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oReport summary (English)

Principal investigator: Kyushu Institute of Technology, Professor Kaname Matsumoto
R & D title: Development of 120 K class superconducting wire by atomic level control

1. Purpose of R & D

Superconductivity is expected as a technology that contributes to the realization of a low-carbon
society. To dramatically expand the range of application of superconducting wires and to promote the
use of superconducting systems, we have improved the performances of epitaxial cuprate
superconducting thin films based on the concepts of lattice strain control, carrier control, and
nanostructure control. We have developed the technology to simultaneously increase the critical
temperature T, the irreversible field B;. and the critical current density J. at high temperatures and
high magnetic fields. In the practical R&D stage, we aimed to further spread cuprate superconducting
wires to various superconducting devices. By utilizing the artificial pinning technology that greatly
improves J. from the technologies obtained in the first half, we have realized the cost reduction of
cuprate superconducting wires.

2. Outline of R & D

(1) Contents:

In this project "Development of 120 K class superconducting wire by atomic level control (March
2013 to September 2017)", based on the concepts of lattice strain control, carrier control, and
nanostructure control, the performances of cuprate superconductors were greatly exceeded. Then, the
T of the superconductors, and their B;.- and J. at high temperatures and high magnetic fields were
simultaneously increased, and the application range of the cuprate superconductors was expanded. In
the practical R&D stage “Development of low-cost REBCO wire (October 2017 to March 2020)”,
the artificial pinning technology was used to reduce the cost of the REBCO wires to promote their
spread to various superconducting devices. Finally, the following goals, wire cost reduction to about
1/3 of current level, /. performance of 500 A/cm-w (20 K, 2 to 5 T), production of several tens m class
wire, low temperature /. measurement, small coil test evaluation technology, and technology transfer
to partner companies were realized.

(2) Achievements:

The following results were obtained in the task “Development of 120 K class superconducting wire
by atomic level control (March 2013 to September 2017)”: i) Establish a fabrication process for
epitaxial cuprate superconducting thin films that have a large pressure effect. ii) Establish a selective
residual pressure application method and confirm the 7. increasing effect of the cuprate
superconducting thin films. iii) Optimization of 7 and B;.- by strain/carrier control and realization of
100-120 K class cuprate superconducting thin films. iv) Establishment of ideal artificial pinning
introduction technology for high B~ and high J. in cuprate superconducting thin films. v) Realization
of short cuprate superconducting wires with high J. comparable to that of a single crystal.

In the practical R&D process “Development of low-cost REBCO long wire (October 2017-March
2020)”, we achieved the followings: i) We made a prototype of a REBCO wires with a length of 2
to 3 m with artificial pins. At film deposition rates of 14 nm/sec to 21 nm/sec, 616 A/cm-w@20 K, 2
T and 408 A/cm-w@20 K, 5 T were obtained, and the target 500 A class@?20 K, 2-5 T wires were
realized. ii) In collaboration with a company, we made a practical level 50 m long REBCO wire with
artificial pins and demonstrated its performance with a double pancake coil. iii) It has been
demonstrated that the artificial pinning improves the J. in the magnetic field to reduce the
superconducting film thickness, and thus the wire cost was reduced to about 1/3.

(3) Future developments:

We aim to apply cuprate superconducting wires in a wide temperature range including lig. Na
temperature in the future. We would like to accelerate the development of cuprate superconducting
wires for high magnetic field applications and contribute to the realization of a low-carbon society by
popularizing superconducting devices.




