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Fig. 1
superconducting thin film joint.

Typical bridge structure for

5 T T T T T
4 .
%° 1
g L ] G’.".
e 2 : .
4 23t
3
l- 4
I Iae 10aer a 200 2aans Jon aemr
Temperatarc(K)
0-, . s il L A
0 50 100 150 200 250 300

Temperature(K)

Fig.2 Temperature dependence of resistance of
Epitaxial NbTi thin films joint.
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Fig.1 Fabrication method of a superconducting joint for PIT
processed MgB2/Cu wire.
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Fig.2 (a)Superconducting joint fabricated with PIT processed
MgBo/Cu wires and (b)longitudinal cross section of a joint.
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Fig.3 I-B curves at 4.2K of superconducting joints fabricated

with PIT processed MgB2/Cu wires. Ic-B curve(I L B) of PIT
MgBo/Cu wire are also shown in the figure.
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FHARAL A O HIENZ L iV RERE J ~8 KA em? (77 K,
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o a—NEILED )= T — FERAER T, — i L R B
WPRAATHFNE[S| TR L7 I A MR TER L . #2435
BeL7=,

B OB A IE SEM B X OV TEM IC X0 EIERL . IR E
DIERFME 1T 2 7RI - W AR IR 0% & C L it DU T2 D
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Table 1 IZR LI ERGA DB E TR #HL #2)I2D VT L FF
PEZF T2, Fig. 2 1T1E, ZTNHOAFELD I OIRFERAT
Paosd, BIRERANOES ~DIEMZ B, I 13 107
QOB A > TEE L, #4 LI1X Bi2223 JEIED J.
CREEVIREOR T EELIC EH L IFEAE R TDT 4T A
FMeEAL#] BREID 42 K TO L% 400 A ZHBZHZEMN
ooz, BRI, ZROHEGREIO I ORG-S, &6
7250 L AT T2 IR A | 7B RE R A N~ FE 2k
BIELI-T LA DR IR OEE R A~DEEDORB /2L
WZOWTHET LT ETHD,
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Table 1 Fabrication conditions of joint samples.

Joint sample #1 #2
Joint area (mm?) ~100 ~60
The number of

joined filaments ~100 =30
Heat-treatment condition o 810°C,
(Po2 = 3 kPa) 810°C, 24 h 12h+6h

Joint part

sl ——
\DI-BSCCO”

Superconducting filaments & Ag
|

o[ EEE

[
DI-BSCCO

(b) -
Bi2223 thick film (joint intermediate layer)

Fig. 1 Photograph of a joint sample and schematic illustrations
of joint structure between DI-BSCCO tapes via Bi2223 thick
films ((a): top view, (b): side view).
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Wh, EDOINTET R CEORIT BN ERER N Lo
DOEE/RILEL /2> TND, —HOORHEEL T, 7 — 7 Wik
ZRDIZHIRIL . Ny MESIZED T 47 A M OB filE 6%
TR TAZERENREIN TS, L, 74T A Malt
DWW & 52 BITHEATHIEIIRREL TR L 2> TN,
O RO LT, AHFFETIE, B EA T RERE
L, ZHUZOWTEFEY BICREET DT ETHD,

Heater PCS

1. Heater ON, 200
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Fig. 1 The measurement method of persistent current.
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Table 1 Specifications of multi—filamentary Bi2223 tape and = L ! =
. 00 2 4 6 8 10 12 14 16 18 T2
coil sample Time (h)
DI-BSCCO =
Tape type T e 20__
Type HT-NX 5 ARG =
Critical current of tape at 77 K (A) | >140 5100 % ?Q%Alca)ao%) 10%

i = 200 AR LTZ#0 AIC nlva
Filament number of ti.ipe 121 2 | 3 AT e — :3 5
Length of tape for coil (m) 8 i é;?;_f%f}@gl k s
Inner/outer diameter of coil (mm) | 50/58 3 e S TR N R S T T |
Self-inductance (mH) 0.10 Famnpas  me (h)

Insulating material between turns Kapton tape b 1241 CITE

IANOBEEE ORI G EIZINETERETHD, KA
FBIFOBE ST EIL Fig. 1 1RLE, 4 BT PCS ##5#L.
—X @ ON/OFF I[Z&V KA EIRE TR LT,
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Fig. 2 \ZJE LT S ERE i E R U, EIREROA
— N =V a— M EREE R A FIE L 7% KA ERE T
L7z LAL, IE I TAUDT LNFRIE LIRE 7272 8 BEfE A
BHREIANVDIREN EFHUITC DT, B TOXRA
EIOWIRIL Fig. 3 ITRLIZ, AKEDERRLAD G 14 IR [H
BT 4T AT LT AR, BRI 1072 Q ThoTz,
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ID:16810210) |, 3L UV JSPS Bt (JP18965778) DB ka5
F7e,
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Fig. 2 Power supply and magnetic field in persistent
current test.
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Fig. 3 Persistent current mode operation
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Mechanical joint of high-temperature superconducting tapes using an indium foil and low-
temperature heat treatment
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EROIIEIEBEERM O S HEAIEELT, /YT A
EEBATRICIEAL, 100°C BEOBULETFL AL CTHEES
T AR A vE (IRTE BV ER AR 05 6) [1,2] D BR 3612
BHLA TETz, BER[21IZRB VT, #4)E ) 100 MPa THIE
L72 REBCO ##f DAY 7T, R EREIR TS
FANT AT T ERIZEDORPIN TR CEDH eV RSN —
J5C, REHTRAIELZ BSCCO #ipt (Bi-2223 #44) D44
BT NTIE, BERERAME T 92 ATREM DD R
iz, AFEFKTIE BSCCO M DR BIAL FIRIKIZ>
WG, BRIEARIS ) -EE B E B L OB T L OB
EERENDE R LB RICOVWTIET 5, 0T, #4
FHE D SEM #22EAT > T A W TH I 75,

2. EAMERE-ERR E RIS ST

ERABEERRA L LC, 4 mm @O 2 E/L/E 1+ REBCO
#REF (Superpower, SCS4050-AP, G B 100 A at 77 K,
self-field) 3L N 4.3 mm fE BSCCO ##f ((fELE T, DI-
BSCCO Type-H, gL 180 A at 77 K, self-field) &V 7z,
Fig. 1 ([T B CHIEMIS hE Lz~
NCERLII RIS ) LG R EFROBRE R T, BED
BFZE[2] CRYWEL 72 7 LT, 100 MPa DA E 1N
Z T3, BSCCO b Cld, BB RAME T4 5027208
HHTENRDND, Fig. 2 (@)IZHEEFE T EENE 4L 20 MPa, 50
MPa, 100 MPa, #& % 5 mm &L7z BSCCO #bf D44
TIOERBIEREEZTR TR, BAEOBENCEERE
IREVT R LN o T, IRERSEIR BB L L ThDE
LCHEPIEFL, N TEZONDIEBETF 552510 T
1 pV/iem FEHECEREREZITM 2L, WL ERER
180 A IZIFESAV Y, ZHUE Fig. 1 TRENDHEMELITF ET
DRERTHD, Fig. 2 OIE VL7 IV OBFHARIUEEZ R
(BEHITBEEZERTHRTIIETRDR), 2 ER E
FAZED WA IRHL ER L TCOWDIEN R TED, 20D
FEMEIE, BSCCO #AF Oz A il Anl b A3 IS 09 12
BELTZV U ABITHL ABNIZ K CTHD, A TOE
DA DEEL CWDATREMEDR S, 414, FEMIZR O 3
EHThD,

3. BEREEHE

A FIETIESLILZ REBCO #i44, BSCCO #b1Zh
TNOEAT TN (BEE EHE#240 OBFEFRKCEWZHD)
AT CUIRIL, A R IkEES SEM-EDX T/OHT L2
(7o, KA FEICL > TESN AT 7 L Ol E#E
BIIAREICBITDLONYD TORKTH D), Fig. 2 I
BSCCO ##f OB EBEOFE R, AT AL WD
AP LERRLPNZEEEZEL, TN E90CITH
HU7ZHZ2 T, TV TN IS TH T OEWE1T-
72(8.0kV X3 hrX5 [A]), %7z, SEM BE217T57-0 DOWrikm in
TOEDITHLT AT —LDOREE1T>72 (5.0 kV X4 hr+
2.0 kVX20 min), Fig. 2 IZ7R 3 E91Z, BSCCO #pAF D#EA
FUEIZIZA L D0 DERO GBS TERY, £k
BHHZENDD D, REBCO #bf DAV 7 /L THIRERD
BISERES, 55T, BVOBIEE, BVUBERER], $24 m
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DT TR AL FEACSE GG OEE RmORELBIEL, #
B EORELERD T ETHD,

HiEE
AWFFEIE, IST, KAt AIEFEZE, IPMIMIITA2 DX
BAZTILOTY,

SE X

1. T. Nishio, et al.: IEEE Trans. Appl. Supercond., Vol. 27
(2017) Art ID 4603305.

2. S. Tto, et al.: Abstracts of CSSJ Conference, Vol. 96 (2018)
p-163.

3. S.TIto, H. Hashizume: IEEE Trans. Appl. Supercond., Vol. 22
(2012) Art ID 6400104.
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Fig. 1 Ciritical current ratio depending on transverse
compressive stress applied at room temperature.

(a) 60 T T T T (b)500 r T T
o 25MPa g —_ © 25MPa
301 o 50 MPa &1 Claool| o 50MPa
= 100 MPa 1 £ < 100 MPa
S 40 o
Q
< g
g 30l 3
s 8
o
S =
£
10 o
0.® i i i 0 i : ;
0 50 100 150 200 50 100 150 200
Current (A) Current (A)

Fig. 2 (a) Current-voltage and (b) Current-resistance
characteristics of joint samples of the BSCCO tapes.
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DA A TR L . A =X W ONWTELRHHE R,
ERAZENBEETHLEEZTWD, BRRIZIE, REBCO
BT BEA R CEE R B RS TE ORI~/ EL A0 5y
PUITFERIT 1/10 BEICETLTLEEALHD, TDORKA
RO R B IO BT HREZ R D20, RAFgEL B
HECTHD, FFlC, Tex NIEEL CIMB EIZBWT,
REBCO J& L HAMA B O B ILH A L1255 B L ot s
HDHTND,

2. CUMB ZEERRERICDONT

CJMB 1%, #44 D REBCO BB 1T H 72 2 AR D 5y
FRYTRENC LY . R A SRR A T FETHY, ~TufE
BD—FETHD, #h D REBCO A GABCO F£7-i1Z YBCO O

Al A Z LD RS AME YDBCO ZAff 452 LT
2o BEAIRFE T, YbBCO i 211 FHEIRIRIC A FRESRIL | kiR
DS REICKRBELECLN, #EREMNERDLE GdBCO
A B BV CHARE E TR T 5, T 072 FLRFE T
FRECTHIBSE TEATIZENLETHY, kR0
OVENOA ML R BT ~DEEE T RDNENDHD,

INETIIE RO P EBAAZERAL TOAOT, 256
Dl FLE T JZ@T?/\MX@EEj(EGEﬁ SN ED, SRS
OEGFUERIL, Wi ds 4 X4 mm® OISR 10 A(7T7 K) TH
D, BEEEROIERERLER KR 10 AFRELNHZECRY, 3T
WL 72, S572500 FIZHT T F o7 aigi(2]
DO, ANV I EERTLIETHDLN, AMEERTIC

(TRRES BR2Y 10 A L OB AR BT RHOZENLE THD,

Thbb, MM BLESIENEETHY, BB EWD
B SR AR CE LIRS DRSBTS MR I ZR ]
HETH D,

3. EBAE

M IIEACE T8 GABCO #a AV T E TLAEk R
FIETHESREER L, BRIIZ RS YbBCO v —h T,
JBEEX 100 pm. W2y 3X3 mm?® THhb, e EOHEET
Table 1 \Z/RUTz, HEA S ZBIZET 5720, A TRERRAT
FETFHA7C 3.5 mm FEEEIZHIKTL , Fig. 1 DREIT/RLIZED
RO IC RIS T,

Table 1 Specifications of joint sample

Width/Thickness of coated 4.1/0.24
conductor (mm)

Entire length of joint (mm) 100
Junction length (mm) 3
Critical current 77 K (A) 4

4. EERHER

Fig. 1 & Fig. 2 1T #BESE7-828 Km0 SEM BE TH D,
FUCIRUTALE D3 A B LT SO AN %G5, KBS VAL
&% GdBCO & YbBCO ORE TIE/e< . 1EIE YbBCO @A

_7_

HG BT LMD, YD BCO ¥ —RMMIW DO E(FLE A
MR TEDM, B D GABCO FEMITIZEIN B ABLNLR,
YbBCO ¥ —MIEk S 7=E i BiE, Mo m ok
NEILDOT, HEEFHIBREIND L35 21K, BAFIO
DEGRREIIE S B ORBRERR CALTZ R R W E
EZTWD, bLEITHIUE, Bl A 2548 D GIBCO E%
THORWITTHD, £, EIRkFTOBRAIETT—7
HICEETHLD, FLHTMOE N BIZEE 2RO
BIRIITIZIE BN 2NEE 2 TCD,

Fig. 1 SEM image for a side of joint Junctlon

Fig. 2 SEM image for the other side of joint junction.

5. F&H

GABCO MM MDA IZR N T, R OE I B 2821,
G B TRA~DEEIZOW T LTz, BERIZW 200 E]
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HEE

ATFZE1% JSPS BHFE: (JP18965778) DB %2 F 7=, D T
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[ IR B SR B A B OB E it NMR E8GE X B~
Dt 9% ) JPMIMILTAZ) DB AT T2,

& Xk
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1&?&%@&?&%&0%1‘»%&’ , PCT/JP2014/77966,
2014.10.22; ¥5f 2014-19034, 2014.02.04

(2] 4 #E.ail S0 S, ERREERAM O
BELR”, FFIE 2017-165142, 2017.08.30
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REBayCu30-- 5 (REBCO) i IR £4 0> 8 ) # & 1.
B B RALD 7= O A FH MBS RAFREDO O LD be>T
W5, A TOBRBIIE R e ERIZE DT 572D D
BB DA LRI TRY, 2 ET, #ES B RO
TN —TIZBNTT v AR ED LI TWD[1,2], iT
. Fox DZV—7"Th, REBCO TGS LI B InHERE
ZAERL TS, B 1A EIINL Tk db b 2V B 2
M LI LA A FIEEMFTL ., 5 REE TV A03], 7
M OB RELZ A IS TR WD IZITE S AR
ZHIEITLIENEETHY, TO-OIIIBE B~ LT
T AR A E IR T HIENNETHD, 2T, AL
T BAROBMM S4B AmAOMEBELZRAL ., #
B AT HAER T2 LN T 528 AL,

2. BBAE

GABCO ##f i 112, GABCO #—4 e VT UL
AL —WP—FRFEITTH73 K CIEBINHREEEERL-, 20
% BIMHEREREEEEL2 D% 5t ST, BAMIE 6 mm, KX 5
mm OFER CINLEERA DY, 1.1 MPa 25 40.7 MPa @
FPH CHRBOE D AEIINILZ2A35 1093 K T 1.5 h s b2k
WPRASEL  HEA REAST,

BoNREOBEA R ZH A LIZDL, e R HEMEE T
BAELCEARBEZFNL CEHBEREEH L, T2, 84
RO L A R R T BRI (TEM)IZTHIZEL ., B
DIENDPFFRIC RIE T B A AL,

3. HBRLER

HOREOHME N LA MO BEREY Fig.l 1R~ d, #
B HEILE A DOBEINTHE->THE ML, 1.1 MPa, 18.4 MPa,
40.7 MPa TIXZ N2 3.3%, 15.3%, 44.3%L720 K2, mE
ST IS EBOE LW A, 2T, #4
S ORI Z TEM (ZTRIEEL , FUINE ) SRk BEf%
BRI,

Fig. 2(@)FBLMb)IE, TNZFH 18.4 MPa 38118 40.7 MPa
D) TICTHERL 7230k o8 & St 4y O Wi TEM
Thb, Fig.2(@) Tk, FHIFA D GIBCO J&LiBMmHEfEL 7=
GdBCO LD ERITHE T—E THHIENBIEXZ I, 25/
RSLEARI AN T2, T2, 2 SOREBIOEEE L m Tl
— RTINS B RS BR EE SN T LA, B 2
RIZDTz> THRABOARKIT RGN T | AR B NI LR
STz, ZHUTKRIL T, Fig2(h) TIiBINHERE L 72 Jg D & 725
TR HIERES D GdBCO J@b#laisinng, 2 oD Bt oA R
Z IR Cred | BB 2 RICh > TRESPBIR AR
BV 7 AE SR NS R ST, ZOZ T, A HALBE
VRS CIE R RR IR AR L TR DN R L . D%, iR
FEIZ GABCO #HCIZZR W BAADT H L2 2 L& 7RIBL TV,

787

LUEXY | 88 R ORI E 7)1 3 A IR IC R &< %
BAE S Zemmyinote, FENBEVGEELEWEELT
PEB ORI F20 | SR T IR &R CRARD RS
HIEDTREI, BUREIE S 215D T Y e 82 6 1 ) #ilH
DR DIENRINT,

50

Areal fraction of joint [%]
o RO OO
oo wnmoWw; g ﬁi

[1,]

=]

0 10 20 30 40 50
Mechanical pressure of joint [MPa]

Fig. 1 Dependence of areal fraction of the joint on
mechanical pressure at heat—treatment.

(a) 18.4 MPa
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=Joint boundary

Substrate
(b) 40.7 MPa
ar - = e E;
- i '
(‘ _' ,v?j ) = N

Lo

=Joint boundary

=) " Substrate
1um

|
Fig. 2 Cross—sectional TEM images of joint interface for
samples prepared at (a)18.4 MPa and (b)40.1 MPa.
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[1]Y.]. Park etal., Supercond. Sci. Technol., 27 (2014) 85008.
[2]K.Ohki etal., Supercond. Sci. Technol., 30 (2017) 11501.
[3]JK.Hiramatsu etal., Physics Procedia, 81 (2016) 109.
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Development of a joint resistance evaluation system (1) —design and cooling test —
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TE &R ILATHZ LN AR Bt IR UREAN 25 1 oD PH 3 A e
LoNQAYR

AFEH T, EEORRSCEAMEREMEAL, HEIRR
FEREHAETD,
2. HEHE

LEEHE A Fig. 1SR, K”t% X, 2 B IR 7 i
RV, BEEE st 27— THEBREIINaA L L OFES

—)VR%, 2nd A7 —Y TRIEREZGEIL T D,
?ﬁéi‘émﬁﬂbu:ww&, BB AR OA LT, T
5 0.1T %L, BIERBHIE R 1000A UL EoFEE ks

Eﬂﬂuf%éo
B EFEHSHE X, SRR ROIRE A HIH 3 2R Ae

— =2V, BEHEE L 4K-90K DREIFEOIENTE,

MAT, BEERAO—HOAEFBL T 8RB

HHIEDTELL—F—(PCS b—F )&z, AL 5H

BT D2 LELICRBI O — 30O A& Wi EiEgSt, HiEE

MEBREIEHIET, AT, HEL, MESRME2E 22

HEEITHIZENTESD,

FHEBROWE T, BIZERM OBETICR— VY%
BB HZET, BBOALF 780 AR ST H R E DB
HIEZEAREEL TV,

Cryocooler (RP-082B2)

]

: /Radiation shield

1st stage ‘ Sample holder
(with heater) \{/

/Sample (¢ 100)

Vacuum vessel

2nd stage

(with heater) | __—Injection coll

_ Max 0.1T
(Mount on 1st
stage)

\Hall sensor

1250

PCS heater

¢ 370

400

L mr/vJoint

= Unit : mm
Fig.1. Configuration of a joint resistance evaluation system.
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3. AHRER

AEEE O FIRDPOOM AR % Fig.2 1R T, A%k
BT, 2 e OV AF 2 — 7 Uik (SHI H4 RP-082B2)(2 X
v, BIEREER 4 T 4K LFETREAIL, RBhakz
1K AN DIRE 5347 fR 2T,

F72, ZOWRRET, PCSb—4—% A\ TR O — % F-5
L73BA, SR RIEL ALY ERSEDIERL, bt o
—EDOIH%E, FERFFIZ100K FREET EH-SHE, BOWMEIT
EHZLEMER LT, (Fig.3.)

350 —Radiation shield top
300 — Radiation shield bottom
% —Injection coil
Injection coil
<250
X \ —2nd stage
g 200 NN —Sample holder
© —Joint
2 150 —Sampl
o
g \ —Sample(loop)
~ 100 Sampl

Temperature after 4 hours
Sample (z.7zt-3.38|<)

0 Shield and Injection coil 27.8K-32.6K)
0:00 1:00 2:00 3:00 4:00
Time [hour]
Fig.2. Cooling test result.
120 —2nd stage
—Sample holder
100 —Joint
/ \ Sample(Hall sensor)

ample(loop)
Sample(PCS)

3 Sample temperature = 10K

Temperature [K]
[<2]) -]
o o
|
| |

0:00 0:10 0:20 _ 0:30 0:40 0:50 1:00
Time [hour]

Fig.3. PCS heater test result.
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Development of a joint resistance evaluation system (2)

— test measurement results —
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TE A AIREDE DD EM 578, YRR D SnPb (ZATZH#
M ATRREL C 1 BB &R (ERIL, 7 K DL T ClalEgHHT
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3. fERLER

Beb BTN B 1 P& E BN O SR COWEEHIE
FEREX 1R T, t=0 TRE~ERAE AL, HEIcEL
7-IHERAIE 77 K T 60 FORREETS 7=, Wi Mo fiEs 7=
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STEY, \IER/ NS 7o TWNAHZ EERLTVS,
BAKIE 3K COREREIE 3 R0  BHUEIT 14.3
nQ7E 57, BN ORERAELX 2 (TRT,
JEIZRT U CTHERAEIC (L L T D, T<10K TEiE M)
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WCEDbDEEZ B, 43K LT OBHEIL, HTS &
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ELRELON, BRE~EAINh5ERIZ. 77 K TiE
AT I ~ 140 A THEAFI L7273, 3 K Tl oA LR
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Y H I, % EF OB OEPEIGFE R & . SnPb 1T
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Hall sensor output (mV)
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Time (sec.)

Fig. 1 Decay curves of induction current at various temperatures.
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Fig. 2 Temperature dependences of circuit resistance.
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~ K AEF 400 MHz (9.39 T) LTS/REBCO NMR DB Fr 4314 ~
Towards a persistent current 1.3 GHz NMR using superconducting joints

— Operation of a persistent 400 MHz (9.39 T) LTS/REBCO NMR -
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BRER RS ISR 24512, HTS #f461 [F L o8 b
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AT LD BRI AT D T D,

A TlE, Lo FE —BEOMBEIZHITS 400 MHz
LTS/REBCO NMR D7k A B it iEdii ek 2 #5975,

2. 400 MHz LTS/REBCO NMR

1.3 GHz NMR TliZ, LTS-HTS 2 A /L D ELYI|EEASFRAR T
HDN, BLEMETIE REBCO #bf & NbTi #p4 D82 & 23 F 8
LTV, A Eo 400 MHz NMR Tid, REBCO HNJE
aA)LE LTS AMgaA Va2 BRI KA ETER L,
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NMR BRUZERE L, iRz 172,

3. FhREEIER

15512 REBCO WNBIAN DB FhREEFT, 100 A 1238
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Rond ., aA O E R TET-0O THRLE,

WAV BROIEEE LT, £3° LTS @A V% ERH
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&5I2, REBCO WJEaA V% 50 A IZEhSL Thc/A B i
RIEHERBL . I ICER B THD 92.7 AITETHIBEL T
KINETEIR LT, &EIZ, NE - oA kA E
VR AET D 400 MHz (9.4 T);3 iix@ﬁ%# (R LT (Fig. 2 &
),

M H L, 400 MHz K/ EFEEIZ I T DERME RO
B RGN T MR A ) — - A IR EE NMR JE RS R a
WET 5,
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Table.1 Specifications of the REBCO inner coil and LTS outer
coils for a 400 MHz LTS/REBCO NMR magnet.

REBCO inner LTS outer coils
coil
Conductor REBCO (SEI) Nb_Sn, NbTi
Conductor
width/thickness (mm) 4.05/0.14
Conductor £ at 77 K ~
¢ 200 -

(A)
Conductor length (m) 37.2+1.2 29761
ID/OD/Height (mm) 81.5 / 83/148.5 132.6 / 289.3/~
Total turns 144 34878
Number of layers 4 174
Operating current (A) 92.7 134.8
Field (T/MHz) 0.0988/4.2 9.30/396
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Fig.1 Measured magnetic field in a single persistent operation
of the REBCO inner coil at 4.2 K at 100 A.
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Fig.2 Persistent operation at 400 MHz.
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