At the border between molecular electronics and spintronics one, this project deals with the realization and the fundamental study of single magnetic molecules devices. To take
obtained by electromigration thanks to a close and direct collaboration between the chemists and the physicists. Several molecules with well characterized magneticbehavior will be studied, like molecular magnets based on

up the of the of a sil we develop a process of self-assembly on junctions
transition metallic atoms or lanthanides, or fullerenescages

encapsulating a single magnetic atom. It was theoretically predicted that the magneto-resistance of such a molecular junction makes it possible to highlight the tunnel effect of magnetization. Such observations would open the way to the control of the spin state at atomic scale opening
the way to molecular spintronics. In parallel withthese experiments, the theoretical team will contribute to the modeling of electronic transport through the  molecular systems having a spin, to normal or metal We will interpret our experimental

measurements of magneto-transport in different regimes, basing these results on effective models resulting frommesoscopic physics.
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Electronic lithography does not allow to pattern gap between electrodes of the order of molecule diameter which is of the order of 1 nm. An
alternative and reproducible method to realize such gaps is to control the electromigration process of atoms.
Fabrication of nanogaps is achieved by passing a large electrical current through a gold nanowire having a weak link. The current flow causes the
electromigration of gold atoms and a control of the breakage of the weak link yields two stable electrodes separated by ~ 1nm.
Our devices combine optical and electronic lithography. The first one is used to realized an Al/Al,O; gate, and the large ohmic pattern. The second
one is used to realize the nanowires with weak links.
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a) Optical lithography and electron-beam lithography allows us to define 12 nanowires with
weak links ( picture ¢ an d) above an Al/Al,O, gate . When a high current density flows through
this weak link, gold atoms electromigrate which create a nanogap ( picture b). c) d) and e) To
perform electromigration, we ramp the voltage across the weak link and measure the
conductance oh this latter. If the conductance become lower than one quantum of conductance
(2e2/h), we put the voltage at OV. On picture c, you can see the evolution of the conductance
and distinguish conductance steps. f) Schematic representation of the device g) Differential
conductance versus Drain-Source and Gate voltage at T=40mK on a Cq, device. This device
exhibits Kondo features in both charge state. The color scale is from 0 (purple) to 0.3 (red) Go

o (2e2/h).
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We study porphyrin derivative coated silicon nanowire field effeci tramlstors which display
a large, stable and reproducible conductance it upon illumi The iency an
the kinetics of the optical switching are studied as a function of gate voltage, illumination
wavelength and temperature. The decay kinetics from the high- to the low-conductance
state is governed by charge recombination via tunneling, with a rate depending on the state
of the SINW-FET. The compari to porphyrin itized Carbon Nanotube FETs allows
to distinguish the environment- and molecule-dependent photoconversion process from the
charge-to-current transducing effect of the semiconducting channel.
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@) Chemical structure of the zinc(11) porphyrin

b) Schematic drawing of the SINW-FET

device from silicon-on-insulator. The highly
n-doped SiNW is 15 nm in height, about 70 nm
in width and from 100 to 1000 nm in length.

c¢) Scanning electron microscopy (SEM) image
of an e-beam lithographed bare SINW before
pormphyrin sensitizing. The two lateral gate
electrodes visible are not used.

d) SEM image of a similar SINW after porphyrin
sensitizing : porphyrin deposits are clearly visible
in the SINW vicinity, allowing for the optical

of the device.

Variation of the photoinduced drain-source
currentAlds upon illumination as a function
of light wavelength, at a constant
illumination power of 0.5 W/m2. Light is
applied for periods of 10 s, after which the
sample is left to relax in the dark for 110's;
the covered extends from 380 to
600 nm, by steps of 10 nm. The measured
current variations clearly exhibit the
enhanced sensitivity of the device in the
0...0..0 Soret-band (422 nm) and the main Q-band
(549 nm) whlch are weII known features of
the in
toluene (purple line, superimposed l0
A (nm) the graph).
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During the first half of 2007, the LCI concentrated on two points:

ynthesis of Mn12(dict tate)16,
in order to carry out deposits on surfaces in
conditions of ultra-high vacuum by the method of the
pulsed valve; starting of the phthalocyanine synthesis
adapted to the deposit between electrodes of
gold and manganites
- Study of the deposit of the cluster
Mn12(dichloroacétate)16 on substrates (continuous) of
manganites, for their insertion within
nanogaps of this same material.
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E a
w0 Controllable = junction in a Josephson quantum-dot device with molecular spin
g LSMO-LSMO electromigrati ith f i
g ¢ - electromigration Quantum dot with fixed molecular spin S (molecular magnet)
Z attempt unsuccessfull ) ) o .
% Exchange interaction between the electronic spin on the dot and the molecular spin (s=J S)
i E)
g When spin interaction is large enough, change of sign of the Josephson current (Pi-junction).
i AR . .
The Pi-junction behavior can be c with the other p of the system (e.g. dot level
position)
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Atticle en rapport avec les films minces LSMO.
miristire
'
e minisfére délégué
fredih 3 l'enseignement supérieur
erd la recherche

Eibarti « Bgalivi + Frat

E ‘. Sl 1 R Réseau National
=4 A N N en Nanosdences
et en Nanotechnologies

REPUBLIGUE FRANGAISE

| MESUREXPO

CH] Slé' 3k fledeFrance

OFTOD




