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Fig.1 Upper critical field (solid lines) and irreversible field (dashed
lines) of different superconducting materials!!!
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Fig. 2 Operating magnetic fields and temperatures of various REBCO
coated conductors’ appliancesl®]
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Fig.3 Schematic diagram of the detailed crystal structure of YBCO
compound: (a) Orthorhombic phase, (b) Tetragonal phase. In Figure
(b), there are randomly distributed oxygen vacancies at the O(1) sites
within the Cu(1)-O(1) planes perpendicular to the c-axis!®7]
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Fig.4 The magnetic field dependence of J. of YBCO
superconductor®
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Fig.5 Schematics of vortex structure and vortex pinning: (a)
Tllustration of vortex pinning in layered superconductor. (b) The
structure of a single vortex corel!!
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Fig.6 Schematic representation of defects that can act as pinning
centers inside YBCO superconducting films!!?!
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Fig.7 The global pinning force F;, drawn against the applied magnetic
field B at (a)77 K and (b)4.2 K for YBCO films and tapes with several
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Table 1 Ionic radii of rare earth elements of REBCO superconductor, critical temperatures, phase lattice parameters and unit cell volumel33
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Fig. 10 (a) Cross-sectional transmission electron micrograph of Y203/SrTiO3, (b) Critical current Jc versus magnetic field B (77 K, Bj|c) for pure
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Fig.11 Transmission electron microscopy cross section of irradiation
tracks in an YBCO single crystal due to 1.4 GeV Pb-ions. The inset

shows a plan view of the tracks(?!]
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Fig.13 TEM micrographs showing nanoparticles of BaZrOs in YBCO+BaZrOs films on STO-buffered MgO single-crystals:

(a)High-magnification micrograph, (b)Lower-magnification micrograph; (c) Critical current density at 75.5 Kversus magnetic field applied parallel

to the caxis for pure YBCO and YBCO+BaZrO;[?%]
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Fig.14 (a) TEM image of BZO/YBCO bamboo-like structure and (b) high-resolution TEM (HRTEM) image of BZO nanodots and nanorods in
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Fig.19 (a) XRD pattern and (b) SEM image of Gd-2411-W
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Research Progress on Artificial Flux Pinning Technology for REBCO
High-Temperature Superconductor
Liu Jing!, Wang Zhichao'?, Zhao Cheng!, Li Jianfeng', Zhang Pingxiang'?
(1. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)
(2. Northwestern Polytechnical University, Xi’an 710016, China)

Abstract:  The upper critical field of REBa;Cu3;O7.s (REBCO, RE=Y, Gd, Sm, Nd, etc) superconducting materials can reach up to 100 T,
presenting great potential in high-power applications. However, it faces the challenge of a sharp decline in critical current density under
high-temperature and high-magnetic-field conditions. The introduction of effective artificial pinning centers (APCs) into this material is key to
enhancing flux pinning and improving current-carrying capacity. This paper reviews the research progress in constructing multi-dimensional
pinning centers in REBCO superconductors through chemical doping and microstructure engineering. It details the fetures of various artificial
pinning technologies—such as element doping, substrate surface modification, particle irradiation, and second-phase doping—as well as their
effects on properties including critical current density and trapped magnetic field. Finally, the future research directions of artificial flux pinning
techniques for REBCO superconductors are prospected.
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