 6 nm (see profiles in figure 3d-e-f). 
It is to note that this phenomenon is absent when the CNO-NS are directly adjacent 
(see figure S8). This suggests that the bump is the result of good wettability of the SVO 
on the CNO-NS, which leads to an accumulation of material during film growth when 
an CNO-NS/glass boundary is present. It can be noted that this phenomenon is almost 
absent when two CNO-NS are side by side. Moreover, if we consider the topography 
profiles as a function of the thickness of the deposited film, it confirms that the growth 
of the SVO film is of the layer-by-layer type on CNO-NS and island-like on glass. A 
comparison of the roughness of the SVO film grown on CNO-NS and SVO directly 
deposited on glass (see section 5 in SI) shows that the roughness on NS remains 
constant for the different thicknesses (except at the edge) whereas the roughness of 
the SVO deposited directly on glass tends to increase with the thickness. This result 
confirms that “on NS” film growth is a 2D process, allowing for the above considerations 
about the local epitaxial growth, whereas the growth on glass tends to be a 3D one 
with an increase of the roughness with the thickness. By considering a 2D growth 
process on CNO-NS, the edge of nanosheets surrounded with SVO directly on glass, 
tends to break the layer-by-layer growth and leads to an accumulation of matter, which 
can play a role in the grain boundary crystallinity.   

 

Figure 3: (a), (b) and (c) 4 x 4 µm2 AFM image of SVO thin films with different thicknesses 11, 
21, 46 nm respectively. (d), (e) and (f) are the height profiles extracted from (a), (b) and (c) 
respectively with the forward scan (F) and backward scan (B), as indicated by the white arrows. 
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To investigate transport properties, local electrical measurements were conducted 
using the AFM SSRM mode. This scanning probe microscopy technique uses a 
conductive probe in contact mode. A 500 mV DC voltage is applied to the tip while 
scanning, and the sample resistance is then measured through a logarithmic amplifier 
after two scans to ensure that the LAO insulator capping layer has been removed 
[21],[22]. In figure 4a and b, the simultaneously recorded topographic and resistance 
(in logarithmic scale) maps are presented for all films, respectively. A specific focus is 
made on areas of the film directly grown on glass, noted with mark 2 on the images. 

Figure 4: (a) Topography and (b) SSRM maps (2.5 x 2.5 µm2) on SVO samples with different 
thicknesses. The numbers on the topography images indicate areas of the film grown on NS 
(1) and others directly grown on glass (2). (c) Resistance distributions in the scanned areas 
for the three thicknesses.

Interestingly, for the thinnest films of SVO, ”on glass” areas (2) present much higher 
resistances than those ”on NS”, while for the thickest film, almost no difference 
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between the two areas is observed (see figure 4b) indicating that grain boundaries only 
weakly perturb the electrical transport process. 

Furthermore, for each image, the evolution of the resistance distribution for the two 
different regions were extracted and shown in figure 4c. It displays the mean resistivity 
values of each area (“on glass” and “on NS”) as a function of the film thickness, 
together with the resistivity distribution percentage. It must be noticed that a 
quantitative resistance value is difficult to obtain since with the SSRM technique, a 
series of resistance is measured, including the contact resistances [17],[18]. 
Nevertheless, a qualitative analysis reveals that for all the films, the mean resistance 
value is almost the same for SVO grown on CNO-NS (around 105 Ω). This value is 
consistent with typical SSRM values reported for SVO [17], but even more, it confirms 
the high quality crystalline growth on the CNO-NS even for the thinnest film. 
Furthermore, for this thinnest film, the resistance value distribution presents two clear 
contributions: one corresponding to “on NS” – SVO, and another corresponding to “on 
glass” – SVO with a difference of five orders of magnitude (black curve in figure 4c). In 
comparison with the other thicknesses, this analysis shows that the mean resistance 
of the ”on glass” areas is decreasing with the increase of the film thickness and, finally, 
merges the “NS” distribution for the thickest film. Therefore, the SVO directly grown on 
glass presents a strong improvement of the conductivity with thickness, explaining the 
macroscopic transport measurements.

Such an evolution of electrical properties of the SVO film directly deposited on glass 
might be an indicator of the crystalline state of SVO for the thickest films, as this 
material is not conducting in the amorphous state [23]. The observed decrease of the 
resistivity with the film thickness for the “on-glass” areas should translate therefore an 
evolution from an amorphous or conductive isolated islands to a continuous crystalline 
SVO phase. The 3D growth process observed in these areas underlines the 
spontaneous crystallization process, i.e. without structural template, which is known to 
be thermodynamically more complicated than epitaxial crystallization using a growth 
template. Therefore, we can expect that the increase of the film thickness leads to the 
presence of crystalline seeds which are at the origin of a 3D crystallization process for 
SVO directly deposited on glass as shown in SI (see section 5). When the film 
thickness is increased from 11 to 21 nm, the “on glass” – SVO can no more be 
considered as insulator but still exhibits a higher resistivity value compare to “on NS” 
– SVO. These results confirm that, for 21 nm, the crystallization process has already 
started and that the SVO islands are all connected to each other through resistive grain 
boundaries. The “on glass” – SVO crystallization process is confirmed for the thickest 
film (46 nm) when the resistivity is almost homogenous independently of the substrate. 
Furthermore, the weak SSRM contrast at grain boundaries confirms good quality 
electrical interconnectivity between “on NS” – SVO grains and “on glass” – ones. In the 
case of 11 nm thick films, grown at a temperature only slightly higher than the 
crystallization temperature threshold [12], the thermal energy and the available matter 
are not enough to form stable, long range crystalline seeds for the film crystallization. 

This electrical change of the “on glass” – SVO regions, with varying thickness can also 
be interpreted within the framework of a random network of resistances which can 
provide a quantitative analysis of the transport properties. The thickness dependence 
of the local electrical response for SVO regions directly deposited on glass can be used 
to understand the discrepancies between transport measurements (𝜌𝐷𝐶) and optical 
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measurements (𝜌𝑂𝑝𝑡). As explained in the supplementary information of reference [12], 
the simplified Bruggeman model (Effective Medium Approximation, EMA) describes a 
network of 2D resistors. Using this model and by comparing optical and DC resistivity 
values, we can evaluate the connectivity of the crystalline network. In this model, the 
theoretical DC resistivity 𝜌𝐷𝐶  can be calculated from the resistivity of the crystallized 
phase 𝜌𝐶𝑟𝑦𝑠𝑡

𝐷𝐶 , by taking into account the fraction of the crystallized phase f of the film 
and the inter-grain connectivity L [24] : 

𝜌𝐷𝐶 =  𝜌𝐶𝑟𝑦𝑠𝑡
𝐷𝐶  

1 𝐿
𝑓 𝐿   (Eq. 1)

L takes a value of 0 for perfect electronic transport between the grains, and 1 in the 
case of absence of electronic transport. The value of f is given by the experimental NS 
coverage rate from the AFM measurements (Supporting Information). 

First, we analyzed the SVO film with a thickness of 11 nm. Indeed, the results obtained 
by near-field microscopy (SSRM) have clearly highlighted that, for such a SVO 
thickness, two phases co-exist: a conductive one (“on NS” – SVO) and an insulating 
one (“on glass” – SVO). The analysis of the inter-grain connectivity L may therefore 
reflect the change of the resistances of the SVO layer grown on glass. As seen in figure 
4 c (black curve), the difference between resistance values of these two co-existing 
phases is 5 orders of magnitude. Therefore, “on glass” SVO film can be approximated 
as not participating to the transport. In this case, we have two extreme resistance 
values allowing correct analysis using the EMA approach. In addition, for the 11 nm 
thick film, an intermediate connectivity is considered and L should be around  0.50 
(figure S43 in supplementary information of reference [12]). By considering a negligible 
grain boundary scattering (𝜌𝐶𝑟𝑦𝑠𝑡

𝐷𝐶 =  𝜌𝑜𝑝𝑡) and considering the coverage rate (see table 
S1 in SI), we can estimate the depolarization factor from equation 1 which can be 
estimated as L= 0.66 for 11 nm.

 Regarding the intermediate SVO film thickness (21 nm), SSRM analysis reveals that 
“on glass” parts of the film are not insulators, but are only less conductive than “on NS” 
ones with a resistance difference of 2 orders of magnitude (red curve in figure 4 c). 
Therefore, an analysis using EMA approach is not possible. 

It is important to note that above a critical thickness of SVO (21 nm < 𝑡𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑
𝑆𝑉𝑂  < 46 

nm), we no longer observe a bimodal distribution of the resistances measured by 
SSRM. Therefore, for tSVO = 46 nm, the contributions of the different SVO grains (“on 
glass” and “on NS”) to the resistivity are almost equivalent and allow us to consider a 
fraction of the crystallized phase almost equal (f ≈ 1) for conductive grains. Considering 
that both DC and optical resistivity measurement lead to the same value (opt ≈ DC), 
we can conclude that the connectivity is almost perfect (L ≈ 0) and that the role of the 
grain boundaries is negligible for “on glass” – 3D crystallized SVO and tSVO larger than 
𝑡𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑

𝑆𝑉𝑂 . This indicates very robust conduction in the SVO TCOs, allowing for low 
resistivity textured films.

Finally, the crystallization process of SVO directly on glass between the CVO-NS 
raises some questions and opens perspectives. Specifically, it would be interesting to 
examine and understand the mechanisms underlying the crystallization of the SVO 
directly on glass, whether it is induced by the proximity with the nanosheets used as a 
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seed layers [25] or is simply onset by the increase of thickness. For this, we conducted 
deposition of SVO directly on glass with different thicknesses (see Supplementary 
Information part 7). We also observed a 3D growth directly on glass with the SVO 
thickness and an increase of the resistivity when the thickness decreases confirming 
our first conclusions. Interestingly we can also conclude that the increase of thickness 
induces a spontaneous crystallization of the SVO with always a higher resistivity 
compare to the SVO on-NS for the same thickness, showing the importance of the 
nanosheet as seed layer. This approach is different compare to the one proposed by 
Taira et al. [25] , here we focused on one step SVO growth at low temperature (500 
°C) with high NS coverage (90%) more adapted for industrial constrains. Moreover, 
the results obtained at the submicron scale clearly highlight the importance of 
optimizing the coverage rate (ideally 100%) in order to improve the electrical properties 
of SVO films deposit on CNO-NS.

Conclusions

In conclusion, the nanosheets (NS) approach is a reliable method for producing high-
quality textured SVO films and opens a new perspective for the practical applications 
of this material as Transparent Conducting Oxide, especially in Complementary Metal 
Oxide Semiconductor based devices. Nevertheless, the electrical properties are 
strongly dependent on the SVO thickness, particularly impacted by the small fraction 
of the SVO film directly deposited on glass. For a film thickness of 11 nm, film areas 
deposited directly on glass show an almost insulating character. As the film thickness 
increases, the resistivity decreases due to the onset of “on glass” crystallization, 
leading to an improved connectivity between the SVO grains deposited on NS covered 
substrate areas, as demonstrated by the local electrical properties probed by AFM 
SSRM. A bimodal SSRM resistances distribution appears for thinner films. As the 
thickness is increased, these two distribution peaks merge in a centered distribution 
for SVO thickness between 21 and 46 nm. Three different techniques were used to 
explain transport properties: optical techniques, sensitive to the intra-grain properties, 
DC techniques, sensitive to the transport in grain boundaries or other perturbed areas, 
and SSRM ones. This last approach allows us to clearly identify local electrical 
properties and, combined with the two others, to disentangle even quantitatively the 
different contributions, and highlight the specific resistance behavior of the “on glass” 
– SVO film. These results can be also very useful to improve the physical properties of 
the textured films. If a higher coverage percentage (ideally 100 %) is achieved either 
by optimizing the conditions during the drop casting process or by using another 
nanosheets deposition technique, it would be possible to use ultra-thin films without 
suffering from a degradation of the transport properties. On the other hand, a much 
smaller coverage rate could be used for film thickness around or above 40 nm again 
avoiding the degradation of the transport properties.
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