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Jean-Marc Triscone — Major scientific achievements

Superconductivity at interfaces between insulating oxides

In 2007, we have discovered that the ground state of the conducting interface found at
the LaAlO3/SrTiOs interface is a superconducting condensate. The critical temperature
is about 300mK. Signatures of 2D superconductivity have been found and analyses of
the anisotropic transport properties allow the superconducting thickness to be
estimated to be about 10nm. We also succeeded tuning superconductivity with an
electric field. These experiments allow superconductivity to be switched on and off and
the system phase diagram to be mapped out. Our experiments have also revealed the
presence of a tunable Rashba spin-orbit coupling arising from the breaking of inversion
symmetry at the interface, Shubnikov-de-Haas oscillations in high mobility samples,
and giant Seebeck oscillations at low doping. Recently, we studied the transport
properties of nanochannels and their local optical response.
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Electronic properties of nickelate films and structures

We studied epitaxial single crystal films of nickelates. We showed in NdNiOs that the
metal insulator transition could be tuned by strain, electric field and light. In LaNiOs, a
material that is in the bulk metallic and paramagnetic at all temperatures, we showed
that the insulating state observed in ultrathin films is due to weak localization and
magnetic fluctuations. We studied the structure of ultrathin LaNiOs layers. We also
studied the metal insulator transition in NdNiOs using PEEM and the electronic
structure of nickelates with RIXS. In superlattices made of LaMnO3; and LaNiOs, we
discovered that interfacial effects induce a magnetic structure in ultrathin LaNiOs layers
and a very complex magnetic structure in superlattices with the observation of positive
and negative exchange bias. We recently showed an unusual coupling of the metal
insulator transitions in nickelate superlattices linked to the energy cost of having a
metal-insulator phase boundary.
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Domain wall physics in ferroelectric thin films

Using an atomic force microscope to write and read ferroelectric domain structures,
varying the writing parameters, we have been able to extract the domain wall velocity
as a function of the applied electric field. We have discovered that domain wall motion
is a creep process. These results combined with analyses of domain wall roughness
have allowed us to show that the elastic walls are two-dimensional and that the creep
process is controlled by random bond disorder. More recently the depolarizing field
and the role of domains were shown to be key to the phenomenon of negative
capacitance.
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Size effects in ferroelectrics

In ferroelectric materials, we have studied using different techniques including x-ray
diffraction, atomic force microscopy, and x-ray photoelectron diffraction the long
standing problem of size effects in ferroelectrics: Is there a minimum thickness below
which ferroelectricity disappears? -A very important question for several applications.
We have shown that very thin films, as thin as 3 unit-cells, of PbTiO3 remain
ferroelectric and that the depolarizing field, due to the imperfect screening of the
polarization, is controlling the change in polarization in thin films.
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Improper ferroelectricity at oxide interfaces

In ferroelectric/paraelectric PbTiO3/SrTiOs, we have shown that the ferroelectric
properties can be tuned as a function of the amount of PbTiOs in the system and that,
at very short wavelengths, for layer thicknesses of one or two unit cells, a new type of
improper ferroelectricity appears. This ferroelectricity is related to the very unusual
coupling of three order parameters, two antiferrodistortive ones which, together, break
inversion symmetry allowing the further coupling to a polar mode. This phenomenon
has opened the route for designing novel functionalities — such as multiferroicity - using
order parameters coupling at interfaces.
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Field effect and ferroelectric field effect

We have been developing during the years a large expertise on field effect and
ferroelectric field effect experiments. On high T. materials, we have used these
techniques to modulate the system carrier density without modifying the background
disorder. This approach allows a detailed study of the normal state and
superconducting properties as a function of the carrier density to be realized. In doped
SrTiOsz and in SrRuO3, we have developed the idea of the local ferroelectric field effect
that allows non-volatile, reversible, electronic nanofeatures to be realized. This
technique uses an atomic force microscope to control the ferroelectric polarization at
nanoscale, which, via the ferroelectric field effect, permits the carrier density of the
adjacent layer on the same lengthscale to be modulated. This technique was applied
to control the properties of high T. cuprate and superconducting Nb-doped SrTiO3
films.
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