


Message of the Director

MaNEP is soon completing two years of existence. A number of remarkable results
have been obtained from research carried out during these two years. We are proud
that some of these have resulted in prizes given to MaNEP researchers. Congratulations
to Joél Mesot (Latsis prize 2002), Yuxing Wang and Frédeéric Bouquet (Swiss Physical
Society award for condensed matter physics 2003) and Pascal Ruffieux (Charmey Prize
2002). For the next two years, the challenge for MaNEP shall be to further strengthen
the research. We want in particular to do this through increased synergy and
collaborations between the groups. On the other hand we shall continue our efforts in
communication to the general public and to schoolchildren. In view of the latter we

announce in this issue that a CD-ROM and a VHS edition of the film “Voyage en classe
perovskite”, produced for the MaNEP inauguration last autumn, is now available.

In this issue we are highlighting research on carbon nanotubes with an article by
Oliver Groning on the use of these remarkable materials for field emission cathodes in flat panel displays
and other applications. This article is preceded by a broad public article about field emission. We also
continue our presentation of the MaNEP research groups, this time two groups from the University of
Geneva, one from the Paul Scherrer Institute and one from the ETHZ. The MaNEP adventure continues
and we look enthusiastically forward to meet the challenges of the third year.

Appointments and new members

Philipp Aebi formerly professor at the University of Fribourg and
leader of project 14 on "Geometry and electronic structures at near
surfaces of materials with novel electronic properties"” was appointed
professor at the University of Neuchtel, starting October 1%, 2002.
He will pursue his project in his new position.

Thierry Giamarchi was appointed professor at the University of
Geneva, starting July 1%, 2002. Professor Giamarchi joined MaNEP
on January 1%, 2003. He is leader of the new project 18 «Electronic
properties of low dimensional materials and dimensional crossover».

MaNEPs future scientists

Showing the attractivity of MaNEPs research field to the coming
scientist generations is one of the important challenges of our National
Centre of Competence in Research. Indeed a strong effort is needed
to motivate young students to enter the field of solid state physics
and in particular materials science. With this in mind MaNEP
produced “Voyage en classe perovskite”, a 15’ movie illustrating the
research carried out by MaNEP.

The scenario, written by Dominique Ziegler, mixes in a very
entertaining way the reality of present technologies with the dreams
that might come true using these new and surprising electronic
materials. “Voyage en classe Perovskite”, featuring Laurent Nicolet,
a popular Swiss actor, is specially directed towards high school students
and is meant to stimulate their curiosity. About 800 high school
students discovered the movie during MaNEPs Open House event
last September arousing lively discussions and a very positive feedback.
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Bruker BioSpin takes over the superconductor
division of Vacuumschmelze GmbH

The superconductor division of Vacuumschmelze GmbH has been
purchased by Bruker BioSpin on April 30, 2003. For nearly three
decades this division has been a leading supplier of low temperature
superconducting wires used in a variety of applications including
medical and analytical equipment. Vacuumschmelze GmbH was
the first company to master the large scale production of Nb,Sn
bronze technology wires, thus allowing the introduction of high
field NMR magnets operating in persistent mode. It is also a leader
in developing the emerging next generation of high-T
superconducting products.
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The movie is now available on request (CD-ROM or VHS ).
Contact isabelle.bretton@physics.unige.ch.




Electron emission: a bit of history

At the end of the 19" century, physicists were very much interested in
cathode rays which were produced in glass tubes under vacuum. The
experimental setup used for such experiments was called Cathode Ray
Tube (CRT) and the physical nature of these rays was not well understood
until 1897 when J. J. Thomson observed that the cathode rays are made
up of very small, negatively charged particles that are fundamental parts
of every atom. He had just discovered the electron ! In 1906 he received
the Nobel Prize for that major result. The CRT’s electron source was
simply a heated filament placed in a vacuum tube similar to a light bulb.
The development of various CRT-based electronic devices had, in the
beginning of the 20* century, a strong impact on society. The CRT was
notonlyan essential component in the development of the radio transistor,
but also in early telephone equipment, television, and computers. The
increase in complexity of these devices rapidly got stuck by two major
limitations: the CRT elements needed alot of space and lacked in reliability.
Itisonly in the fifties that
the CRTs became
obsolete after another
technology revolution:
the discovery of the
silicon  transistor.
Nevertheless, CRTs
remain nothing but the
ancestors of our
nowadays well-known

TV tubes.
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JJ. Thomson with his equipment

In a TV tube the stream of electrons is focused into a sharp beam using
electromagnetic lenses. This electron beam is then accelerated, deflected
and send through the vacuum of the tube, to finally hit the opposite
screen. That screen is coated with phosphor, which glows when struck by
the beam. In a colour TV screen there are three types of phosphors which
are arranged in dots emitting red, green and blue (RGB) light, each of
them being illuminated by a differentand independent beam. This allows
to output a large colour spectrum by superposition of the three
fundamental RGB colours. The entire screen is scanned about 30 times
per second by the electron beam allowing the production of an image in
motion. In order that the deflected electron beam reaches the whole area
of the screen, the source needs to be mounted “far” away. The larger the
display area, the deeper the vacuum tube. This is the obvious reason why
traditional TV screens are so bulky !
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In recent years, the advent of the digjtal revolution has led to a strong
demand for larger screens and higher resolution. Since conventional CRT
displays suffer from their size and weight, new technologies have been
developed like liquid crystal (LCD) and plasma displays. The LCD
technology provided flat screens, however with the drawbacks of low
image quality, a restricted field of view and a high cost. Some of these
drawbacks were partially resolved in active matrix LCD and plasma displays
which have much higher refresh times and an increased image quality.

Electron Emission: Towards New Sources

Carbon nanotubes: new electron sources

Carbon atoms can be arranged in regular geometric structures.
Interestingly; nature does not allowan infinity of possibilities. Solid carbon
crystallizes into graphite, as commonly used for pencils or into diamond.
However, in the early nineties, H. W. Kroto madean outstanding discovery.
He found a third carbon structure — the fullerenes — and received the
Nobel Prize of chemistry in 1996. The best known fullerene is the buckyball
which is made of 60 carbon atoms arranged into a spherical pattern like
asoccer ball (a regular truncated icosahedron, for the specialists!). A related
fullerene is the so-called carbon nanotube (CNT) first discovered in 1991
at NEC corporation in Japan. A nanotube is made of millions of carbon
atoms arranged in a flat hexagonal pattern rolled-up into a long thin
cylinder of typically 10nm in diameter and several microns in length.
Nowadays one can produce nanotubes in a controlled way.

CNT are subject to intense scientific research worldwide due to their
outstanding and promising electrical properties. Their electrical behaviour
made them in particular suitable for building a new generation of flat-
screen displays called the Field Emission Display (FED), as discussed in
the scientific article of this Newsletter. FEDs work like conventional CRTs,
except that each single pixel is illuminated by its own electron source,
which is made of hundreds or even thousands of well aligned carbon
nanotubes. The CNT emits electrons when exposed to an electric field,
making possible to produce screens that are paper thin! Samsung was first
to demonstrate that flat screens as bright as CRTs and as flat and thin as
LCDs were feasible. Two years ago they even promised a 32-inch TV
screen for Christmas 2003...

Carbon nanotubes also have a great potential for other high-tech
applications, such as new xray sources, new non-volatile computer
memories or single-molecule transistors, as resported in highlights on
page 7 of this issue or in the MaNEP Newsletters 1 and 3. Nanotubes are
furthermore very promising candidates for hydrogen storage tanks to be
used in fuel cells that might power the cars of the future. Finally, due to
their outstanding mechanical properties, sheets of nanotubes could provide
new materials for building lighter and more resistant airplanes or cars and
even artificial muscles.

Electron emission
spot on a phospho-
rous screen from a

single CNT.




Neutron Scattering in Cuprates and Quantum Spin Systems

W Drof. A. Furrer — albert.furrer@psi.ch
Laboratory for Neutron Scattering — ETH Ziirich and PSI Villigen
CH-5232 Villigen PSI — http://Ins.web.psi.ch

The experimental activities are primarily based on the spallation neutron source SINQ at PSI
Villigen. The diverse instrumentation for neutron scattering experiments is available to the
partners of MaNEP on a collaborative basis. Our research within MaNEP concentrates on
investigations of the statics and dynamics of cuprates and quantum spin systems.

At present our research is focused on studies of

(2) Doping, pressure and isotope effects on the pseudogap in rare-earth based high-temperature
superconductors by neutron spectroscopic measurements of the relaxation rates of crystal-field
excitations. The observation of large upward shifts of the pseudogap temperature upon copper
and oxygen isotope substitution [1] as well as pressure application points to the importance of
lattice effects for the understanding of the pseudogap phenomenon.

(b) Vortex structure and spin dynamics in high-temperature superconductors. By means of small-angle neutron scattering (SANS) we have been able to
observe vortex lattices in all doping regimes of La, St CuO,. In the overdoped regime a field-induced transition from hexagonal to square coordination at
around 0.4 Tesla was observed [2] which is indicative of in-plane anisotropies such
as those provided by a d-wave order parameter or the presence of stripes.

(0) Field-induced quantum phase transitions in the Cu** dimer compounds ACuCl,
(A=K, TI) which exhibit a singlet-triplet energy gap in zero field. At a critical field
H_ the lowest components of the Zeeman split triplet (which can be regarded as
diluted bosons) intersect the ground-state singlet, thus Bose-Einstein condensation
isexpected to occur. The magnetic excitation spectrum associated with the condensate
has been theoretically predicted to be a gapless Goldstone mode which we verified

by inelastic neutron scattering experiments [3].

References:

[1] D. Rubio et al., Phys. Rev. B 66, 184506 (2002). SANSS diffraction patterns of the vortex lattice in La, ,,Sr, ,,CuO,. As the
[2] R- Gilardi et al., Phys. Rev. Lett. 88, 217003 (2002). applied field is increased, the vortex lattice changes from hexagonal
[3] Ch. Rtegg et al., Nature 423, 62 (2003). (left) to square (right) coordination.
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Nanoscopic Dielectrics And Mesoscopic Properties of Superconductors

Prof. M. Biittiker — buttiker@serifos.unige.ch
DPT- University of Geneva, 24 Quai E.-Ansermet
CH-1211 Geneva 4 — http://theory.physics.unige.ch/~buttiker/

The group's research focuses on electron transport in structures that are so small that
electron wave interference is relevant. Of interest are processes which can destroy quantum
interference effects and describe the transition from mesoscopic behavior to macroscopic
behavior. The group has played a leading role in the development of a theory of shot
noise of such small systems. Shot noise permits to reveal properties of a conductor
which are not accessible through conductance measurements. In particular we have
recently investigated shot noise of hybrid normal superconducting systems. The
superconductor acts as a source of Cooper pairs.

For experimentally relevant geometries we have investigated the conditions under which

Cooper pairs can change the sign of current-cross-correlations. Cooper pairs emitted by | W&
a superconductor represent pairs of e : - =
entangled electrons. We presently work out predictions for an experiment which can reveal

N, FN
/ M T the entanglement. The realization of source of entangled electrons would open a field similar
1S . . . .
to quantum optics but now with massive particles.
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Vi=Vo— S An alternative way of learning more about the properties of a small system without driving
the system to far out of equilibrium is two parameter pumping. Two perturbations (voltages)
oscillating slowly at the same frequency but with a phase lag applied to a conductor can
generate a directed current.

N 2\\ N, T, References:

V, =V [1] P Samuelsson, M. Blittiker, Phys. Rev. Lett. 89, 046601(2002).
[2] P Samuelsson, E. V. Sukhorukov and M. Buttiker, cond-mat/0303531.

A schematic piCtUre of the chaotic dOt—SUperCOndCtOr [3] M. MOSkaletS, M. Buttlker, Ph_yS Rev. B 6(), 205320 (2002)
analog of the Hanbury Brown-Twiss experiment [1].




FP Research Network

Superconducting and Magnetic Properties
of Complex Oxides

Prof. @. Fischer — oystein.fischer@physics.unige.ch
DPMC — University of Geneva, 24 Quai E.-Ansermet
CH-1211 Geneva 4 — http://dpmc.unige.ch/gr_fischer

Materials with novel electronic properties are at the center of investigations in the
various teams composing the group. A wide range of experimental facilities are
dedicated to the synthesis of materials, the characterization of their electronic or
structural properties and the fabrication of devices for technological applications.

Materials consist of epitaxial thin films, in the form of simple or heterostructures,
deposited by magnetron sputtering (in near future also by laser ablation). The
structural characterization is performed through x-ray diffraction, and standard transport measurements are used to investigate the electronic
properties of the compounds. Many of the materials studied are superconductors, with focus on the vortex phase diagram, inter and intralayer
coupling, the effects of stress or of very high current densities, charge doping and intrinsic tunneling in highly anisotropic materials. Other
unconventional material like ferroelectrics, or colossal magnetoresistance compounds are also
under investigation.

Surface studies by scanning tunnelling microscopy are performed using both room temperature
and very low temperature instruments (down to 0.3K). Studies are covering the in-situ
investigations of thin film growth, nanolithography, potentiometry, spectroscopy of the
electronic states of highly correlated electronic systems, charge doped systems with field effect,
conventional and high temperature superconductors, together with the observation of vortices
and spectroscopic measurements of the core states.

The use of superconducting thin films to fabricate fault current limiters is part of the global
goal to develop technological applications using high temperature superconductors. The
research is pushing this trend in collaboration with ABB towards the optimisation of device
performances, and the reduction of production costs.

References:

[1] M.R. Eskildsen et al., Phys. Rev. Lett. 89, 187003 (2002).
[2] S. Reymond et al., Phys. Rev. B 66, 14522 (2002).

[3] B. Grévin et al., Appl. Phys. Lett. 80, 3979 (2002).

Resistive fault current limiter using YBa,Cu,O, thin
films grown on 2" saphire substrates.

Synthesis of Magnetic and Conducting Nanoscopic Particles

Prof. Reinhard Nesper — nesper@inorg.chem.ethz.ch
Laboratorium fiir Anorganische Chemie, Wolfgang-Pauli-Str. 10,
ETH-Honggerberg — CH-8093 Ziirich

http://www.inorg.chem.ethz.ch/solid/home.html

Ovur synthetic work focuses on the development of new materials and the controlled synthe-
sis of nanoscopic particles. The formation of pronounced anisotropic morphologies (fibers,
rods, tubes) is here of special interest. Once fibrous materials are formed, we are able to coat
them by different processes in order to obtain multilayer composites [1].

The discovery of supercon-
ductivity in MgB, has directed our attention to further investigate several isoelectronic ma-
terials discovered by us, namely LiBC and MgB,C, [2]. Theoretical calculations predict a
superconducting transition temperature as high as 100 K for hole doped LiBC. Doping
with other metals, removal of cations by different methods as well as high pressure experi-
ments are currently performed to modify the electronic structure and subsequently the
conductivity properties of these compounds.

Our materials are structurally characterized via X-ray diffraction experiments on single crys-
tals and powders. Magnetic and electric properties are investigated by us with a SQUID-
magnetometer and a self designed conductivity measurement setup, which allows us to
work also with air-sensitive samples.

References:
[1] R.Nesper & G. Patzke, Nachrichten aus der Chemie 49, 886 (2001).
[2] M. Worle et al., Swiss Soc. Cryst., Ann. Meet., Yverdon, Oct. 2001.

REM photograph of of vanadiumoxide nanotubes.




Scientific Article

Carbon Nanotube Field Electron Emitter
Oliver Gréning, EMFPA Thun & University of Fribourg, Switzerland

Research Group

The research group
Nanotech@Surfaces has
been established on the
1.1.2003 as division 127 at
the Swiss Federal Laborato-
ries for Material Testing and
Research (EMPA) in Thun.
It has been formed out of
members of the solid state
physics research group of
Prof. Louis Schlapbach of
the University of Fribourg
and is headed by Dr.
Pierangelo Gréning.

The research of the group
focuses on self-assembly
and characterization of
organic molecules at
surfaces, plasma-
enhanced chemical vapor
deposition of plasma
polymers and carbon
nanostructures as well as
on fundamental aspects of
the electronic properties of
carbon nanotubes and
their application as field
electron emitter.

EMPA

Corresponding Author:
Dr. Oliver Gréning
OliverGroening@empa.ch

Results

Carbon nanotube (CNT) field emitter can be re-
garded as the second-generation electron sources
following the metal and silicon micro-tips. Due to
high aspect ratio, chemical inertness, good conduc-
tivity and simple production methods CNT have
attracted great interest as field emission (FE) elec-
tron sources. The successful development of CNT
FE-cathodes requires the characterization of single
emitter in the cathode as well as the investigation of
the global emission properties which we achieve us-
ing a homebuilt scanning anode field emission mi-
croscope (SAFEM). We have identified bad contact
to the CNT as being one of the major hindrance in
the performance of planar CNT FE-cathodes[1].

Introduction

Just about one decade after their discovery by S. Iijima
CNT have become a unique model system in the do-
main of nanomaterials. This is due to outstanding
physico-chemical properties, e.g; singlewalled CNT ex-
hibit an axial tensile strength 50 times higher than of
high grade steel. Further they show metallic or semi-
conducting electronic behavior. The wide range of fa-
vorable properties qualifies CNT for many different ap-
plications from reinforcement of composite material to
field effect transistors. In this respect electron field emit-
ter might be the CNT application closest to make in to
the consumer market, e.g. Samsung is currently devel-
oping a CNT based 42” field emission flat panel dis-
play (FED) for the home entertaining market.

The potential of CNT to serve as field emitter resides in
their high aspect ratio leading to strong enhancement
of an applied electric field at their apex. This effect en-
ables the local generation of electric fields of the order of
3000 MV/m needed to field emit electrons using ap-
plied electric fields of only a few MV/m.

Figure 1 shows a SEM-image of a typical layer of multiwalled CNT (MWNT) on a Si-
Wafer grown by chemical vapor deposition (CVD) [2]. The individual tubes are ran-
domly oriented with typical diameter of 20 nm and length of up to a few pm. Figure 2
shows a SAFEM map of a 270x270 pm? region the sample depicted in Figure 1. The
map shows the voltage V(x,y) required to obtain a field emission current of 11 nA asa
function of the lateral position of a tip-shaped anode. The vertical distance between the

sample and the anode is 4-5 um.
The circular dips in the voltage
map represent the emission of in-
dividual, strongly emitting (high
field enhancement) nanotubes.
The right region has been strained
only with small emission currents
of 11 nA and represents the genu-
ine emission of the sample. The
regions on the left hand side have
been strained with higher emis-
sion currents of 1.5 UA and 2.0
UA. The degradation of the emis-

sion properties is evident from the

higher voltages needed to get the

Fig. 1. SEM image of a MWNT thin film on silicon
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Fig. 2. Scanning anode field emission voltage map V(x,y)
of a partially high current stressed MWNT film. The mea-
surement is performed at a constant emission current of
11 nA and a anode-sample distance of 4-5 um.

emission of 11 nA as compared to the unstrained region.
For CVD grown CNT FE-cathodes we consistently ob-
serve emitter degradation for emission currents below 5
UA per single emitter. This is remarkable as for single
MWNT emitter mounted on metallic tips emission deg-
radation occurs only for currents above 100 UA [3]. De-
tailed inspection of the current-voltage characteristic on
single emitter shows in many cases a deviation of the usu-
ally expected Fowler-Nordheim emission behavior before
abrupt emitter degradation occurs. This deviation can be
modeled using a resistor limited emission model suggest-
ing a voltage drop in the contact to the nanotube of a few
volts [1]. One has to be aware that the field emission cur-
rent density at the emission site (the apex of the nanotube
in this case) can be of the order of 10° Acm™. Due to the
cylindrical shape of the nanotube one will find the same
current density at the substrate-nanotube contact. With a
voltage drop of 10 V in the contact and an emission cur-
rent of 2 JA the dissipated energy can be estimated to be
of the order of 20 mW. Due to the small cross section of
the contact (~20-30 nm) this is sufficient to melt the sub-
strate as observed by SEM and leads to emitter failure.

Outlook

The rather low critical emission current before failure to-
gether with an unfavorably large spread in the field en-
hancement distribution are today the major hindrances
to the full exploitation of the potential of CNT field emis-
sion cathodes. We are currently involved in different
projects to overcome these problems and achieve high
emission current density and homogeneity for applica-
tions in travelling wave tubes (Thales S.A.), X-Ray tubes
(Comet AG) and displays.

References

[1] O. Groning et al., Chimia 56 (2002), 553.

[2] O.M. Kittel et al., Appl. Phys. Lett. 73 (1998), 2113.
[3] M. Bonard et al., Solid-State Electronics 45 (2001),
893.

A basic introduction on electron emission is given at
the beginning of the Newsletter.




Light emitting carbon nanotubes

Scientists of the IBM Watson Research Center at Yorktown Heights,
US, have obtained a polarized infrared optical emission from a car-
bon nanotube field-effect transistor (FET).

This discovery could open the way to new ultrasmall integrated optoelectronic
devices. The device is made of a single-wall carbon nanotube lying over a
silicon substrate with a silicon dioxide top layer. Titanium contacts lithographed
on the edges of the nanotube are used as source and drain for the three-termi-
nal ambipolar FET. Electrons and holes injected in the device recombine in
the nanotube and emit infrared radiation. The wavelength of the emission is
determined by the diameter of the carbon nanotube, while the emission yield
depends on the thickness of the silicon dioxide layer. “Few years ago this
report was just a gedanken experiment. The progress in nanotechnology is
amazing!”, comments L. Forrd, MaNEP project leader at EPFL.

Reference:
X. Duan et al., Nature 421 (2003), 215.

Recent Highlights - World

New Superconductors

Since the discovery, in 2001, of superconductivity at a
temperature of 38 K in MgB,, two new superconduct-
ing materials have been discovered.

A Japanese collaboration has found a cobalt oxide to become
superconducting at 5 K [1]. Na CoO, yH,O (x~0.35, y~1.3)
consists of two dimensional CoO, layers separated by thick
insulating layer of Na* ions and H,O molecules. Marked
resemblence with the superconducting properties of high-T
compounds suggests that the two systems have similar under-
lying physics.

Superconductivity has been found for the first time in a pluto-
nium-based compound by researchers of the Los Alamos Na-

tional Laboratory, the University of Florida at Gaineville, both in the US, and the
Institute for Transuranium Elements in Karlsruhe, Germany [2]. The authors argue
that superconductivity in PuCoGa,, with a transition temperature of 18.5 K, results
directly from Pu electronic properties and makes the bridge between two classes of spin-
fluctuation-mediated superconductors: heavy fermions and copper oxides.

Atambient pressure, the highest transition temperature reported to date is 138 K. It has
been observed in Hg /Tl ,Ba,Ca2Cu,O, , [3] a substitutional alloy of the 135K com-
pound HgBa,Ca2Cu,O, , discovered by A. Schilling et al. at the ETH, Ziirich [4]. “As
the cuprates, this new superconducting compound is made of conducting planes sepa-
rated by non-metallic layers. But while the Cu atoms are arranged with a square sym-
metry in the cuprates, the Co atoms adopt a triangular pattern in the new superconduc-
tor. Another stricking feature is that Cobalt is characterized by magnetic properties
which are usually assumed to be hostile to superconductivity”, says Qystein Fischer,

Single crystal picture of the new plutonium-cobalt- MaNEP director.
pentagallium based superconductor synthetised using the
flux-growth technique. References:

Source: Actinide Research Quarterly, 3rd/4th quarter 2002,
Los Alamos National Laboratory.

[T] Y. Takada et al., Nature 422 (2003), 53.

[2] J.L. Sarrao et al., Nature 420 (2003), 297.
[3] P Dai et al., Physica C 243 (2003), 201.
]

[4] A. Schilling et al., Nature 363 (1993), 53.

Recent ab-nitio calculations suggest a very small
critical thickness for ferroelectricity in perovskite films

It has been argued for many years that, as the physical dimensions of a ferroelectric material are made smaller, the stability of the
ferroelectric phase is altered, leading to a minimum critical thickness required for ferroelectricity. Although mean field Ginzburg-
Landau type calculations have predicted a rather large critical thickness (typically 100A for perovskite thin films at room tem-
perature), recent experiments on ferroelectric copolymers[1] and perovskite films[2] have suggested a much lower critical thick-
ness. In a recent Nature paper[3], Javier Junquera and Philippe Ghosez have performed ab-initio calculations on a realistic
epitaxial structure composed of ferroelectric BaTiO, and metallic electrodes of StRuO,. These calculations  identified a critical

3

thickness value of only 24 A or 6 unit cells. The physical reason for this limit is related to the imperfect screening of the
polarization field which results in an non-zero electric field across the ferroelectric whose magnitude increases as the thickness of

the film is reduced.

“This result, if confirmed experimentally, is extremely promising for the integration of ultrathin ferroelectric films in semicon-
ductor devices”, says Jean-Marc Triscone from the University of Geneva. “It is however clear that to probe ferroelectricity down
to this size, ultrathin films with perfect crystalline quality are needed, along with a very sensitive probe for ferroelectricity. These
results were at the origin of a new collaboration within MaNEP between the team of Philippe Aebi in Neuchétel and my group
in Geneva with the goal to test this prediction in ultrathin films of PbTiO, using x-ray photoelectron diffraction”.

References:

[1] AV. Bune et al., Nature 391 (1998), 874.

[2] T. Tybell et al., Appl. Phys. Lett. 75 (1999), 856.
[3] J. Junquera et al., Nature 422 (2003), 506.




of neutron and

ission SPectrosco-
applied to high-
perature superconduc-
tors. For this purpose he
designed and realised at the
Laboratory for Neutron Scattering of the Paul
Scherrer Institute and ETH Zurich a novel
spectrometer allowing to measure with great precision
the magnetic and lattice excitations in solid-state
materials. In particular, together with his collaborators
he could show the existence of a subtle interplay
between the magnetic and electronic degrees of
freedom, which is an important result toward the
understanding of  high-temperature
superconductivity.

Yuxing Wang and Frédéric Bouquet from the group of Prof.
Junod (University of Geneva) received the Swiss Physical So-
ciety Award 2003 for Condensed Matter Physics, sponsored
by IBM, for their work on the new superconductor MgB..
Their thermodynamic studies gave very early a strong support
to the now well-accepted “two-band” model. They also ad- ¢
dressed the important issue of interband scattering effects on
this model, using neutron irradiation to artificially introduce
disorder in this material. As a result of the irradiation process,

: d of MaNEP. It is a major event, offering the
rtunity to exchange ideas and experiences at a national

Two tutorials given by S. Sachdev (Yale University; USA) and D.C.
Larbalestier (University of Wisconsin Madison, USA) will be
scheduled among the following invited speakers: H. Alloul
' (Université Paris-Sub, France), C. Bernhard (MPI Stuttgart,
niversity of Geneva, Switzerland), J. Fompeyrine (IBM Ziirich, Switzerland),
ne, Switzerland), H. Hilgenkamp (University of Twente, The Netherlands), D.
crland), B. Keimer (MPI Stuttgart, Germany), E Mila (Université de Lausanne,

ave been awarded. These awards not only show recognition but demonstrate
actively involved into MaNEP bring new insight into this research field.

Pascal Ruffieux from the
group of Prof. Schlapbach
(Univ. of Fribourg) received
the Charmey Prize 2002
awarding his excellent PhD
thesis. For the realization of
molecule-based electronic
devices and in particular
carbon-based materials the
understanding and control A

of intermolecular and molecule-substrate interactions
are crucial. He investigated the interaction of
hydrogen with sp*-bonded carbon with respect to
the energy barrier for the chemisorption of hydrogen
and the changes in the local electronic structure.
Among other important results, he could
demonstrate that the energy barrier for chemically
binding hydrogen to carbon decreases with increasing
curvature of the substrate.

the upper critical field was increased from 18 to 28 T. This
enhancement is potentially interesting for future applications.
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Scanning electron microscope image
of plasma-enhanced CVD (chemical
vapor deposition) grown multiwalled
nanotubes on iron particles.
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