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Recent Progress in High-Temperature Superconducting Materials
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N. Koshizuka, International Superconductivity Technology Center, Superconductivity Research Laboratory

Since high-T. superconducting materials were first
discovered, there has been much research on materials,
and several practical materials have been developed. It
is remarkable that Ag sheathed Bi tapes have reached
the application stage and superconducting magnets
which generate 7 T at 20 K have been realized. Various
small scale electric power systems using these Bi tape
conductors are now being developed. However, be-
cause of the low critical field (irreversible field) at 77 K,
the applications are limited, and development of next-
generation conductors with large current carrying
capability even at 77 K in strong fields are desired. For
bulk materials, the frapped field has reached 2.1 T at
77 K. Nevertheless, further improvements in the
trapped field and other characteristics are required for
actual applications such as flywheel-type electric
power storage systems. In this review, we describe
several basic problems in realizing practical conduc-
tors and bulk materials, and report on recent progress
in the fabrication processes of these materials and in
their applications.

Key words: high-T. superconductors, critical current
density, Bi-based superconductors, Y-based supercon-
ductors, flux pinning, weak links, Ag sheathed Bi tapes,
bulk materials, melt growth materials, next-generation
coated conductors, electric power applications
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Fig. 1 Flux line (fluxoid) structure of high-7.
superconductors. Flux lines consist of pancake
vortices connected by Josephson coupling and
magnetic coupling.
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Fig. 2 Flux lines captured by pinning centers,
and a magnetic phase diagram of high-7.
superconductors.
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Fig. 3 Irreversible flux density Bir (=goHin) vs.
1—T/T. for various high-T. superconductors.’
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Fig. 4 Irreversible field Hi. vs. T/T. for
Bis» Pb,SrisCaCus0, crystals with various
Pb concentrations.”
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Table 1 Possible pinning centers in high-7:
superconductors

Oxygen defects (point defects, ordered defects)
Second phases (Y.BaCuOs[211], BaCuQO., etc.)
Twin boundaries
Dislocations (edge, screw, array, network)
Stacking faults (multiple CuO chain layers, etc.)
Composition-modulated phases

(Nd-rich phase in Nd-123, highly Pb-doped Bi-2212)
Magnetic impurities (Ho, Nd ions, etc.)
Irradiated defects

(neutrons, heavy ions, electrons, protons, etc.)
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Fig. 5 Normalized flux pinning force density F,
vs. reduced field H./Hi« for twinned Nd-123
(T-Nd 123) and detwinned Nd-123 (DT-Nd 123)
single crystals® For comparison, data on a Nd-
123 crystal grown by the OCMG method and
a twinned Y-123 (YBCO) single crystal are
included.
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Fig. 6 Critical current density ratio /.5°/J.S vs.
the misorientation angle. O represents the data
on [001] twist boundaries of Bi-2212 bicrystals
(H,, 9T at T=10K).!" For comparison, obser-
vations on the YBCO thin film of Dimos ef al. are
included.
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Fig. 7 Schematic structures of typical in-plane
aligned buffer layers and substrates for 123
based coated conductors.
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Table 2 Proposed materials and processes for

the superconducting layer,

buffer layer, and

substrates in next-generation coated conductors

Materials Process
Superconducting RE-123 PLD
layer (RE: Y, Nd, Sm, E-beam depo.
alloy) MOCVD
LPE
MOD
Buffer layer YSZ IBAD
CeO, PLD
MgO MOCVD
NiO SOE
Substrate Hastelloy
Ag, Ni, Ni alloy RABITS (CUTE)
YSZ Laser FZ
STO
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Fig. 8 Magnetic field dependence of J. (T=77 K)
for a YBCO/YSZ /CeO;/rolled-textured Ni(001)
structure.’® Also shown is J. (H, 77 K) for YBCO
on SrTiO; (001), T1-1223 on polycrystalline YSZ,
and Bi-2223/Ag tape.
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Fig. 9 Magnetic field dependence of J. for two
OCMG processed samples with (Nd, Eu, Gd) BaCuO

+40 mol% (Nd, Eu, Gd) 211 second phase®® with
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