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Evaluation of vortex pinning across low angle grain boundary in YBa,Cu,0, film
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Fig. 1
shows measurement configuration of J.-6.

(a) J,. and J,. as a function of 0. An inset
(b) J..
and J,, as a function of ¢. An inset shows
measurement configuration of J.—¢.
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Fig.1 SEM cross—section of YBCO on IBAD-MgO substrate
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Flux pinning properties of YBCO thin films with columnar defects crossing at widespread angles
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morphology in Ba-Nb-O doped RE123 films
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Fig.1 TEM images for BNO-doped Y123 films deposited at (a)
850°C and (b) 890°C.
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Fig.2 Magnetic field dependences of pinning parameter m for
BNO-free and BNO-doped Y123 films.

cl

Probability density, P(J )

=y

Y123 + 5at.% BNO

B=1T
T=T
g

— 860
— 890

E7 1E8

Local J,, J. [A/m’]

¢’ el

1E9

Fig. 3 Distributions of local J.s for BNO-doped Y123 films at
T=T,inB=1T.

— 207 —

£58611]

20124F PERK R T.27

RS



3B-a05

S =

BRE Bi2212 TEAFL Y LERO J OBR - REKEFH
Magnetic—field and temperature dependent J, in high—quality Bi2212 epitaxial thin films

LLIES #A8ST (PEFRAF) ;amt il Fnal (iR TR)
YAMASAKI Hirofumi (AIST); ENDO Kazuhiro (Kanazawa Ins. Tech.)
E-mail: h.yamasaki@aist.go.jp

1. [ZL®IZ

Fxid, ZHETIC, £<D YBCO M, 5— 7k o
BRI ), ORSABIRENE J(H, O ZRETDHE
LHITE BB (TEM) BUEEI TV, T8 E (ab TFiHEIZ
SEATAR) T R S 31 B OO MR A E R AR AR E L R D Ly
ThHHZEEMALT [1-4], 4Bl B &ER RIC/ERL 7
EE7R Bi2212 #EFE(7) > 80 K, (10 K) > 1 MA/cm?) @
J. DEEFREAFMEAE 75-10 K D JEV R #PE ClfiéiE4 i
WTHIEL, BalR e kDI 5 E 2 521T o7,

2. BIEQOEEFERLXREN. 7, J OBRIEAE

B A% R 9~ 200 B O PR AHZEE L (MOCVD 5)
\ZED, SrTiO, (100) HFEfh MR EIC @M E D Bi-2212 #
A AERLL 72 [5], XEREHTRIE TIX Bi2212 FH (00X) E°
— I DHPBBS I, cHlld F S RS L, R 112 nm
OWEBIZK 60 nm DEEANRYHEE L, L—F =
TATEY 40 pmX2 mm OT VP EERL | #kik (45
| T 7, L BHEELE,

3. J, DHFIKEFNE. MRAEKEN

IO PO E R EMEZ X 1R ARIZR L, 7.(onset)
~ 88 K, 7.(mid) ~ 86 K, 7.(R=0) ~ 83 K TH-7-, L% 10 K
T 10" A/m? PLEDOEVMEEZRL, B FIRE S 02N EN
otz (K1), 40 K LLETREROEIMEEHITEIITIK T
T 50, [FRFIZnfED KREIE T T H2En0, Bkt diE
@i (BRI U —7) O REBRKENZEN I ND (F1)[6], K2
ORGSR R AENE L S il T I ORGSR R 23 1210 T
WEHZEETRL, 2R IEED KR ER Bi2212 (2 W\ TRy
— XA A NZFI<FE AL TWDET VAR5,

—T T T T T T T T

TransportJ_,Hllc |

1010 C
10K (E, =5 uV/cm)

—
s
o
- 40 K
10° E
0\ \50K o :
— Zero-resistance *
0 NP T -83K *
@ 8F .
lss 55 K 5
10875 K 8. .
80 82 B‘A 8‘6 B‘B 9‘0 92
ey Temeemlue®) L
0 1 2 3 4 5

B (T)
Fig. 1 Magnetic—field (/#//c) dependence of J at various
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resistance.

Table 1 nvalues in applied magnetic fields

T\B 0T 0.1T 0.3T 05T 1T

60 K 8.9 6.3 2.1 - -
50 K 11.3 8.2 5.8 3.7 -
40 K 13.7 10.9 8.1 6.8 4.5
30 K 17.6 13.9 10.3 9.0 7.8
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Fig. 2 Closed symbols show the J(5) data measured in ///c.
Open symbols show the /(Bcos@) data calculated from the
J.(B, 6) data shown in the inset.
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HERIZR R I D2 EME [4], 2D Bi2212 HEEETHARIR
EUNEEE L THLIEERETHRRTHD, 4%, TEM
BB CHER T T ETHD,

10" ——— T - .
F 2 2 [ ]
[ f(T)F,(0) = Ho(T)/H (0)
L =(1+Tm)2(1-TIT)?
& t  (small random pinning
§ contribution due to linear pins)
o Transport J atH // c
E" 1o (Ec=5 pVicm) / ]
* | BesmT " B=50mT,
E - t)1.70-1.92 (1- t)1'93_2'11
:’6 L
Bi-2212 "24-035B"
T,(R=0) - 83 K
T (mid) -86 K
105 PERR | n
0.1 1
1-T/T,

Fig. 3 Temperature dependence of low—field / values. Both
TC(}?:O) and Tc(mid) values were used in these plots.
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Time—dependent Ginzburg—Landau simulation on the dissipative state in superconducting nanostrips

TG R, HIF SRR, M R (FERET)
MAWATARI Yasunori, ASAI Hidehiro, and KASHIWAY A Satoshi (AIST)
E-mail: y. mawatari@aist.go.jp

1. [FC®IZ

HBRE T AN 7 & WD T B 2R O SEBH R 512
PR S, TAFRBRE T AN o 7 OEGR K BRI B 3 5 0F
FENHERL TS, AP T, FEf{KTF Ginzburg-Landau
FHRAEEMEARENT, BREESBRE T /AN YT
DOBIRIRIEIZ DN T2 —ar &iTo7.

2. BRI{K7F Ginzburg-Landau (TDGL) A=

& w, RS d, BE L, OFB{RE T ANy 7Tk iz
W HEITONWTERD. ESITHHRARLVHEL(d < 1),
1% Pearl length K0V (w < AYd)ET 5.

RBARE T /ANy 7B T D BRI E A WP 3 5 5L/ 7
&L T, D time-dependent Ginzburg-Landau (TDGL)J5
BA,212E%5.

2
Foheat 2ol e
(1)

ZIT, y=|y|exp(ie) 1Tt 3 TONMEMEN g = 1 L7025
FHHAL LT= order parameter, @ IZANT—HR T vL, A
IR MVRT /b, TIRRE, T 3EFRE, ¢ 1368
HET, 1o TR, IRV E 13t FE BT Hae—
LVUARTHD. o, BIRELE j = j; + j, 13, ROBIREE
VL BE jo LB EREE j, LOFITHEZ LS.

S (b =|w|2(¢0 _)
g (Bl g fwea) o
0A

J.=0,E=-0, (E+V<D) 3)

FBIRE AN 7 DIiF1E Pearl length J0H/NSUEE w < AYd
EEZTCHNDHOT, s ERICLD B OISO MBI+
HIENTED. Z0EE, EO)-B)KTA=0LTD75 =%
HRZENTE, B Maxwell SRS ITEI0EEL Tz
FiIEkW. BREBEIIV - j= V- (j, +j,) =0 &S0 h
X725V T, SHIOERDH LT ERLELND[1]. v
FOODEERGMHLEL T, ANy T Oy VU CIIBRE - H R
BEROMBEKDNEREL, AN T UE CIImRH%EE
WS Iy THHET DM ERT D[]

heating due to the
photon incident

B TIZHOWTE, ROBMREFRAEZE X D[1,2].

C%—kV2T+§(T—TO)=Pn+QP )
ZITC, Ty IR OIREE, CIXEAE R, k I3BVRER, h13)
ANy T EEDPLOBGEIE, P, = 0, B> [T HAZEE
W&oV 2= RE, 0,13 F DERICEDFETHS. (1)-
DHXEMAEGDE Ty, &, BED T IZOWTEMAICHEE,
RBARE T /ANy S IZ BT HBRREBIZ DN Ty Ial—
aw{To7-.

3. Y3al—as iR

MR CHRONTBIREE T HE [y 0% mERKE
Fig. 1 IZR9. AN l@IE w = 208, BARIRIEX T, =
0.57., TETETRE L J, = 0.1332 HJ/A, (B S ER B ED
0.96 )L, ZDOMD /3T A—2flIX NDN 2 EL[1]. &
TR 1 ~ 0.1ps FRETHD. KOS B WERIE
[yl* = 0.4, b AoIEWERE Y = 0 THDH. MO
ANy 7 OEFFEITHEE L, LnbA ~fsER in
TW5. KOHED ETFBRIZAN 7 Oy IS 5.

FFRAN T IEIET DL, T OERI| Y RS
TRy B AR R AR A LFig. 1(a)], [y® 25l Sau7- sk
PEAR LT vortex & antivortex DRZH %S A3 4E B L[Fig. 1(b)], %
WRHI T BEL TERE N Ty U0 M~ AL TR EVT D [Fig.
1(c)]. 2D X7 Rt DA EIEB)Z 10 BILL iR T
FREANCIVIREN EHL, RSN TAN YT OIEIZHhT=> Tl
B OHIRGEI N TEB[Fig. 1(d)]. BEATEBYZfE->TARY
VT O IHCEENAEL, Fig. 1(d)DENTHEAREOHIRE
WA TEBIZHONTELEDMHEIL EHL T, KRS
TESNDEE VAL, 20Xk hAR Y DR A,
WAk DA R EE ), 36 LOVR AT 72 R G R S 0 5
ELVHOIRMBARTRAETLEEZLNS.

ZE Xk

[1] A. N. Zotova and D. Y. Vodolazov, Phys. Rev. B 85,
024509 (2012).

[2] Y. Ota, K. Kobayashi, M. Machida, T. Koyama, and F.
Nori, Physics Precedia 27, 352 (2012).

(d) t/75 =125
antivortex

O

beltlike region of
the normal state

Fig. 1: Contour plots of the superfluid density \w\z in a superconducting nanostrips carrying a transport current at (a) f/p=1,

(b) t/79=9, (c) t/7 = 16, and (d) t /7y = 125.
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Development of the next—generation NMR technology using HTS materials
— Fabrication and charging characteristics of a REBCO insert coil for NMR use —
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1. [FCHIZ

BB HIE B AR 0O F 2 i % e B S 2 TR 11/ —
arAlHHEE T 0T ) (S—A ) OWFSERIR T —~ T8
(B AT KL AT L — L I = I AFEHD
B 2B WA [ SRR E A B2 R U7k RN
MREFFORAZE 1 % TL WD, ZOMETIX, BigE~s
FyhBIONNMR 70—\ IR S8 B A 4 A2 L
T, MERELFIME A R ) _ESE - R IEAANMR Y 2T A
OBFEAE B L TD[1], =7 3y % Tix, REBCO #bf
ZHWT NMR <7 3y M@ i s AL - /ML T, 32 iE
RAVEATEART AT NMR VAT A G hE KT A%
HfsL TV,

ZHNETIZ, REBCO ##4 %2 . NMR i~ 1o MZiEL
T LAY =BT VA 17.2 THTRERL . 2 LB ER;
WAL C&T=, WIDICESK 50 m O 2 AV i-aA1
AR REL Tl ER IR R AT 72[2], RV A Y —
BARD LB By I AR A R 6D . £ & 515 m D REBCO
A% I C L BN ER 50.3 mm, A% 112.8 mm, X 88.3
mm, #EEL 2010 DA NVERUWELIZ, 17.2 T A CRERELT
W, TS 24 T ORESEFAE LT, B BT 1T
428 A/mm?, A /VEFEE L 234 A/mm? TH-72[3],

VL ETHEMmRAZEHLC, B NMR <27 2y b0
J@=iA V% REBCO it % AWz LI AU 2 . NMR R
PEE RG22 &2 3 L, 9 1.7km @ REBCO #i44 % AV C
LAY BT e N A VAR E - B EREABR LT -,

2. O JLEME 4R

TABLE 1 ([ZBYELT-aA L DTG A—Z 5053, H—EIR
ICLAEFLEE FRTHA-DIC, ANBE B R~ Ry D
TEERFETIZH| R E 521, REBCO aA/VOERBEE L, D
BEZENTIEEITELR W, w7 Ry MR T — 7ok
Yia R HET 55512 REBCO aA /L OWik YA A& E L=,
WK TR O BT T AN TN T A= FE R DT,

ZEAVIRT — 7 % A I AT L= REBCO #4715
12,5 pm RIAIRT—F 2 EEREMGNIT AT s
20 B A BRMEEIZINEECH o728, T B L F
FOTEARLL A —FHRR R T LTz, P C 5 AT LT,

B FEHE L7 BERERT 2212 0 REBCO A /L DErEL LD
MHENCAH D THHZLENFIES NI WAX T REBCO A /L%
EIRLT-% . R IR~ D AT 20— At BERFEE T
5125 L Ca A SR AT DEEEZBHIL 2235 168 A
FTEEBELEZN., B s L P BI O RERE TS
AEET 1L mV IAT, HERFEAITE) T,

Fig.1 (ZaA /L HLLTOaA VT M ORGSR LR E
il 225 TNT, A NS TIAVIRER O R T7 M O
BRI & A 2 s 3 JE L A R FRAE IRV C, Pl
TIEHRI 10 %, A /LA BB TIERT 17 WKV, E72 ks I8
BN ATV AE IR U, BT BB 2 5D,

ZOaANEREEH 600 MHz NMR ~ 27 %y hO N E=a AL
EANEZ . FEERERR A TRV AT 2 — T i A
OFHTTHNE T, A IR B A R LT, 201k K
IR AEOEFBA P IE T~ L, mV VR 2 E B A Fr

— 210 —

O CTHEMEET TV, KT 12.32 T (524.55 MHz) & 364 L
7-14],

TABLE 1 Parameters of layer winding REBCO insert coil
REBCO Whole

insert coil magnet
Conductor manufacturer Fujikura Ltd. —
Bare conductor widthxthickness [mm)] 5.00x0.15 —
Insulated conductor widthxthickness [mm] 5.10%x0.25 —
HASTELLOY" substrate [z m] 75 —
Cupper stabilizer [ u m] 75 —
Inner diameter [mm] 81.30 81.30
Outer diameter [mm] 118.64 331.75
Coil height [mm] 400.00 546.00
Total layers 72 206
Total turns 5532 42028
Conductor length [m] 1729.00 29134
Operating current [A] 164.2 164.2
Central field [T] 2.77 14.09
Central field [MHz] 118 600
Top / Ic [%] 42 —
Maximum BJR [MPa] 147 —
Current density/conductor [A/mm’] 219 —
Current density/coil [A/mmz] 122 —

3.0

2 BO cale.(T) —
)0 calc. /
s %0 meas.(T)

1.0 /
Bside calc.(T)

0.5 AR

0.0 Mﬂleas.(ﬂ

0 50 100 150 200
Current (A)

Fig.1 Measured and calculated field at coil center and outside edge

Field (T)

3. FEH

#91.7 km @ REBCO 84 &2 L A ¥ — &ML, BRER TS
(LR LA MR TE =2 813, REBCO ##44 % AV = NMR
<7 X OFEB A RENEEZ R LUIZEWV) L TRERBIRNH
5,

S E Xk

1. H. Suematsu : Abstracts of CSJ Conference, Vol. 82
(2010) p.185

2. S. Matsumoto, et al.: Abstracts of CSJ Conference, Vol. 85
(2011) p.174

3. S. Matsumoto, et al.: Abstracts of CS] Conference, Vol. 85
(2011) p.175

4. Y. Yanagisawa, et al.: Abstracts of CS] Conference, Vol.
86 (2012) 3B-a08
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Development of the next—generation NMR technology using HTS materials
— Temporal stability and spatial homogeneity of the magnetic field for
a REBCO/LTS NMR magnet —
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1. [FLHIZ

51 - ClE 500 MHz (11.74 T) REBCO/LTS NMR D #44E
15:& REBCO aA/VHLARRRER O Fea ik ~7-[1], AT,
SERKL72500 MHz (11.74 T) REBCO/LTS NMR K4 & bk L .
W55 DO W R I 22 78 B & 28 R 38— FE & 3T L 720D TR 4
5. 72%5., BEICERL7- Bi2223/LTS 500 MHz NMR R 4k
H2]& LTk 372,

2. EERAEALER

HUYEL 72 REBCO/LTS NMR I & BAL P 22 T I 3R B L
724 AT L EAR AR AT DT, ITW 7SV AT 2—T
R Gl L 7=, ZAUC XD, SEBRAM (1 A D I2h
T=0HARA) T AOFTRIFIARETH T,

BEE—RThE SO MAE NMR FHRINATHEIC/R AL LD
T 2 E E (<0.5ppm, ) & FF-D | | & E AL E T E IR
(Danfysik #E8L) 2 BT 2 il L 7=, REBCO #4127
BEINDIEHE TR DMEDRSS DT | B B RGBS
H—U N RGN, A A 11.75 T(500 MHz) £ ChHéL | &
MERFF LT A E U DA DB ORI Y72 R 7 |k
% Fig. 117, KUCIE, g 7=0512, 2008 - FE L7
Bi2223/LTS 500 MHz NMR #1231 555 R 216 R COR
L7, WD HTS AV —haAfVZIZRICHEIRTHS,
REBCO/LTS NMR A OEA . D 24 ERefERe#E ko
WG ORY 7 T 740 ppm [ZiEEL . Bi2223/LTS M D&
(37 ppm) L~ 20 fFHLDOKEXETH D, i RAIMTETHE
NMR FHHI AT RE72 108/ RIS RIS ETIC LT AFFEEE 2 3
%, FZTC, Bi2223/LTS NMR CHEEOHHE T NEEER]T
WG OB E B D2 EAL LT, BIRRIES T TEREIRIC
BZETHANI—EREOOERMETHEE (I —/—ra—
R F5HFETHY, LTS @ NMR BiA bl SN TV,
LTS @ NMR B4 Tl 0.1%°55 0.2%F2 DA —/N—T a2—h
ZER 4%, Bi2223/LTS NMR l&A TiE 1%DEIHROA—
— v a— TR N Z EALLT=[2], 4D REBCO/LTS
NMR A Tl 1 EDDITRENDK 59D A — 73— 2 — )3k
ORI Th o7z, fi R, WAl 144.6 A TTHEE
L 12.32 T (524.55 MH2) DR A58 L LT=dk  ERD 11.74
T (500 MH2) 252 T C—BICPRFFLT,

500 MHz OREIGBI1T DRséA O WLl EORESSO 5 Fi %
—lem< K Lem 12T Fig., 2 123, Rel oA 2 ik o0 e 3
IE WO =T — N5, IEillkEiZE B LRV
FFCTPREND 2D 2=+ 1em T-0.44 kHz THDHS,
EFRITIE 2=+ lem T-41.4 kHz b D 22 L DFELTWD,
TR, BRE Y AOMIERE LR TH KRERMETH D,
FEAFLH AR LR R, O ORINBICRESN- 28 4
BT T o Ea A v (L sy arad ) ORETD
HIERESS DN, SRR REBCO J& TAUAIEREIRICED S
R CREEINATD  EaAVBRETIARS A DTT—
%5y & A A IE TERW 2D THAZENAL ) E o7z,
—7J7. Bi2223/LTS NMR A Tl S 12 ol 237
T CEV BN a— RSN E /R DT, LLERAOf ELIC

— 211 —

BT RS DM 2 BRI TEHDT, 2D XH 70 B XA
FEAL L o7z,

800

600}- REBCO/LTS 740 ppm
400}-

200

Drift of magnetic field, 4B (ppm)

) Bi2223/LTSNMR > PP™
0.1 10 100

1
Elapsed time after the excitation (h)

Fig.1 Comparison of the temporal magnetic field drift between the
REBCO/LTS NMR magnet and the Bi2223/LTS NMR magnet.

50001
500

B,(z) (MHz)

499,99
S 499.98

1d

7Z1:-11.7kHzatz= *1cm
72:-414KkHzatz= £1cm

an

< PR B S S S

= -l -0.5 0 0.5 1
Axial position, z (cm)

netic fi

Fig.2 Magnetic field distribution along axial position for the

REBCO/LTS NMR magnet operated at 500 MHz. The error
components at z=% lcm are shown in the figure.
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R T DOFEIIG BT R EL NMR FHIZ 3512320
LTI AR T AN MEATHHZENHG T, B
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AT FE X OB 2 H A R BRSO pE 2 A ) R — g
HEE I A ) = a A HHHEE I C XA R T B,
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ZZTIEL BT 2 #[1,2]Tik_7= 500 MHz REBCO/LTS
NMR BEATIZDWT, IANT 2 F RO A T LT,
REBCO/LTS NMR A Tl g ?d REBCO aA/LEFE 7
D LTS AN = AV (TR AV ERE A A V) 23 E S
WZHE S, B ANV E BRI ORFHERPI T vy N HZET
WA ah#E L TS, 7o FREDKEED Y T IUA L
(LTS A EaA /L BNFEIRFICZ = F L, REBCO aA/LDE
DL TR EICED | ZETHD, 2D —ATIL REBCO
SA VLN TERGEIRREL Y B R RV BN AL DD T,
ANV EDOVRY P hch @iV, A TIE, ZORES — R
KU TNMREGA ZARHETEDLFEaA AR e EE RS
L CHRFLz,

2. RIFE

REBCO aA/MZBI AR AEEIFEESE LA RESR L
WL DEEHT L[3], REBCO/LTS NMR 1A R I35 13K
AT AR L C. 7I‘/%H%@%:’/]’/I/@ IR ETRE DI
FAbZ RO, BARFIZBITAEKRER THD 136.7 A
(500 MHZIZH8V VT4 TU) LTS A EaA L RRIEC =T
T HEIED T — AT TR LTz,

3. fRITHER

Fig. L IR T 8912, 136.7 A (£=5.1 ) IZBWTHME LTS
A NRRIRFIC 2 F LTSS LTS a4V OZEFE T R /LF
—72% REBCO 2A/UIZHEIL . RBECO ZA/VOERAE /yesco
M EFRT B (GER) , AU REBCO A /L OFRER 7
FHF5Z kf AV L pupco E FRET2 (R o
1 renco 13 B S Db m<ig b a1/ B R mEbic s
Dl E {}lhfﬂ%if) t = 5.8 sIZBWT, Jysco D Lopsco &
ERBE ANV OETFUHIB N TY 22— VBN Y, =
4/w>zmr“imb‘%ié( RBHY) . ZOWRE R X, mE

BN E A B SaA v BT il o R E S A7 fE ik
TRIDEDTHD, fupco 7S 478 A IZEELIZEE AL DR
JEMAR A2 D RIS B T 5 EEEBICEY ¢ = 8 s
IZBWNT 761 KITET EFT5, Z4UZED REBCO =A /L3
HEEZ T D RTREMED m 3],

REBCO =iA /LD #EHHL O mm N, JTF D
REBCO A VDR KEEIREE 7., \C 52 550 %% Fig.2 |2
BT Ry nco M 0.4 Q B2 HE, T, AEIKIZEDL, 0.7
Q UL ETIRRE EFITEISZR, AU, B e HREWN
13E REBCO aA/LDFFEEFROIEIMNINELT2Y | R ppsco
0.4 Q T fyppeo PE =7 D o ® FIEID, REBCO 211 /L
DOEGENELIRI2 D7D THD,

— 212 —

— REBCO coil current, I xgpco
----- Critical current of the REBCO coil, 1. rgpco
-——= Maximum temperature in the REBCO Coil, T pax

600 : . - | 1000
5001 478A 2761K1800 52
" =TT ==
= 400k — 1 383
S Ve 1600 3
§ 300+ ‘ 1 i-;g.g
i 1400 £
S 200f , |7 B~
~/136.7A s EE:
100F Quench of \ / 200 § =

- LTS backup coils_ 4 1

4. [ L
0 6 7 g

Time (s)
Fig.1 Current of the REBCO coil, critical current of the REBCO coil
and maximum temperature in the REBCO coil after the quench of all
the LTS coils.
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1 L PR | L MR | L PR
0.01 0.1 1 10
Dump resistance of REBCO coil, R 4rgpco (€2)
Fig.2 Maximum temperature of the REBCO coil in quench as a
function of resistance of the dump resistor for the REBCO coil.
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LR BILIZD T, 535,

2. BRBEESEOSHISEPREIEN (Rs)

ABAZE R D Rs 1ZEFHMEHEL L CGRA S TODFEER
IREHEE W CRIE LTz, @i oflEIcBL TiE, 3
HR[3]2 2/, 400~700MHz 0 NMR TlZ. 9.41~16.47T DR
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Fig.2 Schematic drawing
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