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[ 1. Introduction: towards a 1.3 GHz (30.5 T) NMR magnet

] Intermediate grown i

Our ultimate goal is to develop a high-resolution 1.3 GHz (30.5 T)
nuclear magnetic resonance (NMR) magnet operated in the
persistent-mode. The magnet requires superconducting joints
between HTSs and those between an HTS and a low-temperature
Towards this goal,
developing persistent-mode HTS inner coils to be operated in a

superconductor (LTS).

we have been

LTS

400 MHz (9.39 T) NMR magnet and here we present the first PCS

prototype of an inner coil wound with a single piece (RE=rare
earth)Ba,Cu;0;, (REBCO) conductor. The coil and a newly
developed REBCO persistent current switch (PCS) are connected
with intermediate grown superconducting (iGS) joints with high
critical currents in external magnetic fields. To evaluate the
performance of the joints in an ultimately stable and homogeneous
magnetic field in a real NMR magnet system, the coil is operated in
the persistent-mode, generating 0.1 T, in a 9.3 T background
magnetic field of a persistent-mode LTS outer coil for 1 year.
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[ 2. Parameters of a 400 MH
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Requirements for the PCS in LHe

Heater power <10 W
Off resistance >0.1 mQ
Switching time <100s

Winding

Unit REBCO inner coil LTS outer coils
Coil conductor REBCO (SEN), without outermost Nb3Sn and NbTi
copper electroplating layer
Bare conductor width : thickness mm 4.05:0.14
Insulated conductor width : thickness mm 4.1:0.19
Conductor critical current at 77 K A ~200
Conductor length m 37.2+1.2 -
ID : OD : Height mm 81.5:83:1485 132.6:289.3: 546
Total tums - 144 -
Number of layers - 4 -
Coil constant mT/A 1.066 68.96
Self-inductance mH 0.75 69.8
Mutual inductance mH 0.053
PCS conductor REBCO (SEl), wwthou_t outermost NbTi/CuNi
copper electroplating layer
Joint type Homogeneous iGS joint (SEI-SEI) Solder
Self-field at77 K
Measured coil critical current A 123 (at 0.01 pV/icm)
Measured PCS critical current A >107 (at 0.01 pV/icm)
Measured joint critical current A R:45.6,L:17.3 (at 1 pV)
Self-field ion at 4.2 K
Estimated coil critical current A >11007
Estimated PCS critical current A >11002
400 MHz operation at4.2 K
Estimated coil critical current A >1100"
Estimated PCS critical current A 3702 -
Operating current A 8 134.8
Magnetic field, Z0 T:MHz 0.09882 : 4.207 9.296: 395.8
Z2 harmonic Hz/cm? 0.00
Z4 harmonic Hz/em* -211
Maximum BJR MPa 63.3
Local field intensity at joints T 0.25

[ 3. In-field current transport characteristics of iGS joint samples J

Unit Sample 1 Sample 2
REBCO A: SEI (PLD) A: SEI(PLD)
conductor B: SEI (PLD) B: SEI(PLD)
(77K, 0T) A 70 41
Sample 1 Sample 2 »
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 These results show the potential of high
current transport characteristics of the
iGS joint in external magnetic fields.

* In the present 400 MHz LTS/REBCO
NMR magnet, the joints of the REBCO
inner coil are located in the field of ~0.2 T.
Therefore, the current transport property

of the iGS joint is sufficient.

[ 4. Development of a REBCO PCS operated in liquid helium ]

Requirements for the PCS in LHe

Heater power <10W
Off resistance >0.1 mQ
Switching time <100s
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» The resistance of the PCS arose at a heater power of 5.5 W and it showed 300 mQ at 6 W.

» The PCS voltage started to arise after 33 s of the initiation of heater input and became a steady state in 100 s.

=These PCS performances fulfilled the required specifications for the REBCO inner coil used in liquid helium.
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[ 5. Fabrication and self-field tests of a REBCO inner coil in LHe ]
Magnetic field stability over 1 year
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