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Following our research proposal “Domain Wall Superconductivity and Non Locality” we have made the following steps in order to achieve the objectives of the proposal: a) Growth of good quality superconducting thin films and junctions using electron gun evaporation technique and b) Development of an experiment in order to investigate domain wall superconductivity and non locality of Cooper pairs.

The first stage of the visit was to set up and optimize an ultra-high vacuum evaporation system with a load lock that uses an electron gun evaporation technique (Figure 1). This has being done successfully. In this system we can grow several films on the same day, and two different samples in each run without breaking the vacuum.  Inside this system there are several masks that can be replaced during deposition. This permits us not only to grow multilayered plane films but also to make junctions. When required, the films can be subjected to an oxygen discharge before removing the sample from the chamber. Finally an Auger spectrometer is being set up in the chamber in order to be able to make in situ surface analysis.
As described in the proposal, this research visit had the aim to realize an experiment to investigate Domain Wall Superconductivity and Non locality of the cooper pairs. 
The first experiment consists of making a Josephson junction, using aluminum (Al) as superconducting material (with a coherence length larger than the domain wall width) and a ferromagnet (such as Co) at the constriction of the junction as shown in the figure 2. One of the main difficulties of this experiment was to make a constriction in nanometer scale i.e. of the order of the Al coherence length. For this aim electron beam lithography technique has been used, after of which Co has been deposited. 

The conclusion of the fabrication is in progress.

The Second experiment consists of making a tunnel junction (Figure3), using very thin niobium (Nb) as superconducting material sandwiched between two Palladium Nickel ferromagnets. The superconducting density of states (DOS) induced in the neighboring Palladium Nickel has being successfully obtained for the case were the ferromagnet’s magnetization is parallel. This is shown in Figure. 4. Even though we have used a thin layer of CoO2 as pinning layer of one of the ferromagnets to investigate the antiparallel configuration of the magnetizations, SQUID measurements (Figure 5)  show that a very little pinning has being achieved. Thus experiments using cobalt as one of the ferromagnets are being performed to investigate the anti-parallel configuration of the magnetization. Currently we are in the process of optimizing the fabrication and checking the quality of the junction prior making DOS measurements.  
Finally a complementary experiment to investigate non-locality in F/S/F tri-layered structures has being designed in Orsay’s laboratory. This last part of the experiment is in collaboration with Cambridge University where one sample has been made using Focus Ion Beam (FIB) technique. Currently the first sample is being characterized prior making ultra low temperature measurements at Orsay’s laboratory. 

Working here in the laboratory in Orsay with Marco Aprili has being a great learning experience for my scientific career. The research is still being carried out, we expect to have further results in near future.

Figure 1: Photograph of ultra high vacuum e-gun evaporation system. This has been set up for the evaporation of thin films and planar junctions.  
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Figure 2. Schematic of the first experiment
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Figure 3: Photograph of planar junctions made using a mask evaporation technique in the system shown in figure. 1.
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Figure 4: Measurement of the conductance of a tunnel junction;  Al/Alox/PdNi/Nb/PdNi at 100 mK. This corresponds to of the superconducting density of states induced in PdNi.
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Figure 5: Hysteresis loop taken with a SQUID magnetometer of an Al/Alox/PdNi/Nb/PdNi/CoO multilayer structure at 10 K.
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