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In 1968, cinemagoersmarvelfed at

Not anymore.

By Jezz Leckenby

n many ways, nanotechnology sounds like science

fiction. Even the word nano — which derives from

the Greek word for dwarf and means one billionth

of a unit — sounds fantastical, implying that we are
entering the realm of the very building blocks of our
universe. Today, however, fantasy has become reality:
nanotechnology involves the study and manipula-
tion of matter on an ultra-small scale (to put it into
perspective, a single human hair is around 80,000
nanometres in width, and one nanometre equals one-
millionth of a millimetre).

The technology stretches across the scientific spec-
trum, touching medicine, physics, engineering and
chemistry, as well as influencing manufacturing and

Fantastic Voyage,
which a group of miniaturised adventurers are injected
blood stream to remove a blood clot on his brain. Pure

a film in
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even the materials being used. Small, it seems, really
is beautiful.

SMALL BEGINNINGS

The origin of applied nanotechnology goes back to
the mid-seventies, with the invention of scanning
tunnelling microscopy by IBM scientists Gerd Binnig
and Heinrich Roehrer. This paved the way for a fam-
ily of tools capable of visualising, measuring and
manipulating matter at the atomic and molecular
scale. Known as scanning probe microscopes, they
enable scientists to stretch, cut and reassemble mol-
ecules to form new materials and structures, all on the
nanometre scale.




Chief among these is the atomic force microscope
(AFM), which is equipped with a multitude of modes
that enable characterisation on the nanoscale. The
AFM can measure physical, chemical and electri-
cal properties with nanometre precision, allowing
researchers to develop new families of structures with
performance abilities well beyond the dreams of our
predecessors just 25 years ago.

Since then, major research and development efforts
have evolved worldwide, with Thales in the vanguard
both in research and application.

Much of the company’s latest work in nanotech-
nology stems from Thales Research and Technology
(TRT) and the collaborative facilities it establisled on
the campus of the Ecole Polytechnique in Palaiseau
(France) in 2005. TRT, the Ecole Polytechnique, the
Institut d'Optique (10) and the Centre National de la
Recherche Scientifigue (CNRS) work together on inno
vative projects in the state-of-the-art facilities.These
are carried out and managed either in partnershipro
entirely by one of the four partners.

Of course, in some ways, nanotechnology is a
matter of perspective. AsJean-Pascal Duchemina
senior scientist working at TRT, points out, “there
are many things that now fall under the umbrella of
nanotechnology, which had already existed but were
not considered nanotechnology originally, and were
subsequently classified as such.”

Duchemin cites the example of the European
Nanoelectronics Initiative Advisory Council (ENIAC),
which has been piloting research on the subject
throughout Europe.

“This group decided that once any microelectronics
components have been reduced in size below 100 nano
metres, they should be classed as ‘nanoelectronjts’
Duchemin explains. “However, Thales had already bee
working with components that were less than a nano-
metre in scale before this new definition. It was aase
where Thales had already been conducting researaloi
nanotechnology without necessarily calling it such.

According to Philippe Valery, strategic director of
TRT, the group is investigating and ultimately hopes
to introduce nanotech-based solutions for the next
generation of aerospace, defence and security appli-
cations. Thales is making significant investments in
this technology, in parallel with traditional product
development strategies, and the aim is to use nanote-
chnology as a stepping stone for new and potentially
ground-breaking opportunities.

As Duchemin points out, research and develop-
ment in the area of nanoelectronics is already well
advanced at TRT: “We have conducted extensive
research into ferromagnetic materials, in which we
manipulate the ‘spin’ of electrons — known as ‘spin-
tronics’ [‘spin-based electronics’],” he explains, “as
well as giant magnetoresistance (GMR), both of
which have far-reaching applications.”

GMR was discovered in 1988 as the result of a
joint research initiative by Albert Fert and his team
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(CNRS/Université Paris-Sud 11), and Thales (then
Thomson-CSF) — Fert is now scientific director of
the Unité Mixte de Physique CNRS/Thales (a joint
physics laboratory set up by Thales and the French
National Research Agency CNRS, in association with
Université Paris-Sud).

Fert was part of the team that first saw the large
effect of GMR in multilayers — which led to his
coining the term, in fact — and went on to success-
fully explain the physics involved. His nanoscience
research, and particularly his discovery of GMR, has
had an enormous impact on information and com-
munication technologies.

“This technology has contributed to significant
breakthroughs in large capacity storage systems attie
evolution of hard drives, for example, as well as emory
capacity, in the form of MRAM,” Fert explains.

Since 1997, all hard drives have used magnetic
heads relying on the GMR of multiple magnetic lay-
ers to read the data on the disk. The performance of
these magnetic heads has made it possible to store 100
times more usable data on a disk of a given size.

In addition, work conducted by Fert and his team
covers the application of these devices in high-density
electronics as well as consumer-level magnetic sensors
(cable detection, car sensors, etc) and professional
magnetic sensors, among others.

His work had such an impact that he was awarded
the 2007 Japan Prize for having “advanced the fron-
tiers of knowledge and served the cause of peace and
prosperity for mankind”.

In the field of optronics, TRT is working to reduce
the size and number of lenses used in complex optical
structures. Nanotechnology is being applied in the
form of coatings to produce planar optics with spe-
cific properties, to help protect pilots and soldiers.

Another area is the field of sensor technology for
homeland security and environmental monitoring
applications. TRT is exploring the use of carbon nan-
otubes (CNTSs): long, thin tubes of carbon that have
remarkable electric, thermal and structural properties.
Scientists working on TRT’s facilities, includingPierre
Legagneux deputy head of the Nanocarb Lab, lead
research teams to find practical application for these
CNT “wires”. Legagneux’s group is known as the
NanoCarb Lab and comprises scientists from Thales
and Ecole Polytechnique.

One area of study within the Nanocarb Lab is in
communications satellites, where large numbers of
microwave amplifiers represent a significant draion the
limited available power. Due to the use of thermoinic
cathodes, which emit a continuous beam of electrons
these amplifiers are relatively bulky and heavy.
Legagneux’s group has developed a new
cold cathode compatible with a tube
of half the current device’s size and
weight, which uses an array of
multi-walled CNTs to produce
a very high peak current
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density. This work has been recognised by publica-
tion in the scientific journal Nature (October 2005).
Legagneux is now working on a triode device that can
produce this at an even higher modulation frequency,
the end result being a more efficient device.

CNTs are also being used in the development of
gas sensors. Using an adaptation of the Schottky
effect (tunnelling current through a potential barrier
at the interface between a metal and a semiconductor),
a nanotube is mounted between two metal contacts.
As a gas comes in contact at the interface betwee
the CNT and metal, the conductivity between the
contacts will change. Using different metal contacts,
individual gases will have a specific “fingerprint”,
resulting in a potentially highly selective detector.

In biosensing — the identification and/or monitorng
of biological phenomena, including bacteria, viruse
and biological toxins for biowarfare defence — sition
nanowires are preferred because disruptive biomaier
als may be irreversibly absorbed on to the surfacef
the carbon nanotubes that would normally be used.
Moreover, silicon nanowires are larger and easiet
work with. Using specific bioreceptors attached to
the nanowires, absorption is again very selectivauibis
reversible, making the sensors reusable.

The Nanocarb Lab is working to develop this,
based on work first published by Charles Leiber’s
Harvard research group. The work pushed the fun-
damental limits of these devices, enabling important
biological problems to be addressed, such as the
detection of diseases and biowarfare agents.

“Ourwork in nanotechnology is truly wide-reaching
and has long-term potential applications,” Duchemin
says. “For example, Sylvain Combrié researcher at
TRT, is working with nanostructures, building up
structures on surfaces at the nano level. In such a
case, the holes in the structure may be smaller than the
wavelength of light — too small for light to penetrate.
As such, a nanostructure can create the effect known
as ‘slow light' — literally, the slowing down of the
passage of photons. Information can be light-coded
before passing through a slow light apparatus, which
may have applications in phased array antennas and
could even replace phase-converters.

“In addition, Jean-Paul Pocholle senior scientist at
TRT, is working on ‘cold atoms’, which has practich
applications in GPS technology. According to the de
Broglie hypothesis, any moving particle or object &s an
associated wave. Therefore, if you take a collectioof
atoms and ‘cool’ them to an extremely low temperate
— which means to slow them down, because in a gas,
the internal kinetic energy of an ensemble of atomis

a function of the temperature — these atoms move

only a few millimetres per second, and then
their wavelength can be measured. This
enables us to create incredibly sensitive
systems of measurement.
“This is an interesting area
of research,” Duchemin adds.
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“It will help long-term submarine missions, ones that
stay underwater for two years for example, and then
return and surface within a few centimetres of their
point of origin. We're working on this generation of
GPS in association with a number of labs in France
and across Europe.”

NANOTECHNOLOGY TODAY
As a disruptive technology, nanotech is in the process
of rewriting the rules of science, and R&D:
“Nanotechnology is changing everything from elec-
tronics and electromagnetic technology, to everything
mechanical as well,” says Duchemin. “As a conse-
quence, these areas will evolve dramatically in the
future. All of this will have concrete consequences for
Thales, and TRT is working to maintain a position in
the vanguard of this science, both in terms of research
and application.”

Does this mean theFantastic Voyageis going to
happen in our lifetime? Scientists at Rutgers Univsity
said yes back in 2002. By 202@rofessor Constantinos
Mavroidis and his nanorobotics group believe that
nano-sized robots may well be able to make that jou
ney. However, there is a long way to go.

Now leading his group from Northeastern University
in Boston, Professor Mavroidis is a mechanical engi
neer with a practical approach to commercialisation
He sees a roadmap stretching out for years, from dii
vidual components such as sensors, switches and
motors, to assembling these components as a device.
With these devices being so small as to be inviglto
the naked eye, stage three has to deliver the dyilio
communicate with and control the devices remotely.
Stage four — commercialisation — may be some distza
in the future, but Professor Mavroidis believes itnay be
a reality in the lifetime of our children.



