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EDITORIAL

The Néel Institute sees its objectives as organised along three essential guidelines:
- high level fundamental research, including initiatives in "high risk” directions where
success is never guaranteed,
- commitment to training Ph.D. students, as well as undergraduate students,
- technological innovation and intellectual property transfer.

This issue #4 of the Néel Institute’s "Highlights” magazine illustrates these commitments.

We feature news about two successful European schools, a touch-sensitive nano-object manipulator
as an educational tool, new detectors for millimetre wave astrophysics, a contribution to Earth and
environmental science via basic research on hydrothermal fluids, in-vitro neuron networks on
semiconductor chips, rapid growth of deuterated crystals for the Megajoule Laser.

In addition, in the core areas of our expertise - highly ranked by the recent AERES evaluation committee -
“Highlights” 2010 features new breakthroughs for the Nanofab technology platform, automats for cryogenics
regulation, GaN quantum dots inserted in nanowires, permanent magnet microflux sources, a superconducting
single molecule transistor, together with leading research results in helium condensation in aerogels, quantum
phase-slips in a Josephson junction chain, radiative heat fluxes at sub-micron distances (greatly enhanced beyond
the classical Stefan-Boltzmann law), and not forgetting the always attractive thin-film diamond. Recognized as
a wide bandgap semiconductor for several decades, diamond has now achieving unprecedented performance in
terms of hole mobility and yielded a Schottky diode with breakdown voltage surpassing the magic 10 kV threshold.

2010is also the 40" anniversary of Louis Néel's Nobel Prize in Physics. The Néel Institute is honoured to host the cel-
ebration ceremony, which will take place October 20"-21* as a major event of Grenoble’s annual “Science Festival”
for this year. For the organization of the commemoration, the Institute has received the valuable support of the City
of Grenoble and the CCSTI Cultural Centre, and the enthusiastic participation of Joseph Fourier University, Grenoble
Institute of Technology (INP), the CEA, the ESRF and the ILL, Grenoble Université EPCS and GIANT.

In 2011, a century after the discovery of superconductivity by Kamerlingh Onnes in Leiden, we will take the
opportunity to celebrate the first French production of the cryogenic fluids hydrogen and helium in Grenoble,
initiated by Albert Lacaze and Louis Weil in the early 50s. Their work was the seed for the Grenoble area's
exceptional concentration of academic and industrial expertise in cryogenics. Over the last 60 years, the
synergy between research and industry in this and other technological fields has contributed to the long
series of successes for Grenoble science and greatly enhanced the international reputation of the Grenoble
science complex.

Alain FONTAINE
Director of the Néel Institute, CNRS-UJF
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The Condensed Matter and
Low Temperatures department
conducts fundamental studies

of new states of matter (magnetism,
charge density waves, superconductivity...)
and of the physics of helium between

100 mK and room temperature.

The department develops transverse
activities in cryogenic electro-technology,
fluid mechanics, astronomy, the life

scien nd associated applications
(cryogenics, aero-space).

The Nanosciences department is engaged in the study of the physical properties of nanostructures:
electronic transport, m‘c\gnetlsm nanomechanics, spectroscopy... at both experimental and theoretical levels.
These nanostru (] prepared from various types of materials chosen for their specific properties f
- novel icon uctors superconductors, metals, magnetic materials and molecules...
Thei ation at the nanom e scale - moleculgr films, nanowires, nanotuis quagtum wells and dots - leads
_ tonovel functlons I e most fundamental aspects of quantum phy5|cs i .
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The Condensed Matter, Materials & Functions department fosters fundamental
research on materials and their applications. It has wide-ranging experimental
theoretical expertise in materials preparation, crystallography, electronic stri
magnetism, lasers, non-linear optics, catalysis and energy.

The Department is distinguished by a strong interplay between physics and che
It manages national projects at the ESRF and ILL and coordinates two thematic
networks of the CNRS. '
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From Top-down to Bottom-up fabrication

CONTACT
Thierry FOURNIER

For the past fifteen years, the processes developed on the Néel Institute’s Nanofab
platform were variants of “top-down" technologies. Exploration of the physical properties
of nano-objects, often randomly arranged, has led to the development of new “bottom-up”
procedures evolving from the work of several Néel Institute research groups.

Top-down fabrication is a subtractive process in which
material is removed to produce features of a controlled shape
and size. An example of such a method is the lithography
process developed by the micro-electronics industry to
sculpt features in deposited materials.

The technology has been refined to fabricate features as
small as a few tens of nanometres. Bottom-up fabrication is
an additive process in which atoms and molecules are used
to build up the desired objects (e.g. nanowires, nanodots).

The thus produced objects are often positioned randomly on
a substrate. Probing their physical properties (via electrical or
thermal measurements) requires the adaptation of classical
lithographic techniques to bottom-up approaches.

Though object specific, the developed techniques include
the following steps:

The alignment accuracy is of the order of 100 nm. The
initial acquisition of the images, sometimes fastidious, can
be automated in the electron microscope. Thermoelectric
nanowires, carbon nanotubes and graphene have been thus
connected in the cleanroom.

Other  procedures are also being  developed:
nanomanipulation and localized metallic deposit under an
ion and\or an electron beam. Movement of nano-objects
using micromanipulators. Deposition of metallic electrodes
directly on the sample by cracking a gas under the FIB
(Focused lon Beam). This option is available on the new
Dual-Beam SEM-FIB on the Nanocharacterization Platform
(PFNC) at Minatec, Grenoble.

> the creation of alignment marks on the
substrate,

> dispersion or growth of nano-objects on the
substrate using a bottom-up procedure. The
density of objects must be controlled and
adapted to the desired measurement,

> imaging (optical or electron microscopy,
AFM, etc.) of nano-objects in order to locate
them with respect to the alignment marks,

> integration of the image in a drawing
software and design of the electrodes to
connect with the nano-object(s),

> electron lithography ~ with automatic
alignment on the alignment marks. This
automated step allows the connection of

several tens of objects on each die,

> evaporation of the metallic contacts and
Lift-Off.

Connected thermoelectric nanowires.



Automated temperature regulation
at cryogenic temperatures: iIMACRT

A new generation of temperature regulators for cryogenics applications has been designed
at the Néel Institute. This new system, iMARCT, is built to a modular autonomous, design
around an Ethernet interface, and can regulate temperatures between 10 mK and 300 K.
Forty instruments have already been constructed and transfer of the technology to an
industrial partner is under way.

The instrument was developed for low temperature
experiments in helium, nitrogen and He3-He* dilution
refrigerator environments (T<100mK). It consists of three
distinct modules:

>

v

The resistance measurement module, MMR3. Three
resistors can be monitored simultaneously with a very
low noise level, below 1nV/VHz. The measurement range
extends from 1 micro-ohm to 2 Megohms. It uses a AC
differential square pulse, four-wire measurement scheme,
with three current ranges from 10pA to 10mA. An
accuracy of 0.05% can be reached after calibration, with
a temperature drift never exceeding 135 ppm/°C. The
equipment is particularly adapted to the measurement
of germanium, carbon, ruthenium oxide, and Cernox™
thermometers

The current generator module, MGC3. It powers the
three temperature regulator channels simultaneously.
The temperature controllers are of the Proportional-
Integral-Derivative (PID) type and can be operated in
automatic or manual mode. The first channel can output
up to 9 Watts of power at 25V compliance voltage when
powered via PoE (Power over Ethernet) technology. It can
provide 50 Watts at 44V compliance voltage if powered
by an external power supply. The two other channels can
deliver a 20mA output current with a 16 bit resolution.
These current sources are protected against open and
short circuits and shut down automatically in case of
connection loss. Two TTL digital outputs are provided for
auxiliary controls.

> The interconnection module, MACRT. This is the Ethernet
interface which allows remote control of the two other
modules over an Ethernet network.

Technology transfer of this instrument is currently under
way with Cryomagnetics (USA) and Cryoconcepts (France).
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Superconductivity in a single molecule transistor

CONTACT
Clemens WINKELMANN

FURTHER READING

Recent progress in the field of molecular electronics now allows for directly integrating
molecular objects into electrical on-chip circuits.

For example, by inserting molecules into a nanometre
gap sectioning a metallic wire, it is possible to create a
molecular bridge for electronic conduction. A surrounding
electrostatic field (the gate) allows tuning of the position
of the discrete molecular energy levels with respect to the
Fermi energy of the contacts. Bringing these levels on and
off resonance switches the molecular transistor on and off.
By chemical engineering of the molecule’s size and optical,
electronic or magnetic properties, one can obtain a vast
variety of new functionalities. The single molecule transistor
suffers however from an inherent limitation: quantum
mechanics does not allow a single conduction channel
to display a resistance lower than a minimum value of
R/2 = h/2e? = 12.9 kOhm. This makes Joule losses
prohibitively high, even in the on state of the device. One
solution to overcome this limitation is superconductivity,
with Cooper-paired electrons flowing without any losses
and resistance.

Figure 1: sketch of principle of the superconducting
molecular junction with aluminium source,
drain and gate electrodes.

Our experiments performed at 0.03 K on C,; molecules
contacted between superconducting aluminum electrodes
show firstly that the physics crucially depends on the
electronic tunnel coupling between the electrodes and the
molecule, that is the electronic anchoring of the molecular
bridge. For sufficiently strong coupling, the Cooper pairs
may cross the molecular junction without breaking up and
loosing their coherence, which leads to the observation of a
quantum supercurrent (a Josephson current). The amplitude
of this supercurrent depends strongly on the normal state
resistance of the junction - the electronic transmission of
the bridge - which we fine-tune via the electrostatic gate
voltage. This therefore is the first experimental realization
of a single molecule Josephson transistor. Moving on to
contacting magnetic molecules in future work, one could
now hope to couple superconductivity to the magnetism of
a single local quantum spin, opening up new perspectives in
the field of spintronics.

Figure 2: differential resistance dV / dI of the junction
as a function of gate voltage and bias current.
For current magnitudes below a threshold given
by the two crests (lighter tones), the differential
resistance drops strongly (dark toned area S).
The amplitude of the supercurrent is tuned by
the gate voltage.



Heat flux at the nanoscale:
beyond the Stefan Boltzmann law

Does the classical Stefan-Boltzmann law for blackbody radiation apply to nanometre-size objects?
To answer this question, the heat flux in vacuum between two surfaces at different temperature

and separated by distances between one micron and 100 nm has been measured accurately
and compared to theory. The research involved two CNRS laboratories, the Néel Institute and
the Charles Fabry Laboratory of the Institut d'Optique (Paris). At the nanometre scale,

the measurements show large discrepancies with the Stefan-Boltzmann law.

Proposed in the 19* century, the Stefan-Boltzmann formula
can be derived from Planck’s quantum theory and correctly
describes the total radiative exchange at large distances.
In particular, it is well known that, in the “far field” regime,
the heat flux exchanged between two flat parallel surfaces
is independent of the distance between the two surfaces.
But, in the "near field" regime, we measure a strong distance
dependence: the heat flux increases dramatically when the
distance between the two surfaces becomes smaller than
about one micron.

In fact, this effect was discovered in the framework of the
Apollo program, where efficient protection against thermal
radiation was needed. A very large increase of the heat flux
between two closely spaced metallic films was observed.
In 1971, Polder and van Hove gave the first theoretical
description of the phenomenon. Stimulated by recent
advances in NEMS (Nano Electrical-Mechanical Systems),
for which the increased heat flux at short distances can be
of importance, we have designed an experimental setup
specifically to study such effects.

Developments in the measurement of the Casimir force
under vacuum guided the design of our experiments:
improvements in measuring techniques provided by
Scanning Probe Microscopy as well as new techniques for
fabricating micro-objects allow experimental

But, instead of quantum fluctuations, the thermal coupling
between the two surfaces through overlapping of evanescent
waves is due to thermally induced, surface excitations. The
surface excitations are thermally excited phonon-polariton
waves. The effects can be accounted for by the dipolar
coupling between two nanoparticles separated by nanometre
distances, which determines the attractive van der Waals
interaction between the particles, and their energy exchange.
The dipolar coupling is not taken into account in the Planck
far field theory. It becomes the dominant contribution at
short distances.

The precision obtained in this measurement opens the
possibility of doing experimental studies of roughness
effects or of non-local effects at distances much smaller
than a micron. For a better comparison between theory and
experiment, an experimental vacuum force machine adapted
to a parallel plane geometry is being constructed.

Room temperature thermal conductance between a 40 micron
diameter sphere and a plate as a function of gap distance.

The black dots represent experimental data and the red line
the theoretical model. The temperature difference between
the plate and the sphere is 21 K.

study of the sub-micron regime of the
radiative heat flux. In 2006 already, a French
team (De Wilde et al) demonstrated that one i
can detect the thermal radiation in the near
field regime using scanning probe methods.
The theory group at the Institut d'Optique
then produced quantitative calculations of
heat transfer between polar dielectric surfaces
like the glass substrates used in our work. The
calculations predicted fluxes larger by a factor
of 10 compared to metallic surfaces. This is
essentially due to the resonant excitation
of the surface phonon polaritons that are
present in glasses.

Il poeaiss Lamop Cnk 677

Fig. 1 shows our results and the comparison
with theory. The underlying physics governing
the large increase of the heat flux that we
observe at the nanometre scale is closely

related to the Casimir effect. This mechanical il +

effect, an attractive force between two mirrors,
is due to the quantum fluctuations in the
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electrodynamic coupling between the mirrors.
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Effect of quantum phase-slips in a Josephson junction chain

CONTACTS
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FURTHER READING

MEASUREMENT OF THE EFFECT
OF QUANTUM PHASE-SLIPS IN
A JOSEPHSON JUNCTION CHAIN

MEASUREMENT OF THE CURRENT-
PHASE RELATION IN JOSEPHSON
JUNCTION RHOMBI CHAINS

Josephson junction chains are attracting a lot of interest currently due to their possible
applications in the fields of metrology and quantum information. For example,

under microwave irradiation of frequency f, such chains should exhibit exact current
quantization I=2nef, where 2e is the charge of a Cooper pair and n is an integer number.
Therefore, these chains could be used for the definition of a new quantum current standard.
In view of the many possible applications, we have measured the ground state of a
Josephson junction chain. We have analysed our results in terms of “quantum phase-slips”,
the central phenomenon occurring in such superconducting networks.

A Josephson junction consists of two superconducting
electrodes separated by an insulating layer. A phase
difference ¢ between the superconducting phases of the two
electrodes yields a supercurrent through the junction of the
form I(@)=I_sin(¢). The maximum value of this supercurrent,
that is the critical current |, is fixed by the Josephson energy
E. This energy depends on the superconducting gap of
the electrodes and on the normal-state resistance of the
junction. The phase difference ¢ over a Josephson junction
fluctuates quantum-mechanically due to the presence of
the charging energy E_=q%/2C of the junction capacitance C.
These quantum phase fluctuations induce so-called “quantum
phase-slips” where the phase over the junction changes
by 2m.

If these phase-slips occur over a junction that is embedded in
a chain with many other junctions, new phenomena appear.
In this case, a quantum phase-slip on one junction leads to
a collective response of all other junctions. This collective
behaviour implies the formation of new energy levels ¢ (5)
that depend on the overall phase difference & over the chain.
The ground state supercurrent through the chain I, is
given by the derivative of the ground state energy €(8) with
respect to d. For a large phase-slip rate v, that is the number of
quantum phase-slips per second, the current-phase relation

of a Josephson junction chain is |, _ (8)=I " sin(8).

It has the same form as for a single junction but with an
effective critical current | " that is given by the quantum
chain dynamics. The critical current | =" is determined by
the number of junctions in the chain and by the quantum
phase-slip rate which depends on the ratio of the Josephson
energy E and the charging energy E_. We have done the
first quantitative measurement of quantum phase-slips in
a Josephson junction chain by measuring its supercurrent as
a function of &.

In our measurements, we determine the ground state
of a Josephson junction chain containing six SQUIDs by
measuring the critical current of the chain shunted by a
read-out junction (figure 1). As each junction of the chain is
realized in the form of a SQUID, we can tune the EJ/EC ratioin
situ by changing the magnetic flux @ through the SQUIDs.
Figure 2 shows the chain’s critical current as a function
of flux ®,. With increasing flux, we observe the expected
suppression of the critical current due to the increase of
quantum fluctuations. From our measurement results we
can deduce the quantum phase-slip rate v. It varies over a
range from 1 to 3 GHz (see inset of figure 2).

Our results open the way for the use of quantum phase-slips
in Josephson junction networks for the implementation of
a new current standard or the fabrication of topologically
protected qubits.
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Figure 1: E-beam image of the sample,
a) six SQUID chain shunted by the read-out junction,
b) one SQUID,
c) one SQUID junction,
d) the read-out junction.

Figure 2: measured critical current (black points)
as a function of flux @ /®_ through the SQUID.
The red curve is the theoretical fit.
Inset: Quantum phase-slip rate v as a function of flux.



Electronic transport through GaN
quantum dots in nanowires

Nanowires are considered to be very promising as building blocks for nano-scale devices and as a new route
to access the physics of low dimensional systems. For lll-N compounds (nitrides of Group lll elements),
nanowire heterostructures provide a new way to create quantum dots, with greater flexibility as compared
to the classic Stranski-Krastanow growth mode because the dot height and the material composition can
be better controlled. Furthermore, while the strain induced by the large lattice mismatch usually leads to
high dislocation density in planar Ill-N nanostructures, it can relax elastically (radially) in thin nanowires,

allowing dislocation free growth.

Currently, nearly all the studies on IlI-N quantum dots have
been oriented towards their photonic aspects. In the present
work we focus on probing such structures via electrical
measurements. We have fabricated single GaN quantum
dots in the form of IlI-N nanowire heterostructures and
we have measured electronic transport through these
dots. Our results indicate that GaN quantum dots formed
in a nanowire are promising objects for accessing the low
dimensional electronic properties of IlI-N materials.

We grow wurtzite GaN nanowires on Si (111) substrates by
plasma-assisted Molecular Beam Epitaxy without using any
catalyst (Fig. 1(a)). The GaN quantum dots were fabricated by
introducing two AIN tunnel barriers into the GaN nanowires
(see the high resolution TEM image in Fig. 1(b)). After
growth, the nanowires were mechanically dispersed so as to
lie horizontally on a SiO, layer on top of a high conductivity
Si substrate. For electronic transport measurements,
nanowires were electrically contacted by metal electrodes
(source and drain) formed by electron beam lithography
(Fig. 2(a)). The heavily doped silicon substrate was used as
the gate electrode.

The diagram of the differential conductance dI/dV versus
source-drain voltage (V ;) and gate voltage (V) at 4.2 K
shows a series of diamond shaped regions where transport
is entirely suppressed (blue regions in Fig. 2(b)). These
“Coulomb diamonds” are clearly separated from each other
and have all their edges fully defined. This is characteristic of
Coulomb-blockaded transport of single electrons through a
single island. Here the island is the quantum dot grown in
the GaN wire. Within each coulomb diamond the quantum
dot contains a fixed number of electrons. The periodicity
along the V_ axis, which is related to the length of the island
through which transport takes place, is consistent with the
length, as given by electron microscopy, of the GaN dot in
between its two AIN tunnel barriers.

Studies of this type have already been done on several
types of nano-scale islands of Si, Group Il arsenides and
metals. Our results demonstrate for the first time, single
electron transport through single GaN/AIN quantum dots in
nanowires. This work is not only valuable for the application
of llI-N nanowires, but also for a deeper understanding of
quantum transport in nitride materials, which is mostly
unexplored.

Figure 1: (a): Transmission Electron Microscopy (TEM)
image of a GaN nanowire ensemble grown
ona Si (111) substrate.

(b): High Resolution TEM image of a GaN nanowire
containing a double barrier heterostructure,
i.e.a pair of 2 nm thick AIN tunnel barriers
(bright contrast) separated by a 6 nm height
GaN quantum dot layer (dark constrast).

Figure 2: (a): Schematic illustration of a GaN nanowire device with double tunnel barriers
contacted by metal leads. The nanowire is deposited on an oxidized Si substrate.
(b): Color scale plot of the differential conductance dI/dV. versus source-drain
voltage V, and gate-voltage V_ for a GaN quantum dot formed in a nanowire.
The measurement is taken at 4.2 K. Blue (red) color corresponds to low

(high) conductance.
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60 years of liquid Helium production

at the CNRS in Grenoble

Louis WEIL
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Albert LACAZE
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60 years ago and half a century after helium gas was first liquefied by Kamerlingh Onnes

in Leiden (1908), the CNRS laboratory in Grenoble became a centre for helium liquefaction.
Today the liquefaction centre at the Néel Institute is the largest in France.

We recall here the history of this development from its origin to the present day.

Louis Néel and Louis Weil arrived in Grenoble during World
War II. At the end of the war, there was an obvious need for
cryogenic fluids to allow them to extend their research on
magnetism down to very low temperatures. In 1947, Weil
engaged Albert Lacaze to build an apparatus to produce liquid
hydrogen (boiling point 20 K); this was Lacaze’s doctoral
research project.The liquefier constructed by Lacaze was based
on the Joule Thomson expansion of hydrogen at 150 bars and
pre-cooled by a pumped liquid nitrogen bath (62 K).

The Weil-Lacaze liquefier was installed in the basement of the
Institut Fourier building in central Grenoble (with the basement
windows kept open for ventilating any hydrogen leaks...). By
1950, it could produce 15 litres of liquid hydrogen in an hour.
In that year 1950, Weil and Lacaze were able to liquify helium
(4 K), using the same principle, with liquid hydrogen replacing
liquid nitrogen as initial coolant. Because handling liquid
hydrogen was a difficult and a dangerous matter (especially
while decanting it from one liquefier to another), a hybrid
apparatus combining the two liquefaction stages -hydrogen
and helium- soon replaced the initial installation.

By 1956, their prototype mixed liquefier was producing 100
litres of liquid helium and 400 litres of liquid hydrogen per
year. It ensured hydrogen and helium production for the
Grenoble laboratories until 1962. This class of liquefier, in
use until the early seventies, was commercialized by the Trés
Basses Températures (Very Low Temperatures) Company,
founded by Louis Weil in 1956. The TBT Company also
manufactured cryogenics components such as transfer tubes
and storage vessels.

In 1958, the Air Liquide company bought TBT. The creation,
several years later, of Air Liquide's Centre for Cryogenics
Studies near Grenoble at Sassenage is probably one of the
consequences of this collaboration. The Sassenage centre
later became the Division of Advanced Technologies of Air
Liquide.

TBT Helium Liquefier (copyright: Atelier Robert Doisneau).

In 1971, the CNRS in Grenoble acquired a Philips liquefier
(10 litres helium/hour) and constructed the present liquefier
building. Turbine liquefiers arrived shortly afterwards,
increasing the liquefaction rates dramatically. In 1976, a
“Hélial” helical turbine liquefier producing 40 litres/hour
was purchased from Air Liquide. As the needs of the CNRS
laboratories continued to increase, two more liquefiers were
added: the first in 1986 (100 litres/hour) and the second
(replacing the first Hélial) in 1996.

Liters

I— Evolution of annual production of liquid
AL helium by the CNRS in Grenoble. Today the

&00 000
3 000

W

liquefaction centre at the Néel Institute is
the largest in France. It produces more than
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500000 litres of liquid helium a year, of which
400000 litres are dispatched to CNRS and
university laboratories in the Grenoble area.
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In partnership with the liquefaction service of
the Institute of Nanosciences and Cryogenics
(INAC) at the CEA-Grenoble, it supplies liquid

helium to Grenoble's two large European
research facilities, the European Synchrotron
Radiation Facility (ESRF) and the Laue
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Langevin Institute (ILL).




Condensation of helium into silica aerogels

iIs an out-of-equiilibrium phase transition

Despite decades of theoretical and experimental efforts, the condensation and evaporation of fluids inside porous media

are still not fully understood. The ANR (National Research Agency) project "HEVEPOR", a collaboration led by Néel Institute
and involving the LPTMC (University Pierre and Marie Curie, Paris) and the GES (Montpellier University UM2), aims to unravel
the mechanisms responsible for the observed hysteresis between evaporation and condensation, and to understand their
relationship to the porous media microstructure. A specific goal is to assert the influence of disorder and confinement on
the liquid-gas transition. With that goal, we study a novel experimental system, helium in transparent porous glasses.

Using helium as a fluid allows a direct observation of the physical phenomena at play.

We have studied condensation of helium into aerogels,
very open materials of large porosity (90% and more)
made of interconnected silica strands on a nanometric
scale. Aerogels are an experimental realization of dilute
disorder. In 2001, it was predicted by the LPTMC group that
this disorder alone could explain the hysteresis between
condensation and evaporation. The disorder creates a
complex energy landscape with many metastable states
separated by large energy barriers, which cannot be crossed
on experimental timescales. Condensation then takes place
by local avalanches from gas to liquid state as the pressure
is increased. A specific prediction is that the avalanche
size increases as the temperature is lowered, and that, at
low enough disorder (large porosity), the size diverges at a
critical temperature T* below which condensation involves
a macroscopic avalanche from vapor to liquid at some given
pressure. This out-of-equilibrium phase transition is similar
to the jump of magnetization predicted in some disordered
magnetic materials when the field is increased.

In 2008, we published the first evidence that this
phenomenon does indeed occur in a silica aerogel of
porosity 95% synthetized in Montpellier. This year, we
reproduced our former results on a different sample of the
same porosity. Improvements to the experimental set-up
result in an unprecedented resolution in the adsorption
isotherms, allowing their detailed study. In agreement
with the theory, the slope of the adsorption isotherm (the
condensed quantity as a fonction of the pressure) steadily
increases as the temperature decreases, a result which
cannot be explained by classical theories of condensation
into porous materials.

In contrast to the new prediction, this slope does not diverge
at a finite temperature. We attribute this discrepancy to a
small heterogeneity of the macroscopic avalanche pressure
across the sample.

This interpretation is supported by our optical observations.
Pictures taken along the pressure quasi-plateau reveal a
two-scale heterogeneity of the helium distribution. The
bright region contains microscopic heterogeneities which
scatter light. This region is separated by a macroscopic
interface from a dark one, where the aerogel is totally filled
with liquid. This interface is the locus of the macroscopic
avalanche, which propagates to the center of the aerogel as
condensation proceeds.

A detailed analysis of the thermodynamic and optical
measurements allows us to estimate a value of ~4.8 K for
T*, and to determine the temperature dependence of both
the macroscopic avalanche pressure and the typical size of
microscopic helium droplets at the avalanche threshold ;
These results pave the way to a better understanding of the
macro-avalanche process and its possible connection to a
depinning of the microscopic interface between liquid and
gas.

This work was performed by F. Bonnet, M. Melich, L. Guyon,
P.E. Wolf and the late L. Puech, of the HELFA team, with the
contributions of F. Despetis (GES) and E. Kierlik (LPTMC).

Figure 1: adsorption isotherms (condensed liquid
fraction ¢ as a function of pressure) for helium
in a 95% porosity aerogel: the pressure
is refered to the point of maximal slope.
Isotherms become steeper as the temperature
is decreased.

Figure 2: propagation (controlled
by the helium injection)
of the macroscopic avalanche
at 4.7 K between a mixed
gas-liquid state (white)
and the liquid (dark).
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European School on Nanosciences

and Nanotechnologies

Albert FERT & Hervé COURTOIS.
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The 6" ESONN (European School On Nanosciences and Nanotechnologies) took place from
August 22" to September 12" 2009 in Grenoble. ESONN is a summer school organised each
year by the Université Joseph Fourier and Grenoble INP, with the essential participation of
the CNRS and the CEA. It is designed for doctoral students and young researchers interested
in nanosiences. ESONN's specificity is to associate lectures given by top European specialists
with practical sessions at the “Centre Inter-universitaire de Micro-Electronique " (CIME)

and in Grenoble research Institutes.

Two parallel sessions are offered, one on quantum nano-
electronics (mesoscopic transport, molecular electronics,
spintronics,single-electroncomponents,ultimate MOSFET's),
the second on nanomaterials for life sciences (surface
physical-chemistry, microsystems for biophysics, rheology of
biological structures, microfluidics, nano-object synthesis).
Joint lectures on nanotechnology (nanofabrication, local
probe microscopy, bottom-up techniques) are followed by
all attendees.

Albert Fert, winner of the 2007 Nobel Prize in Physics for
his pioneering works on spintronics, gave the opening
lecture at the 6 ESONN. That school was attended by
56 students selected from over 110 applications. A total
of 25 nationalities were represented: Austria (1), Brazil (3),
Canada (1), China (2), Croatia (1), Denmark (4), Finland (3),
France (4), Germany (1), Hungary (1), India (4), Iran (1),
Italy (5), Jamaica (1), Lebanon (1), Pakistan (1), Peru (1),
Poland (2), Portugal (2), Russia (3), South Africa (2),
Spain (5), Thailand(1), Turkey (3) and the United States (3).
The participation of Indian and Brazilian students was made
possible by regional ARCUS programs. The US participants
were financed by the Houston French Consulate.

ESONN 2009.

Among the 50 laboratory practicals offered in 2009, 10 were
organized by Néel Institute on the following topics: Optical
and electrical characterization of wide bandgap semiconductor
single nanowires, E-beam lithography and FIB techniques for
micro-nanofabrication, Magnetoresistive effects in magnetic
heterostructures, Electro-migration technique to realize
a single molecule transistor, Coulomb blockade in Carbon
Nanotube Transistors, Carbon Nanotube synthesis and optical
characterization by Raman spectroscopy, X-ray scattering
from films and superlattices, Seeing real-time electron
tunneling processes, Confocal spectroscopy on small objects,
Force measurements with a micro-mechanical oscillator
based on a tuning fork. These one day practicals have been
prepared by doctoral students, engineers, and researchers
from Néel Institute.

ESONN is financed by the following: Université Joseph
Fourier, Grenoble INP, Grenoble Nanoscience Fondation,
CNRS, Nano-Innov program, French National Education
Ministry (“European Summer Campus”), Rhéne-Alpes
Regional Council, Grenoble city and METRO Councils.

The 7t school, now in preparation, has a similar program
of lectures and practicals. It will also include a program on
technology transfer for high tech industries (prepared in
collaboration with the Grenoble School of Management)
and societal issues for nanosciences and nanotechnologies.
Ethical aspects and risk assessment for nano-materials will
be covered during evening seminars.




From a French-Romanian collaboration
to the European School on Magnetism

There have been long-standing research and teaching collaborations between Romania and
France, most notably with Grenoble. Néel Institute plays an active role through its hosting

of colleagues and students from several Romanian universities, in particular Cluj-Napoca
(Babes-Bolyai). The latter’s Faculty of Physics has many common interests with Néel Institute
(Condensed Matter Physics, Magnetism, Materials...), which has led to a constant influx of

Master level Romanian students to Grenoble. Many students have continued to PhD level at the

Université Joseph Fourier or Grenoble INP, in many cases the thesis work being co-supervised.

Research schools intended for graduate students have been
organized jointly in Romania since 1997, with topics mostly
related to Magnetism.

The first schools were conducted in French and gathered
French and Romanian students. Since 2003 the schools
have been conducted in English and progressively became
more international, concerning both the choice of lecturers
and attendees. Consequently, this series of schools has been
renamed the European School on Magnetism (ESM). In 2009
ESMwas heldinTimisoara with the topic“Models in Magnetism:
from basic aspects to practical uses”. 120 attendees were
registered on a first-come first-served basis. These were
mostly PhDs and post-docs counting 31 nationalities and
coming from 23 countries, mainly European.

Through a constant evolution the School has created a unique
pedagogical environment, informal and interactive, where
students truly get the most out of teaching: ten full days
duration, both lectures and tutorials, question sessions, open-
access library dedicated to magnetism etc.

‘I

The core of the organization of ESM relies on research
scientists from Néel Institute and Spintec. It is supported
by many institutions and most notably UJF and CNRS, and
is guided by a European scientific committee. The upcoming
events will be more closely associated with the bi-annual,
largest European conference on Magnetism JEMS (Joint
European Magnetic Symposia), which itself was initiated and
first held in Grenoble in 2001. This new association should
further increase the attractiveness of ESM, and through it the
key role played by Grenoble laboratories and universities in
modern magnetism.

— Overview of the lecture Hall

' | — Computer tutorials
(here micromagnetism, 4h).
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Iron in hydrothermal fluids: fundamental geochemical
processes studied by synchrotron radiation
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AN X-RAY ABSORPTION STUDY
OF THE DISSOLUTION OF SIDERITE
AT 300 BAR BETWEEN 50°C

AND 100°C, CHEM. GEOL. 259, 8
(2009)

IN-SITU X-RAY ABSORPTION STUDY
OF IRON(II) SPECIATION IN BRINES
UP TO SUPERCRITICAL CONDITIONS,
CHEM. GEOL. 264, 295 (2009)

In the present economic and ecological context, two primordial fields of research in Earth
Sciences are (i) developing methods for sequestration of CO, in mineral form as stable
carbonate rocks and (i) understanding the formation of metal-ore deposits in view of the
prospection of new, mineable resources. A common aspect of these two research fields is
understanding the complex processes of dissolution/precipitation of rocks in aqueous fluids.

Experimental information about the elements dissolved in a
fluid phase at high temperatures and pressures are needed:
their speciation (i.e. their chemical and structural form) and
their thermodynamics data (i.e. the stability of the different
species present as a function of temperature, pressure,
salinity). To obtain such information, we have developed a
new methodology based on the use of X-Ray Absorption
Spectroscopy.

We use a dedicated, high pressure autoclave designed
and developed at the Néel Institute by R. Argoud. The
autoclave is equipped with beryllium windows for X-Ray
absorption and fluorescence spectroscopy measurements.
It is installed on FAME (the French Absorption spectroscopy
beamline for Material and Environmental sciences) at
the European Synchrotron Radiation Facility in Grenoble.
This experimental development allows us to cover a large
domain of the phase diagram (pressures 1-2000 bars,
temperatures 30-600 °C, densities down to 0.1 g.cm?),
corresponding to conditions existing in the real Earth.
Since iron is both a typical and an ubiquitous element in the
Earth’s crust and mantle, we have investigated using this
instrument the fate of aqueous iron in hydrothermal (i.e.
high temperature and pressure) conditions.

First we explored the speciation from ambient up to
supercritical conditions (500°C, 500 bar), as a function of
temperature and chlorinity of the solutions (i.e. the quantity
of dissolved chlorine ions).

The near edge X-Ray Absorption spectrum is very sensitive
to the local environment of solvated iron. Recent theoretical
progress in ab initio calculations of the X-Ray Absorption
Near-Edge Structure (XANES) using Finite Difference
Method (FDMNES) calculations allowed us to interpret the
spectral signature of the iron complexes and to observe
their transition from octahedral hydrated species Fe(H,0)
to tetrahedral chlorinated species FeCl* (see figure). This
investigation was performed in collaboration with Adelaide
University & CSIRO (Australia).

Secondly, we studied the dissolution/precipitation reaction of
siderite (FeCO,) in hydrothermal conditions, a model reaction
for an essential step in proposed methods to sequester CO, as
metal carbonates. In nature, this corresponds to the final step
of carbonatation (transformation to carbonate) once Fe?* is
released in solution by earlier dissolution of other iron-bearing
rocks, such as the silicates widely present in the Earth's crust
and mantle. Measuring in situ the X-ray transmission of the
carbonate solution, we determine iron concentration and we
derive kinetics parameters and thermodynamics data such as
dissolution rate constants, activation energies, dependence
on pH and chlorinity. Simultaneously, the iron speciation was
also determined by X-Ray fluorescence spectroscopy.

This work, done in collaboration with the Institut de
Minéralogie et de Physique des Milieux Condensés (IMPMC,
Paris) on a model dissolution reaction, provides an overall
set of speciation, thermodynamics & kinetics data. Data of
this kind is essential for geochemical modeling. Through our
current national and international collaborations, we are
extending these methods to other aqueous geochemical
systems (Cu, Co, Ga, Au, Ag, etc.).
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Low T, low salinity

High T, high salinity

Observed changes of iron speciation in saline aqueous solution.
At low chlorine concentration and/or low temperature, Fe** ions
are hydrated by 6 water molecules in an octahedral symmetry;
in high salinity and/or high temperature (j.e. hydrothermal)
conditions up to 500°C, Fe** ions are coordinated by 4 chloride
ions Cl in a tetrahedral symmetry.




Permanent magnet micro flux sources

Micro flux sources produce magnetic fields which are spatially modulated at the micron scale.
They have many potential applications in the field of magnetic MEMS (Micro-Electro-Mechanical-Systems),
as well as for biasing, diamagnetic levitation, the manipulation and trapping of particles and atoms, etc.
The magnetic force on a magnetic particle submitted to the field of such a flux source depends on the field
and on the field gradient created by the source. Since the field gradient is inversely proportional to
the size of the field source, the force per unit volume increases as its size is reduced.

The use of permanent magnets to produce the flux offers
a number of specific advantages. It favours autonomy and
stability. By comparison, micro-patterned soft magnetic
materials require the application of an external magnetic field
while micro-coils operating in DC mode produce much smaller
fields and field gradients. The challenge in fabricating micro-
permanent magnet based sources is first of all to produce hard
magnetic films of the appropriate thickness (1-100 pm). We
have demonstrated that triode sputtering is suitable for the
preparation of high performance hard magnetic films (NdFeB,
SmCo) in thick film form. The second challenge is to laterally
pattern the films on the scale of 1-100 pm. In a first approach
we showed that standard micro-fabrication techniques
(lithography, etching, planarization) can be applied to these
highly reactive films (collaboration LETI). Here we will present
an alternative and very promising patterning technique,
namely Thermo-Magnetic Patterning (TMP).

When we heat a hard magnetic film we reduce its coercivity,
i.e. the value of external magnetic field required to reverse
its magnetisation. TMP (fig. 1(a)) exploits this fact to locally
modify the direction of magnetisation, by localised heating
through a mask in the presence of a magnetic field which is
lower than the film's room temperature value of coercivity.
An excimer laser operated in nanosecond pulsed mode at an
ultralviolet wavelength is used so as to minimise reflection
at the film’'s surface and lateral heat diffusion through the
hard magnetic film. Qualitative magnetic imaging using
Magneto-Optic-Indicator-Films (MOIF) (fig. 1b) and Magnetic
Force Microscopy (MFM) reveals the magnetic patterns with

lateral dimensions of roughly 50 pm and 7pm, respectively,
which have been produced by TMP of 5um thick out-of-plane
textured NdFeB films (fig. 1c,d).

The stray field patterns produced by these hard magnet
micro-flux sources have been quantitatively characterised
using a Scanning Hall Probe Microscope. Comparing these
measurements with calculations we have estimated the depth
of film over which magnetisation had been reversed by TMP to
be of the order of 1.3 pm.

These hard magnet micro-flux sources constitute traps for
superparamagnetic (SPM) particles and biological species
incorporating  superparamagnetic particles (collaboration
Ampere Lab. Lyon). Preliminary experiments show that the
magnetic field gradients produced at the interface between
reversed and non-reversed regions of the hard magnetic films
are strong enough (>10°T/m) to attract and trap 100 nm sized
SPM particles flowing in a micro-fluidic channel above the film
(fig. 2a). What is more, bacteria of 1um in size (escherichia
coli) internalised with the SPM particles by electroporation
can also be trapped at these regions of high field gradient (fig.
2b). These preliminary results show the great potential for the
use of permanent magnet micro flux sources for lab-on-chip
applications in biology and medicine.

TMP can be used to produce complex magnetic field
configurations such as linear Halbach arrays, for which flux
is maximised on one side and minimised on the other side
of the array. A linear Halbach array prepared by TMP of an
isotropic NdFeB film is shown in figure 3. This demonstrates
the potential for TMP to produce complex patterns at the
micro-scale and should allow us to optimise the use of micro-
flux sources in identified applications and eventually open the
door to new applications.

Figure 1:

(ab) Schematic diagrams of the TMP process and magneto-optic
imaging with a uniaxial Magneto-Optic-Indicator-Film
(U-MOIF),

()  Magneto-optic image of aMOIF placed on top of a uniaxially
patterned out-of-plane textured NdFeB film irradiated
through a mask with features of size 50 x 50 pm,

(d) MFM image of a similar film patterned with a mask
containing features of size 7 x 7 pm?.

Figure 3:

magneto-optic image of a MOIF

placed on top of a thermo-magnetically
patterned linear Halbach array

and schematic diagram showing

the direction of the applied magnetic
field during TMP.

— Figure 2:

(@) (collaboration Ampere Lab,

Ecole Centrale Lyon). Optical
image showing the trapping of
superparamagnetic particles within
a PDMS micro-fluidic channel
(width: 500pm, height: 100pm)
above a TMP NdFeB film,

(b)  Fluorescent image showing the
trapping of bacteria internalised
with superparamagnetic particles
on a TMP NdFeB film.
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HIGH HOLE MOBILITY IN BORON-
DOPED DIAMOND FOR POWER
DEVICE APPLICATIONS

Breaking records in diamond devices

Diamond is a wide bandgap semiconductor (Eg = 5.5 eV) with astounding electronic,
thermal, optical, mechanical and chemical properties, which have been recognized

for several decades. Steady progress has been achieved in understanding and mastering
crystalline quality and defects, dopant concentrations, carrier mobility and saturation
velocity, breakdown voltage and surface terminations, which control the electrical
properties of homoepitaxial layers used in electronic devices.

Recently, we have demonstrated, first, that the hole mobility
could be optimized and what kind of defects may degrade
it and, second, that unprecedented breakdown voltages,
in excess of 10 kV, can be obtained in Schottky diodes
if a specific surface oxidizing treatment is applied. This
treatment ensures both electrical passivation of the
surface and chemical passivation of the metallic interface.
These findings open the route to high voltage and high
power devices for power electronics and electrical energy
management.

These achievements are the results of new diamond growth
conditions developed at the Néel Institute for better control
of dopant incorporation, as well as a new surface treatment
method based on ozone produced by Vacuum UV, developed
in collaboration with the NIMS Laboratory (Tsukuba, Japan).

Device simulations and studies of high voltage bias conditions
in air were performed at the AMPERE Laboratory (INSA
Lyon). Finally, very high voltage was applied to a diamond
device at ISL (Institut Franco-Allemand de Recherches de
Saint-Louis), demonstrating a 10kV break-down voltage
for the diamond rectifier. For the first time, the breakdown
field of 10 MV/cm predicted a long time ago might really
determine the maximum voltage of these diodes, because of
their ideal surface and interface passivations. Other device
architectures, using both heavily and lightly doped diamond
epilayers, have also been investigated. They demonstrated
current densities in the forward regime as high as 50 A/cm?
under 4 volts at 300 K.

These new results show that diamond is well able to fulfil
its promise, provided that appropriate growth methods and
treatments are implemented. Such advances pave the way
to high voltage and high power electronic devices, with
superior performance in comparison to usual silicon or to
innovative silicon carbide devices.
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— Current density vs d.c. voltage applied to
a diamond Schottky diode at 300 K in vacuum,
showing the 10kV reverse breakdown voltage.

A picture of the diamond crystal is displayed in
the inset, with the four ohmic contacts in the
corners and 49 diodes in the center.



"First light" for NIKA:
Neéel IRAM Kinetic Inductance Detector
Array for mm-wave Astronomy

Last October, a new generation of detectors for millimetre-wave astrophysics
was tested at the IRAM observatory on Pico Veleta near Granada (Spain).

The KIDs (Kinetic Inductance Detectors) development is the result of a strong
collaboration between a number of European groups, coordinated in Grenoble
by the Néel Institute’s HELFA group. The collaboration includes SRON-Holland

(in particular A. Baryshev), University of Cardiff, Max-Planck Institute for
Radioastronomy, Bonn and Universita La Sapienza Roma.

IRAM is an Institute for Millimetre Wave Radioastronomy
funded by the Max-Planck Institute and the CNRS, with
headquarters in Grenoble (Saint-Martin d'Héres). The IRAM
operates an interferometer on the Plateau de Bure, south of
Grenoble, and the 30 m telescope on Pico Veleta. Recently,
the IRAM issued a call for proposals for a new generation
imaging instrument for the 30-m telescope. The Néel
Institute has proposed an instrument based on a *He-*He-
dilution cryostat (developed in-house by the HELFA and
Cryogenics Groups) and large arrays of low temperature
millimetre wave detectors. The other proposals are the
GISMO instrument of the Goddard Space Flight Center
(USA) and further development of the present instrument,
MAMBO-2 ( MPI, Bonn).

Two years ago, a new concept of detectors based on
superconductor resonators, the Lumped Element Kinetic
Inductance Detectors (LEKIDs) was proposed by Simon
Doyle (University of Cardiff). This idea has been developed
by our group in Grenoble, in close collaboration with Cardiff.
LEKIDs are “lumped element” resonators coupled to the
incoming radiation. Large arrays of such detectors can be
made by changing slightly the geometry of each detector,
and so adjusting their individual resonance frequencies. An
electromagnetic wave incident on a given detector induces
small changes in its resonance characteristics. The read-
out electronics is based on the measurement of the overall
transmission of the multi-detector microwave circuit, and
the identification of the frequencies corresponding to the
different detectors. Several hundred such detectors can be
measured with a single RF read-out circuit. New frequency-
multiplexing electronics has been developed for this purpose
in-house by the Néel Institute’s Electronics Group.

The first (and only other) demonstration of an astrophysical
application of KIDs type detectors was made by Caltech-]PL
in 2007 at the Caltech Submillimeter Observatory (CSO) on
Mauna Kea, Hawaii, for an antenna-coupled design. Our test
at IRAM Pico Veleta is the first demonstration ever of the
LEKIDs concept. The sensitivity was more than a factor of 10
better than that obtained in the trial at the CSO telescope.
Several astronomical sources were detected in order to
measure the instrumental sensitivity (see http://www.
iram.es/IRAMES/mainWiki/NéelBolometer for a detailed
description of the run history).

The success of the technical run, and in particular of the
camera equipped with the LEKIDs array, shows the strong
advantages of the Néel proposal and further improvements
are planned for the next test in October 2010.
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Image of Active Galactic Nucleus object BL1418+546.

LEKIDs array designed and fabricated in house
(Nanofab, Service Cryogénie).

The 30-m IRAM dish at Pico Veleta.
2850 metres altitude.
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In vitro neuron networks on a chip
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Patterned in vitro neural networks can form functional logical circuits allowing a first approach
to the computational complexity of the brain. We grow neural networks where the inter-
cellular information flow is accurately controlled by exploiting substrates with specifically
designed micro-patterns. The networks are positioned on silicon nanowires patterned into
field effect transistors dedicated to the study of the neurons’ electrical activity.

Neurons are cells that are dedicated to the transmission and
processing of information. Specific morphological features
underlie their functional properties- a neuron is “polarized”
in the sense of having an input end and an output end. It is
constituted by a cell body (or “soma”) and a burgeoning of
fine cables (neurites) which are of two kinds: dendrites, which
form a ramified tree that collects information from other
neurons, and usually one axon that propagates the information
toward other cells. Incoming information, collected from the
neuron’s complex dendrite tree, is processed in the soma and
a new “action potential” is triggered and conveyed out along
the axon. These signals correspond to the exchange of ions
(mainly sodium and potassium ions) across the cell membrane
that modify its resting potential and travel down the length
of neurites.

For the purpose of understanding neural computation, as
ultimately performed by the brain, in vitro neuron networks
are bi-dimensional systems easy to instrument at the level of
the individual cell, most of all if their architecture matches an
underlying array of extra-cellular sensors. Building elementary
in vitro neural computation blocks necessitates a manipulation
of neuron adhesion and growth by means of micro-patterned
substrates. Ultimately, mastering the inter-cellular information
flow by a control of neuron polarity is required to achieve
precise network engineering. This means an in vitro control
of the last step of neuronal differentiation that is axonal
polarization, i.e. the differentiation of one undifferentiated
neurite into an axon, the others becoming dendrites.
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Here we show that neuron polarity can be manipulated
by exploiting substrates with specifically designed micro-
patterns that confine cells within predefined geometries
capable of tuning their mechanical properties and their inner
organization. The control of neuron topology demonstrated
here (Fig. 1) provides a novel and simple tool for the design
of in vitro networks.

To instrument the neural network shown in Fig. 1, silicon
nanowire arrays were fabricated on SOI (Silicon on Insulator)
substrates by combining optical and electron photolithography
techniques (see Fig. 2). The detection/stimulation device is a
thin channel, 100 nm wide and a few microns long, which
neurites are forced to cross. Custom-made electronics
providing simultaneous recording of 12 channels has been
designed at the Institut Néel for this work.

Figure 2: (A) alignment of the adhesive pattern (in green),
corresponding to the triangular network shown in
figure 1, above a twelve nanotransistor array,

(B) zoom on two nanowires after neuron plating
and immunolabelling that reveals the two main
components (actin in red, tubulin in green) of the
neurite cytoskeleton.

Figure 1: triangular, controlled network of neurons.
A patterned substrate has forced each neuron to
position its axon (the axon base is coloured in red)
and its dendrites in the geometry seen here.
(Inset: in green, shape of the adhesive pattern).



Rapid growth of deuterated KDP crystals for

frequency conversion in the "Laser MegadJoule" facility

The Néel Institute has a well established expertise in crystal growth. Among the many growth techniques used,
crystal growth in solution (flux method) at high or low temperatures (close to room temperature) allows
synthesis of crystals that undergo a phase transition or decomposition before melting. The major drawback

of these techniques, when compared with growths from the melt, is the limited growth rates that can be achieved.
As a result, growth runs can extend over several months for very large crystals, hence the interest in developing
techniques able to increase growth rates by an order of magnitude. The expertise of the Néel Institute

“Matériaux, Optique Nonlinéaire et Plasmonique” team in such techniques is the basis of a joint study

involving the CNRS, the CEA and the company St Gobain Crystals in view of the growth of giant crystals

for the “Laser Mégajoule” facility.

The “Laser Mégajoule” (LM)) facility currently being set
up near Bordeaux will be dedicated to the production and
the study of high energy plasmas. Each one of the 240
laser lines constituting the LM] facility includes three
KH,PO, (KDP) single crystal slabs of 40x40 cm? in aperture:
one for the Pockels cell and two for the frequency conversion
(IR-visible-UV) and focusing system. Such large aperture slabs
require growing very large KDP boules (about 300kg).

So far, these giant crystals have been synthesized by lowering
the temperature of a 1000 litre solution containing a KDP
point seed. To reduce the growth time growth rates are
increased by one order of magnitude through a technique
based on the continuous ultra-filtration and thermal
conditioning of the solution. This technique allows reaching
very high supersaturations, to go far from thermodynamic
equilibrium in the metastable region without spurious
nucleation. The French company St Gobain Crystals uses
this technique to produce all the giant KDP crystals needed
for the LMJ. However, these crystals can not be used for the
visible-UV convertors because of a residual absorption which
lowers their laser damage threshold so much that the optical
components would not resist. To avoid the Raman effect
responsible of thisabsorption, partially deuterated KDP crystals
(K(Dy1.4H,),PO,) have to be used.

The LM]J requires single crystal slabs with a deuterium
ratio above 60%. To grow this intermediate composition
solid solution rapidly, the temperature lowering technique
used for KDP is inapplicable. In fact, the continuous
modification of the thermodynamic conditions of growth
(temperature and supersaturation) leads to modifications
in the growth mechanisms: diffusion to and on the growing
surfaces, adsorption... There are consequences at the
chemical, morphological and mechanical levels leading
to a significant lowering of the quality of the grown crystals.

The Néel Institute team has developed an original technique
that allows us to achieve rapid growths in stationary
thermodynamic conditions. Done at constant temperature
and supersaturation, the growth uses a transport technique
where the solution is circulated between two different
containers of the reactor. In the first one, at higher
temperatures, a high solute concentration is maintained by
the dissolution of a deuterated KDP powder whose synthesis
had first been optimized.

This solution is then transported into another container
(the growth zone) kept at a lower temperature containing a
KDP point seed. The temperature is chosen so that the rich
solution arriving becomes heavily supersaturated hence
leading to high growth rates. To avoid spurious nucleation,
the solution is treated in-line while it passes from the
enrichment zone to the growth zone. Because the time for
treatment is reduced, the treatment must be highly efficient.
That is why ultra-filtration and thermal conditioning are
supplemented by high power ultrasounds which efficiently
disaggregate clusters of molecules that are the starting point
of the spurious nucleation. The combined effect of solution
treatment and high supersaturations allows us to reach
growth rates over 10 mm/day instead of the fractions of
a mm per day rates that are generally observed with standard
solution growth techniques.

This technique has been successfully applied for the growth of
organic-inorganic hybrid crystals as well as KDP. The optimal
rapid growth conditions for deuterated KDP (DKDP) are being
investigated in partnership with the CEA which is in charge of
building and operating the LM] project.

Crystals of Deuterated
KDP of size several
cm? obtained by rapid
growth in solution
under stationary
conditions.

CONTACTS
Julien ZACCARO

Alain IBANEZ

J. Zaccaro, A. Ibanez, brevet CNRS
Ref. PCT/FR2007/00198
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Scientific prizes

The nanomanipulator stationed
at the "Cité des Sciences”, Paris.

Florence MARCHI

Prize for innovative education

Florence Marchi (Néel Institute researcher and Associate Professor at Université Joseph
Fourier) has received the prize for innovative education at the 8" French-speaking Colloquium
for Teaching Systems and Information Technologies and Sciences (CETSIS). The prize was
awarded for her presentation of the force-feedback nanomanipulator, which allows students
and the general public to “touch the Nanoworld with their fingertips”.

In close collaboration with Annie Luciani and Jean-Loup
Florens of Grenoble Institute of Tehnology's Computer
Arts Laboratory (the ICA/ACROE), Florence Marchi and her
colleague J6el Chevrier (also of Université Joseph Fourier and
Néel Institute) developed a force-feedback nanomanipulator
to probe the interaction forces between an Atomic Force
Microscope tip and a surface.

This prototype, unique in the world, is an exceptional
educational tool. It is the result of inter-disciplinary research
involving the Néel Institute and the ICA/ACROE on the
development of innovative instruments for the handling
of nano-objects. It is implemented in Grenoble on the
Nanoworld platform of CIME-Nanotech, and is used to teach
nanosciences at the Bachelor and Master levels.

A version designed for the general public was also built as a
showcase station for the exhibition “Nanotechnology — the
Infinitely Small — Maximum Challenges” which has travelled
widely in France and Europe and has already received more
than 200,000 visitors. With these instruments, it has been
possible to spread knowledge of the nanosciences to high-
school students using the “multi-sensorial” aspect of the
instrument, which implements virtual reality techniques
coupled to a haptic (i.e. touch-technology) interface.

CIME-Nanotech (a joint facility of Université Joseph
Fourier and the Grenoble Institute of Technology) is
the Inter-university Centre for MicroElectronics and
Nanotechnologies.



From left to right:
Gerd LITFIN, president of the DPG, Le SI DANG, directeur de recherche CNRS, Michéle LEDUC, vice president SFP.

2010 laureate of the Gentner-Kastler prize

Le Si Dang CNRS researcher and member of the “Nanophysique et Semiconducteurs” group
of the Néel Institute, is the 2010 laureate of the Gentner-Kastler prize for his contributions
to the study of polaritons in low-dimensional semiconductors and for the discovery of their

Bose-Einstein condensation.

Phase transitions to quantum condensed phases - such
as Bose-Einstein condensation (BEC), superfluidity, and
superconductivity - have long fascinated scientists, as they
bring purely quantum effects to a macroscopic scale. BEC
has famously been demonstrated in dilute atom gas of
rubidium atoms at temperatures below 200 nanokelvin, or in
superfluid liquid helium. Much effort has also been devoted
to finding a solid-state system in which BEC can take place.

Le Si Dang and his colleagues (R. André, ). Kasprzak,
M. Richard) have realized such condensation for polaritons
in a CdTe-based, semiconductor microcavity. Polaritons are
quasi-particles resulting from the coupling of electronic and
photonic quantum states. Above a critical density, Le Si Dang
and his coworkers observe massive occupation of the ground
state developing from a polariton gas at thermal equilibrium
at 19 K, together with an increase of temporal coherence
and the build-up of long-range spatial coherence and linear
polarization, all of which indicate the spontaneous onset of a
macroscopic quantum phase.

This quantum state, observed for the first time inside a
solid, is of considerable importance in physics. These studies,
performed in collaboration with B. Deveaud’s group at EPFL
Lausanne, are exceptional contributions to fundamental
research and to semiconductor physics.

The Gentner-Kastler prize is a joint prize of the Deutsche
Physicalische Gesellshaft and the Société Francaise de
Physique. It is awarded one year out of two by the German
society to a French scientist and the following year by the
French society to a German scientist.

The prize ceremony took place in March 2010 during the
annual meeting of the DPG in Regensburg.

LATE NEWS

Benoit BOULANGER
has been awarded the ixcore
Research Foundation prize.

Bernard PANNETIER

is the 2010 laureate of the

Jaffé Prize in Physics attributed by
the French Academy of Sciences.
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