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Aluminum-doped zinc oxide (AZO) is a transparent conductor 
that can be used in thin film form as transparent electrode 

of electro-optical devices. For most of actual applications, a 
large conductivity is required on large surface areas. The rapid 
growth of transparent electronics and electro-optical devices 
on flexible supports calls for the development of methods 
that enable the synthesis of transparent conducting films 
without thermal assistance while keeping high electrical and 
optical performances. Magnetron sputtering has emerged as a 
reference method for the synthesis of AZO films. It is particularly 
due to, its scalability to industrial scale. Unfortunately, AZO films 
usually produced without thermal assistance using magnetron 
sputtering tend to a strong inhomogeneity of the electrical 
properties with a large sensitivity to the process parameters 
(composition of the gas phase, geometry of the experiment). 
This presentation first highlights the interest of high power 
impulse magnetron sputtering (HiPIMS) to synthesize AZO films 
of high electronic conductivity on large surface areas and without 
thermal assistance. Electronic structure measurements using 
X-ray absorption spectroscopy evidence a correlation between 
the distribution of the electrical behavior and dopant activation/
inactivation. A deactivation mechanism, complementary to the 
well-known compensation of dopants, is proposed in the case 
of conventional sputtering. A model explaining the minimization 
of the deactivation amplitude is proposed in case of HiPIMS. In 
a second part we will show how the electrical properties of AZO 
films degraded after long term exposure to ambient moisture 
can be restored by low temperature thermal annealing and how 
thermal assistance during growth can prevent degradation upon 
exposure to ambient moisture. Finally, self-nanostructured AZO 
films could be obtained using HiPIMS under certain conditions 
and their interest for flexible electronics is highlighted.
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Among multifunctional materials magnetoelectric 
multiferroics are a special class with coupled ferromagnetic 

and ferroelectric orders. They are particularly appealing because 
they not only show the characteristic of the single ferroic 
orders where the electric field E, magnetic field H, and stress σ 
control the electric polarization P, magnetization M, and strain 
ε, respectively, but also because interactions between them 
lead to additional functionalities. Therefore in a magnetoelectric 
multiferroic, H may control P or E may control M. In composite 
materials the electric and magnetic degrees of freedom are 
located in different components and are interfacially coupled 
to each other. Several applications, including magnetic sensors, 
high-frequency inductors, memory devices, and high-frequency 
signal processing devices, (very high-density memory storage 
media) have been proposed and demonstrated. Nanopowders 
are mainly synthesized by solid state synthesis, coprecipitation, 
hydrothermal and sol-gel methods and the magnetic properties 
vary by changing the processing parameters and/or the 
stoichiometry. The magnetostrictive and piezoelectric materials 
used as constituents of magnetoelectric (ME) composites are 
ferromagnetic oxides, including ferrites like cobalt ferrite (CFO), 
manganites, 3d-transition metals/alloys for the magnetic phase 
and lead zirconate titanate (PZT), barium titanate (BTO), or lead 
magnesium niobate-lead titanate (PMN-PT) for the ferroelectric 
phase. Bulk and thin or thick film structure are produced where 
the connectivity of the phases plays a critical role; and the 3-0 
type particulate structure, 2-2 type laminate structure and the 
1-3 type cylinder matrix are the most frequently investigated. 
The influence of the processing on the microstructure and 
final properties is shown for PZT-CFO particulate and laminate 
composites with focus on the role played by the milling and 
densification treatments that allow producing high- and low-
coercivity nanosized cobalt ferrite nanoparticles and fully dense 
composites.
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There has been growing interest in nanoparticles for tribological 
applications over the past 20 years. Studies have shown the 

remarkable lubricating properties, viz., friction-reducing and 
anti-wear, of these small objects. This makes them potential 
candidates for replacing the molecular lubrication additives 
currently used in automobile lubricants, known to be pollutants 
and less efficient in some specific conditions. This has not 
gone unnoticed to the oil companies and the car manufacturers. 
All of them are faced with the problem of providing lubricants 
that meet the needs of the technological evolution of engines 
while respecting ever stricter environmental norms. Among the 
nanoparticles with proven tribological performance are carbon 
nanotubes and onions, boron nitride nanoparticles, and inorganic 
fullerene-like (IF) metal disulfides (IF-MoS2, IF-WS2). The latter 
exhibit the best friction-reducing and anti-wear properties 
ever observed. These nanoparticles have been the subject of 
detailed investigation in the lab for more than fifteen years now, 
and during this time, many key issues have been tackled, such 
as the conditions leading to these properties, the lubrication 
mechanisms coming into play, and the influence of parameters 
such as size, structure, and morphology of the nanoparticles on 
their tribological properties and the lubrication mechanisms. 
These years of research have given us a good understanding of 
the way these nanoparticles behave, and we can now identify the 
key parameters to be adjusted when optimizing their lubrication 
properties. During this presentation the performance and the 
lubrication mechanism of the metal disulfide nanoparticles will 
be presented and we will see how to move from the nanoparticle 
to the development of new highly efficient nanolubricants for 
automotive applications (engine and gearboxes).

Figure 1: Lubrication mechanism of the inorganic fullerene-like metal 
disulfide nanoparticles.
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Large reversible changes of the electronic transport properties 
of solid-state oxide materials induced by electrochemical 

fields have received much attention as a new research avenue 
in iontronics. The action on time-dependence of conductive 
modulation is slower. Despite the slow modulation, the 
emergence of non-linear, plastic and/or memristive behaviors 
provides an opportunity to obtain new abilities in information 
processing, like signal flow in brain, in addition to sensing 
and energy devices. In this conference, dramatic transport 
changes in VO2 nanowires were demonstrated by electric field-
induced hydrogenation at room temperature. As a suitable 
device structure to perform transport modulation through 
electrochemical reactions, we proposed a planar-type field effect 
transistor with side gates and a nanowire channel separated by 
air nanogaps (denoted PG-FET), as illustrated in Figure 1. This 
unique structure allowed us to investigate hydrogen intercalation 
and diffusion behavior in VO2 channels with respect to both time 
and space. Figure 2 shows the reversible, non-volatile resistance 
changes in a VO2 nanowire channel with a width (w) of 500 nm 
obtained by applying positive and negative VG at 300 K under 
a humidity of around 50%. The normalized resistance (R/R0, 
where R and R0 are the measured resistance and resistance of 
the pristine device before applying a VG at 300 K, respectively) 
slowly decreased down to the saturation line at roughly R/R0 = 
0.75 during the application of VG = +100 V. This state was held 
after the removal of the VG. Namely, the device exhibited a non-
volatile memory effect. The R/R0 increased again with applying 
VG = -100 V. Our results will contribute to further strategic 
researches to examine fundamental chemical and physical 
properties of devices and develop iontronic applications, as well 
as offering new directions to explore emerging functions for 
sensing, energy, and neuromorphologic devices combining ionic 
and electronic behaviors in solid-state materials.
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Single-molecule sequencing methods have been developed to 
analyze DNA directly without the need for amplification. Here, 

we present a new approach to sequencing single DNA molecules 
using atomic force microscopy (AFM). In our approach, four 
surface-conjugated nucleotides were examined sequentially 
with a DNA polymerase-immobilized AFM tip. By observing 
the specific rupture events upon examination of a matching 
nucleotide, we could determine the template base bound in the 
polymerase’s active site. The subsequent incorporation of the 
complementary base in solution enabled the next base to be 
read. Additionally, we observed that the DNA polymerase could 
incorporate the surface-conjugated dGTP when the applied force 
was controlled by employing the force-clamp mode. MicroRNAs 
(miRNAs) play key roles in controlling various cellular processes, 
and the expression levels of individual miRNAs can be 
considerably changed in pathological conditions such as cancer. 
Accurate and precise quantification of miRNA at the single-cell 
level will lead to a better understanding of miRNA function. Here, 
we present a direct and sensitive detection method for a specific 
miRNA using AFM. A hybrid binding domain (HBD)-tethering tip 
enabled mature miRNAs to be located individually on an adhesion 
force map. By scanning several sections of a micron-sized DNA 
spot, we were able to quantify the copy number of miR-134 
from a single neuron and demonstrated that the expression was 
increased upon the cell activation. Additionally, we visualized 
individual miR-134s on fixed neurons after membrane removal 
and observed 2-4 miR-134s in the area of 1.0x1.0 ‐m2 of soma. 
The number increased to 8-14 in stimulated neurons, and this 
change matches with the ensemble-averaged increase in copy 
number.

Figure 1: Three steps for the single DNA sequencing with AFM
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