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Superconducting Technology as a Gateway to Future Technology
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Hopes for achieving a new source of energy through nuclear fusion rest on the development of superconduct-
ing technology that is needed to make future equipments more energy efficient as well as increase their perform-
ance. Superconducting technology has made progress in a wide variety of fields, such as energy, life science, elec-
tronics, industrial use and environmental improvement. It enables the actualization of equipment that was unachiev-
able with conventional technology, and will sustain future “IT-Based Quality Life Style”, “Sustainable Environ-
mental” and “Advanced Healthcare” society. Besides coil technology with high magnetic field performance, super-
conducting electoronics or device technology, such as SQUID and SFQ-circuit, high temperature superconducting
material and advanced cryogenics technology might be great significance in the history of nuclear fusion which re-
quires so many wide, high and ultra technology. Superconducting technology seems to be the catalyst for a chang-
ing future society with nuclear fusion. As society changes, so will superconducting technology.
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Fig. 1 Application of superconducting technology.
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Fig. 2 History of superconducting technology.
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Table 1 Characteristics of superconducting application.
Field Energy./ Industry Electronics

Dawn of technology | Nb;Sn material (1961) Josephson effect (1962)

Characteristics High magnetic field, Week signal
Large electric current

Typical index Magnetic field, Sensitivity,
Electric current, Power consumption,
Stored energy Switching time

Typical form Magnet, Power-line SQUID, SFQ-circuit

Material Wire, Bulk Film

Typical application | Nuclear fusion, Accelerator, | Filter, Antenna, Computer

Electric equipment
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Fault current limiter
SMES

Generator

Motor

Transformer
Nuclear fusion
Accelerator

MRI

NMR
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Fig. 3 Classification of superconducting application(electronic
& industry).
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Fig. 4 Classification of superconducting application(electron-
ics).
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Fig.5 Development of superconducting magnet.
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Fig. 6 Development of superconducting device (SFQ).

i, B 7T (V7 v — IV FED PEB LT 5, F720M
I EENDLIANEZ O LV OBEZEMAGOIREIZB U 56
L2 Wb T 2 HiEE LT, MNOMEER L 0%
LIZE D6t d MRIES OZALZ W 1L5 5 £MRI
(functional MRD) b BAZE &, RN DR AR O & Kb
BEDGHTICHIII ST b, HEOBIE LT, BEOME
R L, rie e EOMRBICEN S 4 — 7 VR
MRI O44#l % Fig 8 IZ/RT.

R & LT, BREI f VIENDTIAENRT, B
Wi, | -EAbEAT DN, AABRERL L T
B IR, (KA AR, RIRBHE & &% B
Thh. YATLAOBRER/NEYL, F8E%m ERE
O 72 W2/ B R0 T o SUB RS R A BT 2 &% MRT
OERITHEBL T A, 53kMICIE, NbTi Ao &8 R
RS B L RBZEMIZ L 5 10 T M MRI ¥ A 7 A
DORFR EWPEINS.

(2) SQUID (Superconducting Quantum Interference De-
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Fig. 7 Magnetic field strength and sensitivity.
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Fig. 8 Photograph of the Open-MRI (0.7T).
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Fig. 10 Principal of the SFQ (Single Flux Quantum).
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Fig. 11 Magnetic separation for water purification.
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Fig. 12 Helium-free superconducting magnet.

Parameters
Wire structure MgB, /(Fe/Cu)
Number of filaments Mono
Wire dia. (mm) 0.8
Wire length (m) 58
Winding inner dia. (mm} 30
Winding outer dia. (mm) 48
Winding height (mm) 50
Number of turns 495
Inductance (mH) 3.7

Performance
Critical current (A) 214
Central field (T) 2.05
Max. field (T) 217

Fig. 13 Photograph of the MgB2/ (Fe/Cu) solenoidal coil.

Table 2 Parameters and Peformance of MgB2 (Fe/Cu) Coil.
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Fig. 14 Relation between Nuclear Fusion and Other Science&
technology.
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