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1. [XC®HIZ Table 1 Specification of YBCO tapes and coils
AN LREBEEAA VRO L EREAL T Coil No Ha Ab

57280, BEBANCB W THEAMNE THEEE T2 LR A EE Tape width (mm) 4.4 4

THD. LnL7ehn, BEBENHDIHEMEEZ TLUENWEL Tape thickness (mm) 0.2 0.1

BELLGAICIIZANVDEERTHERMERHD. D7) Substrate Niw Hastelloy®

A NVELE RIS D201, BRATICA LA TN Copper stabilizer thickness (mm) 0.1 0.04

LBIOBEER M2 T BNICIER TN EEL2D. Tape length (m) 130 200

ENFENT AN A XM DR EIE OB T BT Number of turns 172 257

W, A, 2 FHAD A MDDk 2 -V TRIEL 72 © 300 Inner diameter (mm) 200 200

mm FROIANEHNT, [REHEATEERRE FEEL, 32 Outer diameter (mm) 296 290

BR EARAT O W 11 5> B BAFRAE R A R L 72D TS 5.

2. (VBT BLWEE SR

FAELTZaA /L D5 TG4 Table 1 IR, #MElA Fig.1 127°
T #a B A LEBIT 4 ROMMZELRMNTHERFL T
W5, Ha B L UMb A L AR B M AR AL B I A 7, 1
BB ERLUT. 2V EEORIJES 0.25 mm DT LI
WA T, TAIMRDSEEE GM B EED 2 BinHIA
TN L CaA VBB EILE, aAVIREL 2 BERT —

DICRORHF e — 2 XORIEIL, FREREEE 30 K 255 60 : SR : —
K OFFICLE 2 7. 30 K 735 60 K O&IELEIC 31T 5 E F- Fig.1 Photograph of impregnated YBCO coils
EF RO ER R B I OB R O A E R DE
B AR R Fig.2 R #a B UMb LB 10 ;
30 K 755 60 K D& R IEITI5U T RBR R B Lo s Rt B 5 | s Bk
8L, RIEL- G R H B RS2 A L L BN 1f 1
TOBTLEHRLE. 2 o] —Gao
s s E it 1T l
. B W D, -9

IAJREER 40 K 25 60 K OFIFTLE 2 CGRATTIEE 10 10° 102 10% 10° 102 103
RERZEIEL, AV EERETHRAOEREEZHELT-. Current (A) Current (A)
AERTIET, AR Z — IS HI L7223 D i 2 i e Fig.2 E-I characteristics of YBCO coils from 30 K to 60 K
Z 0.1 AAATERSYE, BEORM LR PHERSN-E
é\(u%{ﬁ%ﬁ%ﬁﬁﬂéﬁ{fkbfl #a IA/LD 40 K [ZBIT5H 10 G j " Thermal runaway 260
B ERBROKE B Fig.3 [RT. EHEE 256 A ISR EL gl M {250
7o%, aAVEES ERUELT, Rl Em R LA s {240 o
BUAISIT20, AL CRBRE R T LIz, Eor ”0 3

WIZ, R O R BT HF LI LN 84l 172
B A T, 3 WITEMENT & EME LT, BERGEELT 2 1202
BHBROEEL—ELL, MOFERIIMWEASLELL. 2o 2 ‘5 ol {210
JVIRFE 40 K 1T DRRATHE R Fig.4 13§ 255 A RN o 1 o 200
IZB T, A VR EEIRTE #7273, 258 A BB 0 %00 1000 500 2000 2500

BOTaAVIRENRIIC ERHLARET IR RLRD, £
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W, AR 40 KIZBUWT, 204 A BERHIEREL: 50

Fig.3 Voltage and current variations of YBCO coil at 40 K
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Fig.4 Calculated time variations of coil temperature
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Normal zone propagation caused by conductor degradation for YBCO coils
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1. [ZCHIZ

YBCO #bHiTmbiss T R BB E A & i
a2 B4 50T, IR EIRBGE~ 7 2y b~DIGHA N
HFHEESN TS, LR D, aA /L O O—ER2MS
DOBERTEMEL (L LTS, ZOWMMILEGEENTKAEL
A NVICHEE 525N D, T s 13T TICZRFUE
B TaA N OB ET B AREM A Lz 1], A8
YBCO AWM O HIIic kb REEL, TOREREAED
% take off BEIZHOWT, aA/ARHEDHEAIIE 2 751
Y AZLEBRIET D, YBCO AN LD FEER BB fRNT
PR LT,

2. BEBRAE
IBAD-MgO V£ THIWEE 7= YBCO #44 (SuperPower 154
SCS4050)% AT, b J@&RE L I NN —Fa LAk
BIL7-, BFUIAEE 30 mm O FRP A& Ths, YBCO #ikt
%, 18 4.1 mm, JEX 0.1 mm T, BEIIH T M7 —7 Thfatx
L7z, #4288 1Za AL i 48.5 cm, % /81%£9.7 cm T
HD, EREILLEEOETLRTE Ay 7 L0 C, 1BER
TEDZL, £ BOFRRIENIES 50 um @ T BIBEX2Z 1
ZFNEUT T, aAMTRZITNT 7 1 TER L[], A=
AMT 4 JBBE 5 EBICHLER D EFED (I 1344 30A &
4OA) BRI ZEZ T (77 K) TEML, BFEORE
E(2-3V) TaANVERHE LT, HAEDBRWEE O A VR
ﬁ%()lu 3£ 100A ThH D,

3. R A&

Va—/VREEGT | ROonBEBOT RIS L T
R =% af VEET LT, A ViR E TTK —E &
BE LTz, MM RF I MO, B oAz
ﬁi\L?‘:,’%E%%%f%‘)“é:&f‘:fwv%ﬁﬁbf:o SIET IV

CITERZE EALM O FAREARF I EBREE D n EET /1ICk
’é]ﬁﬁ'JlElFt&%{)i/ELt[ZJ n EAKSERE (2~3) 45628 T

PACEHAALIRHE IR, ORI TSGR L ET L
bL7z, MK ER ~OBYZIT R, WKL EL
7

4. RERIER

b OaA N DEBEEEFFRILIZEZA, WTIOLEIC
% 80 235 100A TaA/LVEED take off L, BIRNBSZ T LT,
& BB AR L Ty 358, take off ITED
IRADEENTITIR D2 DD /3% — L 8 BT,
(1) B E R EVIRVERLE C take off 75354 :Fig. 1 (u:l
ANVEIEEIANEEEZRT, BbF—2 Vi i%(z:%??é
TORBA DN, ZN0BEETDE Vil JI/%%t ﬁ“(t =
469 s, 78 A), IHIT, N VITBHETDEEBIT, Viir=
VF Ny ILUTUND, take off 4, 2.5 s CREFMER SIS (1 =
471.5 ) 2%, IAVIREELT 330 K £ T EH45, IRELEED
DR T DO FAREEI IR ESMAEERD 505 THY, FinE
B IT AR ER TH D,
(2) BR R BRIV EFRAE (~100A) T take off L7242
DAY, take off 1T V= V=V, DT v A%=E5, oA/l
R EZITN O T, mxé%%ﬁ(#f&#)@igbwi Fig. 1
IV EL, EIFIL take off % 1 BTHE UL T8, ZORER, =21
JVRFE BT 195 K /&, A Ui ELEEICRE SV
R, %J%m&szw—vzw:éaofv\‘éo

EFD 7 take off D EERAZ MV IZ, A /VEERE
TR MEPnfE MR & 125 LT=, Fig.1 lZ7R T X912, take off
X, 1-2 BOBVOLAEELD, 2 ﬂwFEJE’JfOc«mP? AT LB
R EAETOT, aAVEENSILT AL DRSNS,
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Fig. 1 (a) Experimental coil voltage and (b) coil temperature
around the take—off current of 78A.
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Fig. 2 (a) Simulated coil voltage and (b) coil temperature
around the take—off current of 69A.

5. fRIT LD LLER

IRFTIC L DA VEELaAVIRES Fig.2 (a) OITRT,
fEHTCIL, BED take off 1% 69 A THRAET 52, ZhiT Fig.
1(78 A)ITHE~RT 10 A E<IEW, FT2, ZORFETO 1V1IZH
JBEAREEILH EBROEGE LA THHE Y, FEBR TIIRE
AN RO A N E RN RT T 4 TN L TR ZEHZ TS
HENTODDITK LT, T CIIMBG M2 R E L2
TH5D, &I take off FIEBREFICIRDIEVEZRL TS, £
BE, AT OIREE S AT ORFRIZEMND, V, OMELT V, Br=
CFL, V, DI F Ny I T LT e AR AL TE
7o ZHUCOWTIE, n EAAKEL (~30) A7 i m B iR
Rt 2 R R EAL DIFH DY take off LT WS THHEHE
gIns,

6. £&H

YBCOZA NV TIEH LA O FARER BN LY, BT 5
fEAJE N = F U CEIFE Dtake offtB3AEL, BIRL~L~D
W72 IRE ERANEED, ZOfEDtake offic kb, AL
DRHENRBLTEZENHLDOTHEETHLER DD,

ABFFE L Ci) B A BT IR B AE D PE A )~ — 2 a
T - BRIE A A /S — T a AN I Z LD R T D,

& X #k
T. Takematsu, et al.: Physica C, 470 (2010) pp.674-677
A. Ishiyama, et al.: IEEE Trans. Appl. Supercond., Vol.
15 (2005) pp.1659-1662
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Degradation of the performance of a YBCO—coated conductor double pancake coil
due to epoxy impregnation
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1. [FC®HIZ

YBCO #1350 RIS I T 245 |- IRV 58 A3 < (700 MPa
FRE), BLERAUICIIRE R OB E AT L RTINS
B E CORARREHNTIREL 72D, L)L, YBCO #AF o
TREE (XTGP A R, 8071 (¢ Bii71R) Bl - 9ED J1%-H]
MLU7=3854, 10-20MPa[1]F 7213 >40MPal2]72 & D FE & 12K
W S1C YBCO @ HIiE+ 5,

YBCO Mt THREMLIZaA N 2R ORRZRIRY <
—CEIR L THUET D56, RS2 O{LIHECH
HBS AT TR PERE DN BT 2 ATREME 23S0 5, AR
TIEZOMED L E RFEHIREBRICIVFEREL, IR ExR
RN LT,

2. EEBRAE

IBAD-MgO & CHUWES 72 YBCO #44 (SuperPower #1-8,
SCS4050, 77 K TD Ic: 96 A)&Z T, X T N v /r—Fad
NETWEL 7, BHIES 3 mm @ FRP [fE Tdb, YBCO
A, 08 4.1 mm, JEE 0.1 mm T, F—URBIEA T T —
TTCHERR LTz, AV IENEE 30 mm, ZME 38 mm, &S 8.8
mm THD, W, IEER TaANEREL T CEXMHIED
~0MPa) , ¥ —#0% 54 ThD, IREEFRPTHELC, B
- EREZ R, 20BNV EZERE CHIESEH—
OV A7V %S BTz, 2Dk, 2A/VE TR
(Emerson& Cuming, Stycast 1266) Caiw il kL7~ (338 Kx
50 K, ED%, RO A7V ba L3 % 5 Al
L7,

F72, UL EEERNCRICTEDIEGEaA N ER/EL,
R~ —TH2H/3T7 1 TER LT, [RERO RN
{To7e,

3. EERRER

HEERIAANNETRF UV ERIAVOER-EILRFEE T
8L C Fig. 1 12T, EERIANDOEE (O), 4bADLF R
HEENBN, n EIX 27 THD, 1uV/em (SxHETHETR
(54 A) 1%, AFTHIRREER ¢ DR SIC—T 5, Bib, 5
RBaA VTSR, — 0, TREFVERaALO
Ba (A, BREEEITD T 8ANGAL, nflIL 3 THD,
BN, =R EIRICED, o/ VML IS LT D,

IANEBREXRLEND, & EOER-BIELEEZFHIL
AR, BILBEE 6 BEFEL-, HLEO—EHATIVHL,
S22 EALM DU 2 GIR LT T b 3 FIBE L 7= (Fig.2(a)) o
FIHEE O SEM 4% Fig 2(bITRxd, TR/LF—4# X
oyt (EDS) 12Xk ZmHmoric K, s> CTH
W7 7 B BB B ORBERAEL, 2> TEMTH
RN =Y N D QAN

4. #&Et

TRFLERIAANATHONWT, TRFAAY, BUHE, m—
LY NIRRT AR5 IS /145 % B A T TV TR
Bz, BRI MENTHR S M SIS ) Oe — 7 fiiX+12.5
MPa Tdho7-. ZOEIT YBCO #A ORIT 5| -IE iR
(10-20MPal1]E 7213 > 40MPal2]) &R A — & —TH D00,
WBFIZAE T [H1 G T TR B L LT AT REME D B D,

F7o, WHOZERI I L T 050D EFRBREC T
BHAREMEG 35, W41 TR 5591, YBCO #A4138%B
(~ZD2) J7 (cleavage) 12K L TIEFIZHIL, <IMPa OF%55
PRSENE ) TR G HIBET D, BEBR I OARE T 10 58 Lo
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IS ITERE RO TR B -IRVIG 1 T D, BB bAoA
BALOBARIZ DN TIE, IROFER (3A-a04) Tim T 2[4],

KRV~ —ThHNTT4 o ERIAANDOYE, FitkD%H b
RO T2 (Fig.l OM), RT7 4 3SR INTIT
PuThsriew, BERNEDITOEEL TR B D5 >R IS
HWECIRNSTH D, ZOWE, BI7 N ERE 184
CAHZLIEHHA, YBCO MRMITERMEIS Iz H4rifun oo
ANVERE EOREIZR D, RXT T4 ERITY L AR TIAL
FIFHSILCWBFIETHY, a/ VAL E<HIZTH
NTHD, FERIZLT, IEEFRAANTHREMOBEE J1nE
07D T, BHIENIBIRS I AEL T, B OHA R0
DEHERIESND,

T T T T T T
L 1 uViem 31A

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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Fig.1 Current—voltage characteristics of a dry coil (O), an
epoxy impregnated coil (/) and a paraffin impregnated coil

(m).[2]

Fig.2 (a) Delaminated YBCO coated conductor on the 6th
layer. (b)Microstructure of the fractured surface for the outer
part (i.e. YBCO part) of the degraded conductor taken by
SEM.[2]

5. F&&H

TRFIETR YBCO AV TIZZRES ORI D
TREENRIT D01, M O—E NS LA VR AR
WHId 5, HibiE, FEERFRSLFR)~—ThHHT7 ¢
EIRDOTFEICIVACHEI X,

AL Oh) B EEAT IR BUEAE O pE A )R —a N
SR RIS — T a A IS LA T D,

SE

1. D.C. van der Laan, et al,: Supercond. Sci. Technol.20
(2007) 765.

2. Y. Xie, et al.: Applied Superconductivity Conference,

Washington DC., USA, Aug. 2, 2010
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Brittleness of YBCO—coated conductor due to stress concentration by cleavage
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1. [ZL&HIZ

YBCO #bt DB -8R SREE 1T K&/ B G MEa o, #ibt
DEFHFHOF| RV IL 700 MPa LL_ETHEH3, A5 11
(c #hJ7mMH) T 1 HrEW(10-20MPal1] & 7= 1% >40-100
MPa[2]) , YBCO ##11EZ @& EFF 203, NAT ALY
EALEAN YBCO+ N7 7—THEAEINHEELL TET L
b TED, ZOMDOEAEEE RSB AR TIL, 84 H 2T
HNHHIUBHSBERH (~& 23\, cleavage) J10MT 5 &0
R ST TR D RHBET A HMHIN TS, EBED YBCO ##
MIZIITDEERR (~ZD ), cleavage) J1IZ LD RHES LD
EIXFEE W, A TIE YBCO A ICEERR (~Z 0,
cleavage) 713N D56 O FIEERE L Z O M7 v 2%
TN, TRV ERIANVORELE[3]1E DB AR U T,

2. BEBAE

28 LTV Z T T 5| o iR BREE B OIS X% Fig.1
IZRT, 1§ 4.1 mm @ YBCO ## (SuperPower ##,
SCS4050, 77 K TOD [: 113 A) ZFAIEME LB -5ED1H BTk
TR T, FHH% Sn-3.8wt%Cu—1.0wt%Ag 3= H (fil A 217°C)
THEALE, FHOEA AT 4 X4 mm? THH(YBCO JE@n
D, BloEVEEIT Fig.l \TRTIORTRT, S A3
ALK H T 10.8 mm BEIL TV, ZOHER T8l -
WD 1% N2 5 LR VR BEBR J1 2035, ZHUC LR
I DUREI IS FIEE RS FLZD | ZOERSy DD B3 e R 5,
FlomED iTe—REL 2T, 312380 HoBORES M)
BRI E 2 WTERIIL =, $7-, B2 (E 35 FRP
O L BT AE BV EEEL, BEMOBRETHRETIE
B AR HRIL -, BRI ZEFR T, (D51 -9RY ED
=) Bt —(3) L I O FNEAEBRAS O MW 03 = 5 F Tk
VIKLT=, £7o, BT Ol iZ SEM/EDS (2l #isR-tH
SR LT,

3 WERLEER

Fig. 225 >3RY J1-Ht 7 &AL O BfR%E7~3, 3 [B1H
OFFF| (#3) TIX 7 N BB 72825 (RA) D35 F1-Z5 7 il i
DIHED/NSL 0D, ENEFRIBIL T AE 5 5B I 2B
»5 (Fig.2(b) ), IHIZ, BRIFLIZZIZ L3 113 A5 100
AFETETFL WA (Fig.2(0)BR), 4 [0 H DF5| (84) Tidas
BNZBNTH-ZNAL T 230, D15 -3EY )
MEFE —EDOFEELBNEIMUFET, B (2 m(C)THWr4
5, MWt DM I TBRE R R 2RSS [ 1% 0A 7D
(Fig.2(0)B M) , Ik %2 SEM TEUILI-LZ25, iz el
B ORE M IARRA IR EL 2557 0.4 mm DERHDBIEE->TIY,
L EACM ORI OB UL D<A LA > T,

YL EOFERIIRDOINHIATED, T RAITBWT,
B SR DO PNERIZIBUVNT YBCO f@+3y 77— @D AR TaA
MO FIBEN AT U THRED, SR W72 LHLB D, KIT
HBIZBWTERZ ENLM DT 22 L T & IE N LS
(peeling) BSEEFY, HOIZBWTERICHIBEST S, Kk
LT DR BIEB T D75 SiEV ST (Bl-5ED 75/
FMPEA M) L8 N / 16 mm? = 0.5 MPa THY, H—727
A T5E ORGSRV IR E[1][2]0 1/100 THD, 7
HLYBCO #AF 1348 TEERR 11258<, BBIZE T 07k
BRI CHEE DR EE S HIBET D,

AR T, TRV ERIANICBNTUIEF— D
DT OETTI B -8RI I T, A VEHEN ST 5]
HEMEZ IR T2 [4], MO EL T, ZRF Iy F oK H—
DRz, BB 23 mbaA VoL LN LTS ]
et 5, M EFERT AT DA REFIEIC L DR S
B, & &M R 2D TV D,
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H Ol i
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base ~_7T77
i =
AE d
sensor <4 mm

Fig. 1 Experimental apparatus for the cleavage test for a
YBCO-coated conductor.
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Fig. 2 (a) Tensile force vs. vertical displacement. (b) AE event
signal vs. vertical displacement. (c) Critical current vs.
vertical displacement.

4. F&O

YBCORRM ILEBERH (~& D3\, cleavage) J71Z5F L CBAZE 7R
WUBIPER IR, SR DRI 51 0RD 11X, BTk
SIEVDLGAE LM/ NSV, ZOHEWTHENRZRF U EIR
A BITERHEL L EFIESEZ TR O—>THHLHE
BINbd,

ABFFEL Cih) B BT IR B D PE A )~ — =0
HEEE A = a A I LD R Th D,

S5

1. D.C. van der Laan, et al,: Supercond. Sci. Technol.20
(2007) 765.

2. Y. Xie, et al.: Applied Superconductivity Conference,
Washington DC., USA, Aug. 2, 2010

3. T. Takematsu, et al.: Physica C, 470 (2010) pp.674-677
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Current carrying capability and thermal stability of HTS coil for magnetic sail

A UE, sk BRI IR DU, e Mz GOQ; MR —SE (JAXA); I & GRER)
NAKAMURA Taketsune, FUKUI Masanori, SHIMAZAKI Mitsuyo, AMEMIYA Naoyuki (Kyoto Univ.);
FUNAKI Ikkoh (JAXA); YAMAKAWA Hiroshi (Kyoto Univ.)

E-mail: tk_naka@kuee.kyoto-u.ac.jp

1. [XLHIZ RO Z N—T13, BMEE~7 Xy DOIE 50 : : : —
BRI AR — VR LR IBIR (75 R~ i) L OAE E AR % e
R U= S 2 i i D SR M A 1R R L, S a2 40| o | |
EHELTOB[1], AR T, 4 AH— RS ERO—ELL ©_Experimental Resu

(%)
(=1
T

T, WIREEEIALVOBIEIFEICE BL TRFL TS
[2]o AHETIE, AYNULAREIRBEEIALIZONT, £
DEERFFIEDO B BLR 2R E T 5,

2. BERFEAN AL ORELBEERE AFLTIX
SuperPower #:8 D Y R F IR EET —7FF (1F: 3 mm, A
0.1 mm, £X: 2.8 m, BRAEN: 73 A@77 K) ZHEHL T, 248
JEHIF O R A M A VA RIEL T, )1 ITIEERE
Lol B E A VOSBRI Gz, 72X 2121377 K2k
FHBERE LA BENEILRT, K218\, EIE '100 10 20 30 40 50 60
(V) — EFDFFEORERE RNOFM L7 R BRI 45 A 72 Current 1/ A

fechors, ?S%&Z, %&)24}1/%%[3?@%&71\11/%%&%% Fig. 2 Voltage (V) vs. current (/) curves of YBCO
PHCESTT =2 —MEL, D ORGAROIGTE VAT Rt double-pancake coil at 77 K (symbols: experimental data,
(WEFURAEME) 2 A L CRTEEA R T 2L8b18, 2hb curves: analysis curves obtained from analysis model)
BRI DL TRz aA V2RO EREE SR TR

Voltage V' / uV
—_ %)
(=] (=]

(=1

., ERGE L B I BT, Wi X< TR (Adiabatic condition)
TWD, ZIT, M E T HOATYREMEL, HEHERFE ]
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Fig. 4 An example of thermal analysis result at 77 K.

Fig. 1 Photograph of YBCO double-pancake coil.
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Flux pinning properties and microstructure in SmBCO film on various substrate
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1. [FC®IZ

BR AL % BBAR AR O BRI IS N IE, BE T TR
RN EERRRE THD, T4 13 REBCO MEOHT T,
BEL, BOWRALERYS By, A FFS 5 SmBCO REmE
WA OVERE AT O L& K> T, Bk ER iz
DHAFARR SRR =0 7 R E O BRI F 2 T il
IBAD-MgO 7—7 _ETOEMERE SmBCO #ibf ORI T/
1 RAR D BaZrO; 3L BaSn0O; A TE LV OE A7 X DRt
7o TET,

A TIE, SmBCOMM BIL D Iwt% Y,0; ¥/ SmBCO
#RAET (SmYBCO) DRl 1 L s sk v =0 7 Rt 2 ik 5
HZEXD, ES T REBCO #t 0Fa #4155 L% H
ez,

2. REBAZE

SmBCO ##h4 5 L O SmYBCO #4413, PLD 7 (KrF =&
<1 —H) % T, CeOyLMO/IBAD-MgO/GZO/Hastelloy
FM EIZ/ERIL 72 SmBCO JBD2RRE% 400 nm~500nm &
Uiz, YRR 72 06T, 253 ) B8 7 WA (TEM) (2 L0 Wi
kIR A BLEE U T, B R M L B T 0 12 FR O B
BH(By=0~TT TRIEETT/eo7, J. OBEGHIINA BRI D
BV, FAR SRR DREEFIINA B 0 & 0=-7 ~127
TEALSE CRIEER T8 o7,

3. HERUBR

112 IBAD-MgO & L SmBCO #ih4 35 & T SmYBCO #3
MO J, OBGEENINA R EZ 7R, B=1T BLU 3T 128
3% J. 1X SmYBCO #44 D 7 MBSO FREE AL THDHIEN
fERBS T, — AN A B A MEIZ P> SmBCO #ithf
E9IZ Bllab FFNZEB L Blle BRI 68 a2 R,
L2>L, B=1T (28175 SmYBCO A4 1E Bllab {28\ THFR
H72 2% B A R L CUVR N D E DRSS UA,

X212 SmYBCO #444 O lriil TEM BlEfE e Rt 77—
MR LC 207 FREEGI N7 MHIAHT HI4 A3 30-50nm F2 D
MFEICZ B ELZ AL TWDIENHERENT, £,
TEM-EDX Z3#i05, Y FAIEEIZ S —IZ 3L T ap e
DRI, — AT OIGHTIE SmAL R AN BRI ZFFEL
TWDZENMER SN, BIE, HASS KD REO; HA
SmBCO D ERZFT TR, Y4 HIZZNOOME T4
WL Cikimd 2 TETHD,
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Fig.1 Magnetic field angular dependence of J. in

LTG-SmBCO and SmYBCO on IBAD-MgO.

" 100nm}

Fig.2 TEM image of SmYBCO on IBAD-MgO.
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Synthesis and characterization of YBa,Cu3;Ox thin films incorporating
length-controlled nanorods
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1. Introduction

In YBa,Cu;0, (YBCO) films incorporating one-dimensional
artificial pinning centers (APCs) such as BaZrO; (BZO) [1], or
BaSnO; (BSO) [2] nanorods, critical current J. decreases
significantly when the magnetic field is inclined from the c-axis
of the epitaxial YBCO films; in contrast, J. of films added with
three-dimensional APCs such as Y,0; nanoparticles is hardly
changed [3]. The main desired features of J. for applications of
coated conductors (e.g. the binding to build magnets) are
isotropy and high values in magnetic field. Y,0O3; random
pinning appeared interesting especially because in-field J. of
YBCO+Y,0; films at low temperatures (40K~60K range) is
higher than the J, of YBCO-BZO films and 7, is almost
undepressed by Y,Oj; insertion. However, the distribution of
yttria nanoparticles and their crystalline orientation into YBCO
film is quite difficult to control On the other hand, the
distribution of BZO or BSO nanorods is easy to control, but
presents the great limitation of strong anisotropy.

We will discuss the control of nanorod length as the powerful
tool to deepen understanding of flux pinning by APCs,.

2. Experimental procedures

Pure YBCO films and mixed YBCO + BSO films were grown
for reference by pulsed-laser deposition (PLD) on the SrTiOs
(STO) single crystals. The PLD conditions were: £ = 310
mlJ/pulse, 7= 860 °C, pO, = 200 mTorr. Several multilayered
films alternating pure YBCO and YBCO+BSO layers with
different thicknesses were prepared on STO substrates by PLD
using the same experimental conditions, by alternating ablation
of a pure YBCO target and YBCO + 4wt% BSO mixed target.
The total thickness of all the films was kept to 300 nm. The
crystallinity and the orientations of the films and ¢ axis length
were determined by XRD. The superconducting transition
temperature (7,), the J/B characteristics (7=77 K, B//c, B=0~9
T) and the J/B/6 angular dependences (7 =77 K, B=1T) were
measured by PPMS. Cross-sections of films were analyzed by
transmission electron microscopy (TEM).

3. Results and discussion

Several multilayered films were prepared: YBCO layer
length/YBCO+BSO layer length ratios were 15/60, 30/60,
30/90, 30/30 and 60/60 (lengths in nm). Segmented BSO
nanorods regularly inserted inside the YBCO matrix were
observed in the cross-sectional TEM images. Fig. 1 shows
typical aspect of a multilayered film (ratio 15/60). All the films
were grown on STO substrate epitaxially and shown 00/ peaks.

Self-field J, values were high for all the samples (2~3 MA/cm?),

while the in-field J, was extremely high (about 0.26 MA/cm? at
B=5T, B//c) for two samples only.

— 250 —

10 nm
[

Fig. 1. (lefty TEM -cross-sectional image of YBCO (1 Ilayer
thickness = 15 nm) / YBCO+ BSO (1 layer thickness = 60nm)
multilayered film; (right) high-magnification of the same film

' Blisb Ble Bifah Ld
BT 2
@ 5 15160 (bl # 60/60
08 :c } |
it "' wsu ’\

8¢) o)

Fig. 2. Plots of the angular dependence of J. (77K, 17) for
YBCO/YBCO+BSO multilayered films. The
multilayers (nm) are indicated in the figure.

thicknesses of

These samples presented shorten ratios between YBCO layer
thickness and YBCO+BSO layer thickness: 0.25 and 0.33,
respectively. According to J./6 dependencies (Fig. 2a) these
samples were characterized by anisotropic pinning behaviour,
with J. (B//c) > J. (B//ab). The samples which ratio is 1
presented an opposite behaviour with J, (B//ab) > J. (B//c) (Fig.
2b). The sample which ratio is 0.5 had an intermediate
behaviour (Fig 2a, b). These behaviors depend on the different
mechanism of vortex depinning from APCs [4]. The anisotropic
pinning behavior can be explained by the energy change of
staircase vortex. In the case of nanorods, a staircase state of the
vortex line comes to stabilize in energy as the direction of the
magnetic field is tilted from the direction of nanorod; however,
the angular dependence of the pinning energy of nanoparticle is
more gradual than that of nanorod.
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1. [ZL®HIZ

i TR IR LB 5518 (REBa,Cu,0, (RE123, RE 1%
Y ZE A LEOCR)) OFT — T RMILIREES P TR
RETE LR A R 3280 BRI L7 Bt a
WCNDZEREDND ARSI~ A HfFSh
TS, AKBFFECIE, AT &L TCBaZrO, J/uyRaE A
LR RGAI23 T—7 BB ARIRTOATEELT
DF /ayRORIZOWTiERT D,

2. A TEIUERAE

FCBHER B D JT & Table 1 12783, PLD(Pulse Laser
Deposition)¥EIZL > TIERL72Gd123 T—7 A THb, &
MIZIBAD(Ion-Beam Assisted Deposition) I LD ERIE L7~
MgO /w77 g% FfDHastelloy 2 T2, Fiz, K HIZ
IERFEB L L TL0 pmDAgZE W o, ZOFREHIRIL T, 74
NIV T F7 4=k =y by F o T2 HWT R
100 pm, & 1 mmD 7V PRI T LT,

T TP 1152 O CER R BT 2l R I TRlE
L7z, UEHEE X, N A h A7 u— iR L4 — Eot
— 2 — |2k kEEIzar e — Ll RSB IE OB R
$E1XL pV/em ELTZ,

3. ERERLER

Fig. 11 A A2 &L T BaZrO,(BZO)%# AL7= PLD-Gd123
— N D 40 K IZ31 T DEG SRR L ORESFIINA B
RAEMEA R, IRIESTIZ 4 = 0° (B//0T cHlifHEE 1
ER U — I BFEIET 208, SRS CIIfER T/ o7z,
CORDBENTRAEE R EZEORIE TORDI TN EEMS
B —H L TWD, SHIEE IR O — 78454
%, Fig.2 |2 J OB AFEE R, F/ayREAIZL- T,
Bl cT LU TN, B/ c DIRBESHTIRWT /AN
FELL2D, T2, F/ay REAREICIX L ORGSR
DRELRDEMD bz,

Fig.3 (2, [ ORGMH J*/° OREREFEEEZRT,
S/ e TR E ORD LI — BAMITED Ui/ hNeZp o7z
%, SHIIRIBETIZEINT 5, /ey ROEANZED, L ©
HHFHEMEIR THIAD L COBZENSND, DD R
LMBIKIR A Tl /ey R BT a—RIZghnTnses
25, HHIFSHIZIKIETO AN LE OB RIZOW TR
T HTFETHD,

4. BiF

ARWFFEIL, S R E IS B R EH O —BR L
T, BT R —  EEEHR A B R AAE (NEDO) OZEFEIC
JVERLZHDOTHS,

Table 1 Specification of Gd123 coated conductor with APC

Material Thickness
Stamilizer Ag 10 pm
Superconducting layer PLD-Gd123 1.2 um
CeO, 0.5 pm
LaMnO, 19 nm
Buffer IBAD-MgO 4.0 nm
Gd-Zr-O 110 nm
Substrate Hastelloy 100 pm
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Fig.1 Magnetic field angle dependence of /, in a

PLD-Gd12

3 coated conductors with APC at 40.0 K.
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Fig.2 Magnetic field dependence of J,
at 40 K for B//cand BL c.
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Fig.3 Temperature dependence of the J,
anisotropy, /*/ /¢ at 3T, 9 T and 17 T.
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MOCVD-YBCO 7 — 7 1 3Md it FE AR A7k & 2 DR E AL
73 FF-MOD #ifEe L<RI7= BB/ 2R3 2805, ab Fifll
SEATZRRRIRE Y (BRAL) O F N RENZEEHETE L,

2. MOCVD-YBCO T—7 M J, DR AEKREFMLE
SuperPower ##1 MOCVD-YBCO T — 7 D% 5 FE ik
Tt J(H, 0) Z@EETELZET, H// ab HLELT-
WD J B =Rl (M1a), Z0E57 J(0) 13/hERT
‘/ﬁ‘At“‘/(#éﬁﬁbt VoA E E AT ORRKRME) 28E
N WEL AL, TRORICLDEXIX, ) =
(cos?@ + sin B/J/)w ERWT, J(H, 0) = J(eH) &, eH D
DEEERS (1], K1ad J(H, 6) I22OWT [ & eH (2L
T ayhdbe, FRATHESNE J(eH) D5, F
VHELEVERD 6° <|6-90° < 15° OERIIIL, 72BN
DIENRHEEBIZ, H// ab TAr— /LR GIZ T 172 (K1
b), ZOZEET FF-MOD JEEFEETHY (3], J(0) BEIC
INETRT U E B L ab EEABBIE L O ICE DT END,
FF-MOD REE[RI&R . &g Ix b 8 3 3 g (Bk e ) 23 32
Et"‘/f‘%élkﬁi‘?ﬂﬁéhto 72720 Jo~(eH) - @ a~0.7
TH-oT,77-80 K D ~ 1 XO/RENZENG, 50T
PSMz T Hr /@ﬁﬁﬁ%?’ ZEb RN 41,

7 ; ; ‘ ‘ 10! T T ]
: SuperPower
@ ¢ e 10 ol SCS4050
Hllab ;
5 60 K -'X SuperPower 1

SCS4050
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1 |- virtual J (eH) due to random. LIS
pinning? 07 X ]
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l

0 4‘0 éo 1éo 16;0 0.01 01
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Fig. 1 (a) Magnetic—field angle dependence of J, in SuperPower
tape at 60 K. (b) The scaling analyses of small random pins.

RCT—70 J(H, ) Z&5IREE FIFCGRlELZES
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Fig. 2 (a) ]C(H, 6) of the SuperPower tape at 40 K. (b) jC(H, 6)
of SuperPower YGdBCO tape with artificial pinning centers.

2. BRuEVIZ&D J, DEREKREFHE
TV i (// ab) DR DERALITHRRE Y (B a £575)

LR FOBERMNE LD IW f = poHlna’Ey4E =
woHlmad’/4e(0) & EFHESNTWS [3], 3 B Tx LTk
N HEBEMERET D & J(T) ~ H(T) ~ {1 - (T/T)*}* ~
A-TITYA+TITY LR D, INSRTF U LE L ERD
|0—90°|=20° O J, _ou\r;m L7= (K 3), MOCYD-YBCO
T TCHERMEVPEETHDL I EERTHERTH S,

10

fpiT)/f,,m) = H(T)/H(0)*
= (1-T/T)*(1 + T/T) o

(small random pinning
contribution due to linear pins)

J, at1e — 90°l = 20°

2.07

(1-1)

—e— 1T/(141)2
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Jo(M)/( + T/T,)? (MA/cm?)

o 2T/(1+1)2-20K
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T, is assumed to be 90 K
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Fig. 3 T dependence of /(8 =70° & 110°) in the YBCO tape.
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