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Consolidated public summary in English
Title of the project
Establishing the basic science and technology for iron-based superconducting

electronics applications

Catchy title of the project

Paving the way for future device applications of Fe-based superconductors

Title 1: shows the general objective of the project and the main issues raised
Preparation of thin films with high quality, fabrication of several types of junction, and study

of the fundamental properties using the thin films

The discovery of high-temperature superconductivity in Fe-based materials triggered
enormous research activities worldwide. The highest critical temperature (T,) is 56 K at the
point of this report, the second highest record next to the cuprate superconductors. Moreover,
they have a smaller anisotropy and probably a s-wave symmetry unlike the cuprates that
suggest the difficulties the cuprate superconductors are encountered with in device
applications are probably not severe in Fe-based superconductors (FeSCs). However, no well-
organized study on their potential in electronic applications had been carried out before the
start of this project. This project had addressed three major topics, thin film preparation,
junction fabrication, and physical property measurements to explore the possibility of future
device applications of these materials. Besides the FeSCs, MgB, was also studied as they have
the common feature of being a multi-band superconductor. When the present project started,
thin films of the three major FeSC materials were already available, but there were a large
room for improvements. There were also materials that have relatively high 7. but were not

available as thin films. Studies on junction fabrication were already reported, but the



fabricated junctions were far from ideal. Much of the fundamental information that is related
to device physics was still missing. The present project has addressed these issues.

During the project, the knowledge the partners have acquired in past studies, as well as
the new results, were thoroughly discussed and shared in the consortium. This led to several
new attempts of applying ideas that worked for other materials to the film preparation
processes, and resulted in large improvement of the film quality. Here, it was also beneficial
for the optimisation process that different groups at both sides of the consortium had worked
together to characterize the thin films. The thin films fabricated in the consortium were used
in the study of junction fabrication. Several insulating materials were put to test, in order to
find a barrier layer that is ideal for FeSCs. Efforts were also devoted to the fabrication of a
thin and smooth insulating layer to be used in an in-situ process. As another type of junction,
grain boundary junctions were fabricated on various bicrystal substrates. The knowledge
acquired on the course of the study on FeSCs was also applied to the junction fabrication of
MgB,, and resulted in a large improvement in the junction quality. As for the physical property
measurements, the thin films fabricated in the consortium were provided to the other partners
and various experimental techniques were applied. Single crystals that were grown for the
purpose of referential experiments were also shared in the consortium. The theoretical groups
in EU and Japan worked very closely by frequent internet discussion and mutual visits to
develop an effective model to back up the experiments. A theoretical study was also carried
out to propose experiments that may identify the gap symmetry, which is one of the central

issues of the physics in FeSCs.

Project main results

Dramatic improvements have been seen in the quality of the thin films. LnFeAs(O,F) (Ln=Nd,
Sm, La, Ln1111 hereafter) films, which could be prepared only by a two-step method before
this project, can be prepared now by a direct growth method that is much more simple. The
quality of Fe(Se,Te) (11), Co-doped BaFe,As, (Co-Bal22), K-doped BaFe,As, and SrFe;As,
(K-Bal122, K-Sr122) thin films were also drastically improved. Thin films of P-doped BaFe,As,
(P-Bal22) and CaFe,As; (Cal22) were realized for the first time. A new technique to grow
MgB, was developed, with which thin films with a large area can be easily obtained.

New barrier materials were employed as the insulating layer to prepare FeSC-based
junctions. A particularly large improvement in the fundamental parameter IR, product was
achieved with TiO,. A method to grow a smooth and flat CaF, barrier layer that can be
employed in an in-situ process of junction fabrication was developed. Various FeSCs were
successfully prepared on [001]-tilted bicrystal substrates, from which we prepared bicrystal

junctions. We have observed Shapiro steps for 11, Co- and P-Bal22 bicrystal junctions.



Additionally, it was found that P-Ba122 has a very high critical current density across the grain
boundary. We also measured hybrid junctions between MgB, and P-Bal22. Thorough
investigation and survey of other possible electronic applications were also carried out that
yielded the conclusion that FeSCs are promising materials in other applications as well, like
nanowire single-photon detector.

The physical properties were investigated using various techniques that include point-
contact Andreev reflection, terahertz, optical, and femtosecond spectroscopy. Various
transport measurements were also carried out such as noise spectroscopy, measurements of
magnetoresistance, Hall coefficient, and critical current density under an extremely high dc
magnetic field up to 45 T. Theoretical studies played an important role in interpretation of
experimental results obtained in the consortium such as Andreev reflection spectroscopy,
pump-probe spectroscopy, and Josephson effect measurements. Further, experiments that
can identify the gap symmetry of FeSCs, which is one of the current central issues of debate,
were proposed theoretically. A microscopic model for impurity scattering in multiband
superconductors with s+ or s++ symmetry state was proposed, which also would aid to
identify the gap symmetry.

Many of these results were obtained by a close and tight collaboration between the two
sides of the consortium. Many possibilities for future collaboration were born from the present

project, some of which are already developed in a hew funded collaboration project.

Added Value from International collaborative work

Prior to the project, there was already collaboration between some of the partners. The thin films
preparation group in Nagoya University had collaboration with IFW Dresden, and the theoretical
group in Nagoya University with the University of Twente. There was also collaboration between
groups within each region. However, these pre-existing collaborations were limited to a rather
narrow area of research. The present project had strengthened and vastly extended the pre-
existing collaborations, and brought together researchers working on similar materials but in
different field. Without the tight and close international collaboration, the results described above
were hardly achieved. It is also worth to mention that the project provided young researchers the
precious opportunities of working in an international project. Exchange of young scientist, as well
as attending the project meetings had motivated them strongly that resulted in an improvement

of the quality of their study.

Scientific production and patents since the beginning of the projects

IRON-SEA created a large number of high level results that is highly recognized by the
research community. As a proof, IRON-SEA members gave a tremendous numbers of invited
talks (59) at conferences in the three year period of the project. Additionally, 106 peer review

papers have been published. Many of these papers were published in high profile journals



such as Nature Communications, Scientific Reports, Physical Review and Applied Physics

Letters. The results were also disseminated by frequent presentation in international as well

as domestic conferences.
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WP2: Film Characterization
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Factual information

The IRON-SEA project is a fundamental research project coordinated by Dr. Kazumasa Iida
(IFW Dresden, now associate professor at Nagoya University) in EU and by Prof. Dr. Hiroshi
Ikuta (Nagoya University) in Japan. It associated Prof. Dr. Paul Seidel (Friedrich-Schiller-
Universitat Jena), Prof. Dr. Michio Naito (Tokyo University of Agriculture and Technology),
Prof. Dr. Andrej Plecenik (Comenius University Bratislava), Prof. Dr. Atsutaka Maeda (The
University of Tokyo), Prof. Dr. Renato Gonnelli (Politechnico di Torino), Prof. Dr. Setsuko
Tajima (Osaka University), Prof. Dr. Sergio Pagano (Consiglio Nazionale Delle Ricerche), Dr.
Ichiro Tsukada (Central Research Institute of Electronic Power Industry), Prof. Dr. Alexander
Golubov (University of Twente), and Prof. Dr. Yukio Tanaka (Nagoya University). The project
started on 01.10.2011 and lasted 36 months in EU and 42 months in Japan. EU grant
amounted to €1,684,540 and JST grant amounted to ¥151,600,000.



Consolidated public summary in Japanese
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Added Value from International collaborative work
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