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Studies on Advanced Superconductors for Fusion Device
Part 3
-High-T. Oxide Superconductors-

Abstract

A series of reports on the present status of the development in Nb;Sn and other

advanced metallic superconductors has been published as NIFS-MEMO-20(March,
1996) and NIFS-MEMO-22(March, 1997). The third report of this series covers the
recent development of different high-T. oxide superconductors(HTS).

Bi-based HTS tapes have been fabricated by powder-in-tube and other processes for
power transmission cables operating at 77 K, superconducting magnets operating at 20
K, and ultra high-field insert coils operating at 4.2 K. Coated conductors of Y- and TI-
based HTS with improved performance at higher temperatures and fields are being
developed. The fabrication of Hg-based HTS with the highest T, among HTS is also
being studied. The ac performance and the mechanical tolerance of HTS, which are the
key factors in the practical use, are described in this report. The international activities
on the standardization of critical current measurement method in HTS tapes has been
recently initiated. ‘

The irradiation effects on HTS has gained much interests for enhancing flux pinning
in HTS. Meanwhile, the melt processed Y- and RE-based HTS bulk materials are being
developed as strong permanent magnets. The development of HTS current leads has
realized refrigerator-cooled superconducting magnets convenient for broad
applications. ngh performance magnetic shielding facilities have been developed
using HTS thick films coated on metal substrates.

An appreciable progress in the performance of HTS may be expected through
researches on the material science and processing technologies of HTS. The material
aspects of HTS are described in detail in this report. Different HTS components, e.g.
wires, current leads, magnetic shields, etc., may yield substantial contribution for the
progress of fusion technologies in future,

Keywords: high-T. superconductors, material aspects, Bi-based oxide tape,
application, Y-based oxide tape, Tl- and Hg-based oxide tapes,
ac properties, mechanical tolerance, irradiation effect, current lead,
melt processed bulk, magnetic shield
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2.1 HUBDIZ

Bt X BELEE La-Ba-Cu-O F%it 1986 ¢E Bednorz ¥ Miller(1)iZ LV RBR S 1,
1987 FOHMBEE T Z0EED KNF, #ErREENE, cOBER~T T2y
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FREZEROBE TTK 2BAIMWOK O T 282 Y R {PBEMEITT CioBE
YT &h, BEXETRT YBa,CuOux OREWBRIMFIRETH o, ZORAT
BBEEEED CuO, EX ab @AICHY . c WHFARIBERICEYZ Cul, miXTHF
FELR2W, TORBRINAE BIFRG). TI R AWB IV Hg RG)BRILOBEEEICE N
THRETH o7, Table 2.1-1 2, ZAEBHMBIATVI 2 b DREBHBRLHB
CHEDO—BRHBFHRL T2 RLTEL, EEL, T HARSEREHFICLIY ENE
NEFOEEEHS, Z0LC,. ChETOLBRBEREI L LTIFETH
SDEFRLY, BILYBCEEFHIERRE IR OO TREVHETHS Z LK
Pl ol, CORBBIAMIIESEZEGCHEHBHEILELHEEEIC L, I ERM
I, BRERERZFCLRAFHENRERNS,

OO, MR ab@ICHITICAMLALZ L cBFRICAMLE L ZOBEOE
EHIBRELRLRDED, ThETOELBRBEEENFEFH IR IBEEORKRE~Y
U5 42K LD EDHTHRWVWEGEREED 77K TREBBREDLOLTREL, 21
LEEARBMLTHEERZDLDTHECT, FLEERSL L3 LERITI=AKTF2E
ATV RWIEFERARCRoTELE, AL, HEOCEFHBIUVBREAKBMHEORY
HIZESHWT, c HF A CRBROEFRMERBELTVWEA LALLMk, &
RAEEELEAEREE® ET522DI0E, ZOLHIRBEOBBLLEDELER D
S5OTCHBEFHEOERIBEFEL = V7ORMBEREEICR S,

T, Y RECOBEEEEERINDILE TSR IOBERLOL b WOBEREH
EEFR>THA3pHERLENRE, BEOESI v 72 METI L IL, HEICH
REFERE LHE T 77K, ¥ oA T 100A/cm?, @4 1000 A/lcm? OEHREE L
PROLNZVE, BEDDSVITEEED J, 2BLESHE»LEMLD L 2~3 F—F
—bFEV Jo AL, BEMANBROKNZEIEL TS EEAMNIR>E, =
NIIHBRAR Y a7 VY - BEOBRES(weak link)TH 5 EHLEZILRTWS,
SO, cWFMIZEBRECR Bl RBILOEGEE T, HERKIZBWTE X ¢ &
FHRD CuQ, MOITIZIERET 2 EH OB S (intrinsic Josephson junction)?s # 22
EhTn3s,

FBETREALEIBTOHEREMMBEL LT, ER2BFE, Cr=v/B8IWV
AN SRESEMmY LT 5,



Table 2.1-1 Abbreviation and T of some high T oxide superconductors.

composition abbreviation | Tc (K)
¥Ba2Cuaslx ¥-123 92
NdBa,Cus0Ox Nd-123 99
BizSreCaCuelx Bi-2212 80
BizSraCazCus0yx Bi-2223 108
T1Ba20a2Cus0« TI-1223 120
T12822022Cua0 T1-2223 125
HgBazCa2Cualx Hg-1223 138
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Fig.2.2-1 Structure of perovskite Fig.2.2-2 K,NiF, structure of
ABX, (La,Ba),CuO,
' Superconductor

T ATO THREZERRBE, 77K # &8 % 72 YBa,Cu,0, (T=92K)D B L. B =M k13 |
BERk B O FIR Tid Fig.2.2-3(a)il T T EF R (YBa,Cu,0,) TH D4, RHDRF THR
ZH RN YT 5 L Fig.2.2-3(0)IC T 74 5 & (YBa,Cu0, )it 2 W BERERT LS
WL, TRHHoDOBEBEOBENWT, EFETHETOE TCTATOBERIEKITTEY,
—AFMEFETIY a MiFMOBRBOLMBIKT. b BFRMOBIRRXFELTVBZETH
D, BEEAYTTOI CuO,@THDD T, Fig.2.2-3(b)iZF L 7= YBa,Cu,0,, TiX,

(a)

Fig.2.2-3 (a) Tetragonal structure of YBa,Cu,Q, insulator and

(b) Orthorhombic structure of YBa,Cu,0,,, superconductor
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XL /pBLCu0, Lk CaHDHDOHBMIAZI L 2EKRTS, RRWERB/EL LTBIL
FELYBEEE T T 24 80K @ BiySr,CaCu,0,,, 0#BE % Fig.2.24 IR TH, B
ﬁtt&%@.ﬁ:?ﬁ:ﬁltﬁqﬁla&ﬁf Bi,0,» 2 BBIZH > T3, LiL, He RE{LHEB
5 ki Fig.2.2-5 I8 T To d# V> HgBa,Ca,CuyOx @ K 512 HgO OBBEIZHR - T
W5, TI RELHBERAETR TLOL, 0 2EBEBRLOL TIODO1BOLORFHEL,
FREH Bi RBLDBEEGED Bi,0,2EB0 L 24 TLO,2BEBHB LU TIOL &
b, Sr FFHN Ba FFiRobDTHD, ThooBIEHEBREETENL
NE®D T, %R+ Ok, Bi,Sr,Ca,Cu,0y 2 108K. T1,Ba,Ca,Cu,0x 7 125K,
TiBa,Ca,Cu,Ox 7% 120K T ¥, HgBa,Ca,Cu,0, 7% 138K Th 5,

e Bi

@ Sr.Ca
e Cu

o0

O vacancy

Fig.2.2-4 Pseudo tetragonal structure of low T, phase(Bi,Sr,CaCu,;04,,)

of Bi-based oxide superconductors
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Fig.2.2-6  Schematic structure of layered cuprate phase,m,{n-1)n

AL TRTOBEHBEEKIE Fig.2.2-6 LT+ LI RBROEABEC T
52). Bik, Tl B XU Hg RBRUHEBCEETHE n 0 CuO, @& (a-OT NV
AYTEOEFEFE, 2EHMED BaOR SO B, B L UEBH{EE T o v 7 @ Bi,0,.
TL,O,. TIO BL W HgO R EDHEALABERV IV TETWVWAZ ¢ENg, D, BEELHE
SDIECu0,ETHY, FOMOFIERE TCHLOT, BEABZHEALERL Y OFMA.
ThEE c FRATEBLRVILAMRS, ¥V RBLHELEEE YBa,Cu,0,, i3
Fig.2.2-3(b)IZ R LN, "R Bi %, Tl #B LU He RBRLYBREEKLBRL5 L5
WRZ22D, BHHEEB 7oy 2 Cu0 OF =4 B EE 2 B CuBa,YCu,0,, &
HFITZhODOBELRA IR I XTI D,



250} )
-
°  200F ]
c
2 p
~ ysob ¢ -
-y
Y
= 100F -
v
'; q-\-v- .
2 50t / -
o0 _ 4
0 50 100 150 200 250 300

Temperature (K}

. Fig.2.2-7 Temperature dependence of the resistivities p and p,

of YBa,Cu,0, 4 single crystal

ok, BEEBLERBAMAERELORHW T 2F-BEYECHEED
ZETHHEOT, ERERBIERVWTHELELEREBIZBN T abEAEL clF @
THMHIIRE BRI LVEHTE S, Fig.2.2-7 X YBa,Cu,0,x BE&EH D ab @A
BIU cMFRORBROBETLTHS(3), BEEBESE LOBE T c BHRO
HAEHLIZ ab @NOHER® 100 FLULEOXKEZWETHZ, ZOIIRERORFHE
HEBEEREICAEZESL,. BEABNSEYECRNHEB Yoy 7IlkEN T
WEED, TROEDBOBRBMEOKREIIZLY c HIFRTOBEAFEEIREER
EhTwns, BEZ7oy 7BORBRENXB WV Bi 2% Tl RE(LHBLREEIBNT ¢
WMERMTCA L MYy s Pat 7Y &S (intrinsic Josephson junction)?s B &
B D Bi,Sr,CaCu,04,, * T1,Ba,CaCu,0, 2 Y O#W, A XD WEEHE pm?
A )THEEIN TV TH-8), BIrHBEBEEIIAENIC o BF ML 5 I H
RENTWAHLEEZR LR TED, #HEHOH & LT, BiSr,CaCu,0y,, B D
I-V 84 % Fig.2.2-81Z777(8), ZOH L F7AOEEZX 7.5nm TH Y, Fig.2.2-8 Tk
T4 I v Z2Paw 7V REERBETES,

IOLIRBREBIFHBIEESEGEBHORFHII 2T, BERERHICHFET
EOBMILPBEHEEED, RENLRBLYEGHAGORE L OFEIZOVWTE LD
b D% Table 2.2-1 iR $(9,10). BR{LHBEHEOKHBENBIR T, BEHIZ Cu0,
BCERELIZLEESE, BERETHMEVIHEERTIEMLZAOND
abk—LrARE abERTREBRECRELEBRLTENLTAE<RAVE om T
HHEB, cEFFRTRERICEV, cBANFMOa2E— L AR LaRPY REEDE
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Fig.2.2-8 Enlarged current-voltage characteristics for an intrinsic
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Table 2.2-1 Comparison of various properties of some high T,

oxide superconductors

-~ Josephson junction stack of 7 junctions measured at 4.2K

La system Y system Bi system Tl system Hg system
(LaSr) :CuO._ YBa:Cusle. 34 Bi:Sr:CaCu.04 T1:Ba.CaCus0. [HgBa:Ca:Cusls-.
crystal tetragonal orthorhombic pseudo pseudo .tetragonal
structure tetragonal tetragonal
lattice constant a=0.378 a=0. 382 a=0.5 a=0. 54 a=(, 385
(nm) c=1.323 b=0. 389 c=13 03§ c=3. 036 c=1.5808
c=1.168
T. (K] 38 92 80 108 138
Hes 24¢//¢c) 38(//¢) 19¢//c) 130 B8(//c)
{T=0K) (T) 125( Le) 2100 Lc) 400C Lc) 389 Le)
carrier density 2x 10" 5% 10" Ix 10 - -
[Cu-0] (em™*)
coherence length 0.7¢//c) 0.5L(//¢) 0.21¢//e) i 6 0. 3(//e)
(nm) 37 Le) di(Le) 4( Le) 1.9CLed
penetration depth 200 100 - 220 T=71K) 160¢ L¢)
(T=0K) (nm)

//c :direction parallel to c-axis, Llc:direction normal to c-axis

EEETIIBFEROHNESTHEN, Bi FBILHPBEEER ETIREINZIEN
1~2 EFERECHEIR-TREY, c i FM~OBEHEOEBEREZDODTHIREN

T,

MIEOBELSIX, BHFEXKEL, HEHBE o v 275 B0, ®° TLO, &2
T3S Bi %% Tl RBR{LYBEEETIIZIOBRATORERBT VD ~ZHEELRD
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T, ML ARHRBOBRIERES LD, £/, ZOLHILBEFEOKE W Bi
FBIUTI ARILYBCEECR a@is I bBIA~OBEEER cBIMLY B
Whteth, BABLNIEZIE{HEDbEILBREFRILESEMLESERESEY
DT BN BEREOR TV D,
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23 WEELSIHHEIZY—F

CoMTE, BERCOBENAEKOBAENEE JA4HELTVWAREOY L IED
L7V —THEIOWTHERS, EHBLZBHEBV TR, BEBERCBTZ Y 41—
7Vr7 (BMRABHES) P"RXRABTREELE J. 2RO FE—-0ERL 250 (K3
B) . va—2 VBB RLRVEIARBEES. b, HERPIEFF v A
MBELE RBP4 — 2 ) 7B RTYPNTLES TV TRVESOL S B -
TWHEIREE (P, BEAPOBI RV — A7) T, ERENOEER
Vo= /8 EC LT JLBESREZNS,

231 WMEBFLEROEVILED

ZIZ T, T, Bitter BIC X o TYFRELY - Bl REBLBIIRITIEROHFE
REFYEZFEBLEAFREL2ENT 5, Gammel i3, BREOBEAD T Ni OBHES
YBCO HEGOEBIRFTL, BT /v OBEZRETI L L~ THEBEEE
BEICBWTOLRROF 2HBEEE L FHKIC h/2e = 207210 Wb OREZHTS
BFEERBFEL TSI EERLE0). Dolan %13, YBCO MEEROAWON
RMEOCHFELLZVELST. BEBTFTHRHBLAIMNBOZARFE2ERTEIIL2E
L@, £, NGEEOFETAHA TRRETE L > THEIBH Zh, XET
Lo TREBE A EDINDZ I ERALMCLE, FLT, BEKBWTEANE
ROEHRIZH L THROBEES RV LELGEEESOANBIIAREUNOEEED
venv Vi (BBERREOARE) BEET D 2R LT, Murray i1,
Bi-2212 HOEHICTENVWREZRIIB VL TR Abrikosov ZAKFEZHA L 2 (3),

IOXOK, BERBCYBEREIZBNTE, Nb-Ti €% Nb,Sn k8B E 1o
LUERBOEEBREEALFKIC, BEAP CEAIBTLLERLLTBAL,. BR
TORAEREEDL. BREEELEROH THIu—L Y ARL-TRIZ S T2
BFEHEZCLVEDTEN (BEv=v2h) KhoTikEd, REBREAREY
THHAFTTCEAOARVER 2R T EDICRBEOLr LV EDRLETHY, BYEARY
YR T R —REATE L RRVEBAEREEL AL EDOLBRETH S,

232 HRZ7V—7, RAFRRLEFL LD HORX T — VA
HERCLYBCEERZTOBRREBENSL ~ 20K LEOoOBBECOFNEBEEZELS
e, boildb 42 K UTTHAZA TS LEBESBENE IR 2BBIIR LR
PolB@EZV—7 (RO EHEISNEHEER) EEREETHLIZ L Bbho
T &7, Yeshurun & Malozemoff i3, HEBEEIR AL YBCO HEAR OB LA
MELPIRFMOMBIZHALTBET DI ZLZ2RAVHEL, BEOBREELLBEE Y
U~ SO RAR— U, ##BELL@), #BESRE kTSU, OHIT 0.05 BE
ThHhY, RBOBEBCEEIZLSITS 10 0 —F -0 HERTEHHEE &N



of, LW LEFOHR, "OHREIHBBEOLZ Z L BEHEING). YBCO HENCEBR
BHAORE LS., BB BEATLIAE U HELOEELY IHULEXRERD
T kbt (6), £, Yeshurun Hid Bi-2212 HOBEBSRIC - W THBIEL T4
ofr. cEINFEITAROITOBRRATT20K & WHEBETH 1 RREOMICE/LY 30%
LEPTEEE AWK L, Bi REEHTCRERI VY -FREFNIVEATCHH L
R LA (Fig.2.3.2-1 ) (7).

' | ¥ | T i T |
3 BiSrCaCu0 B
-0. H=1kQe ll ¢ g " 20K
-0.4 - " | -
’ /-/l/ .
]
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f. ._,.—I""'- |
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Fig. 2.3.2-1 Decay of the normalized magnetization as a function of time for
' a BiSrCaCuO crystal. The field H = 1 kOe, parallel to c, is

applied after cooling the sample in zero field.

RERBOBEBERECB T, FHERAKEA B, SV EOERCERE, To
HMECHBBETChH-o T, BEEOBLAVYOEK CEoERoBREE T Z LB TE
5, tHIEHLT., SESBEEBEILHITEVTIE By LV bE3»TOERTERD
BEEASBEH AR, AR, BEECBITARNEHILOEDBERBIH VL THK
ERETHLBTORERTHS, HMEBCHBLHICRT IV oBERERLARE
SEAER L Z T HIERBLRATHRTH D, BE., ERBEERE TR EE
BEATF UV RBETIRAYHAR~OHEROBA L LTATHERR BT (BED
B¥) *EBL T35S, (La,Ba),Cul, {tAHBITI>RIEBEERHOERETH D
Miller 4. DT ORATYHR - BEZHEBL LB, £O% Yeshurun &
Malozemoff i, YBCO MR OFRWMBEAMN B, 2Q-T/T)" nx1b LHIh5C
EERBVWEL, ATERASMOCERLINERROBETERTI L LEW, %
. PHFRCPEAACOBRFBICEI s TAIHRY Yy 72— 2 KATHLER
THHEABE - BRERAMCH LV OIEBRBERESV S BE SNO-11), FAHR
BRI ESRLENEEROBHECBRETAHEVIROFARERLR>TWD,



Fig.2.3.2-2 K4 DOBILHORFAFERAORBRM L TI(12). BHD T, 2FT5
ABERBRIEHBEDPLVENRAEERNZRTA, 1T UEoFEBRATIX YBCO @ B,
BEB|mELD, Thid, YBCO DBFEREW (3RTHTHS) —LE, WEER
BELEDIFETHIEBEORELLTEZLNRS, £, Bi X%t o B, i3
FEFICEVE, ZhiZ, TORFENERICREL (ZKRTESNHL) | Avsr—=%
BRREABZPLITWVWILBEZORHETHLS, B, Bi-2212 kLd®HD B, iE. TOX+
V7= F=7REIZL>TEFEBRERTDHLLELIC, RKEaE<EkTHZ B850
T3 (Fig.2.3.2-3) (18), ZZCHEELR2INERZL W Lk, FASRERIT.
BAEREE Jo. LRALCIIC, U7 T4F VI ICIoTRESNE TEHA
T ETHhoT, RBCRBT LI RBERTER, BR/5X - BEEB L Lo HEN
CEROHSHEGBERSK L IIEECIBEELSZVWZETHD, EE. B, it (HE - %
HELRE, BERAESD) MEF BRI -TBLRAMMBRERY, Ebiz, MUH
EHFETHHEERIRBI A ZOREBERTS (14), Zod, B, DHTEHEL: b
I, ERREFELHE LR T I LBRETHS,

—— HgBaacachQOa (poly)
Ot : ]
5 F'Q:" i _0_ "R:O"'line
\oa —-— HgBa,CuOy4 (poly)
A & YBayCuz07 (crystal)
40r -a- BipSryCaCu,Og (crysta) | ]
el e Bizsrzcach3010(a|igne‘d) ]
— | o TlhaBayCayCus0y g (fitm)
L 30} 1
o .
X |o
SN
20F N\ 1
10+ A
o S

60 70 80 90 100 110 120 130 140
T (K)

Fig. 2.3.2-2 Irreversibility boundaries for various copper-containing
superconductors. The temperatures where R(H, T) is zero
within the accuracy of the measurement for a HgBa,Ca,Cu,0,

polycrystalline sample are drawn for comparison.
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Fig. 2.3.2-3 Irreversibility field (H | ¢) as a function of reduced temperature

in Bi-2212 single crystals with various oxygen content.

Nb-Ti, Nb,Sn s VoA #XRBOBEEBEEKORRLY V EDBBIZERTILD
W, LIELEEKRE L ABE F, = JB oA Fr—nLABRERLRLTWS(15-1T), Th
LHEBCEBLABOR S —A RN YBCO BBO J, KOVWTHBER TV 508
19), L L., ERBEHEEORA T —LEARLBBRER B, THLZOIIHLT
YBCO OHBARRAFEKAB, ThoT, TORAERL BR > T3, Hettinger %
B, 2V —7HRBIZCEBZXEHLICLT YBCO TLLBABEhIHE Uyxl/B ¥R
FL. B KH#LT F, BAF—AT5Z L 2RBLEA9). £OHRLFSIE, Bi-2223
Mot F oy LHBEC W TREBEOX Ay — LRI Z8HEI L (Fig.2.3.2-4 ) (20),
25-60 K L WO EWBERBAICKSVWTHEREY LV AFEF, = JB 2 B, K220 TAYT
—AFBEEBIC. RAEVABE F,., & B, W+ 5, §512, B, UEOIE
HBE CEBICBR SN EEE Uy /VBHE B, UTFTThb—RICE D Z-S L RELTH
W7V —7BRICIH VAR S L (20, B, AEOCRr—RAIX, RHANY Bi-
2223 @ —RXF 7B THLEBEN TV (21,22),
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Fig. 2.3.2-4 Scaling of F, = J;B measured with fields parallel to the c-axis.
Alsc shown are fitting curves by two equations based on
a flux-creep theory. Inset: relationship between F,_,, and B,

for three different film samples.
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ETHD (BBEMIZIE ~50) Do LT(23), Bi FR—XABH TiIIRE - BRI
FnfEkAE< 2, FAE 77K, 0-01T T n=10-20 REA XN T 5(22,24),
HIZEXE, RREMO—HDIZBVWTERAERLBATLICIIHBE2ER ) —<
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LEEEN DY, BEM~ SRy b REES-TTASEORWBBERHTIBERE
BdR&RA L THB,
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Mo, BERTVWEREREL 25— KROHEER (BRABTER) 272 67(@5), F
o, BEEREBRBLORME (Fr=v /¥ —) 2EATVEESICH., — KO
HEBTHAZL. ZROHMEGEB CTHIBERY/ TR - BEGBHRETH(26), ZIVW-o
% BILHBEREOBROMESRRILETH I YBCO {t&% TR & h(27,28),
BEBRIFERISVWTHR., HRAOAENL—~ROBEEREB THLIZ LBENMD LA T
% (29),

Koch %31, BMESERLICHEMNLE YBCO BB >WTHBEAT (H| c#) <
BEREEHELREL. HDEE (BRESF R - WEESEE T,) #5IZ L T, logE vs.
logd 7wy FPAE TN (BEEEKE) 25 EICN (BRSFR) ~2EERTHILE
R L7 (Fig.2.3.3-1 ) (28), # ©i3. Fischer, Fischer, Huse OER X 75—/ &
REOHIESWTZOF— ¥ E#RIFL, Fig.2.3.3-2 TR THBE2X7y—AAIZHAI L
72(28), TOAF—NBHIZOWVWTI, TOLRBETETOTCHERZ YV —THB CRHA
THIELRIABTHHOT, T, 2RI LTRSS ALOERRE~OREBRL L
TWBREEBLLNRTWS, LML, HEBOEMIZ OV TREREFRHETHLY . YBCO @
MM I RARERT A AR P A~ LR FATHEDON, K&
BREDHRXMIZED Bose FF3ATHIDOMN, L0 HIREVEH D (30,31),
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Fig. 2.3.3-1 Current-voltage (I-V) curves at constant temperatures for H = 4T.
The curves differ by temperature intervals of 0.1 and 0.3 K,

respectively.
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Fig. 2.3.3-2 Collapsed data plot of I-V curves of Fig.2.3.3-1.
Inset: Data superimposed with similarly collapsed I-V data at

H=2and 3 T. In each casecritical exponenta n = 1.7 and z = 4.8.
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2.4 HERBRRCIBITLI>HES

Y R BERMERBREIN., HEXRESh, EAGYEHE L THEAERER
REDEBEHAPFERTCICEBEAE, ALY, BREBECIV S IANERE
n, "AIRECERTREMLABTFET JCRERRENTLY, o, 77K T
D Jo B4 100A/cm® REOE T LMok, LL, ZThoD¥r7A0RE
KREBEL. ¥—FF L (Bean mode) ¥ BV THEEMIC Jc 2 RET D LEREICT X
BID2~3A—F—FWENBLNE, TORYHLHE Fig2.4-1 171 (1), EHHR
BREBTHEAECHEZ L AGREATERARLBATLERMR TOBHO A
BEAFEShUTSEL LTERERN 2D, —F. BIEEMLRDE Jo YT
N A X EETEN. RTRHETSE 121 >OR&ETRERITIR L, &V I
ChHLIERHAN ok, TOLD, HENFRBROMAERAFELTVEH DL
HBEEEELTWALEZLNDIIERY, HrOERBTOADIX IR T,
— &, EF I v /MBI TRERBRACFLSABETIEVOT, XFEARE. £E
BIFEMEL LU AT FEMEL Y CHBRES RSN, RN CTHEHESLT
FAZ77 AELZERBRATVALOLABINEN, ¥FBOXEAOKMRRA B EH
BEINE, MERBENELELIOTEIXBYIZERORNIIBAFEIND DI
BERBTHRT2IN, BHEOFFORERAR LI ICEROANIIERL TV D
PHRBRF I,

7K

Resistive Je

s L 1 A i L i 1
0 - 05 1
H/T

Fig.2.4-1 Comparison of critical current densities(dJ¢)
determined by magnetic and resistive measurements

for sintered Y-based oxide superconductors
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Fig.2.4-2  Schematic crystallography of SrTiO, bicrystals used
- as substrates for the thin-film YBa,Cug0,y

BalRANRYat 7YYy 2 3 (Josephson junction)® Th B = Lit. D
Y RBRUEHBGEE T/ I oz FRI—=0 7 LT, BEOKEYSOEEY Y
FAEERL, IV BEORENBRERAR a7 Y BB THD T L BEHMNCK
nTnsd, RE, BENROCHBHESEFA LA SQUID RFRAHEIATNS,

—F. SHUURBHAD J, ~OEBFIZ-Z 0 LANIIR > DiE Dimos 5 (2
£ Y ARIHBEEBENEZREEROEZR CH D, #51d Fig.2.4-2 iTRTI13E ¢ #HE
mLAEAI0)E? 6 EAKEZR D SrTiO, XEAERE AW TE O LI YBa,Cu,0,y X
HREELERL, ¥ 7 TCEFNFROBEBIVKESEEAS %2 10um @
BICHI L, ThEhoBaoFolf,. 4.2-5K TJ. AEXfTo>%, @ YBa,Cu,0,,
BRAOAE ORIV cCHBOAED DL ED, THLPhOREELUVKERRTO
Jc DE#% Table 2.4-1 IZ7T, TNEROBERTI. ORTVREHIN, BaERAT
BT JoiMETL, BEHEOBAERREL R ELTODETOREIRZRELLARS, =
DLk Fig24-3 07T, BRERD I 2HEMNNO I, THREEL, a0/
EOTTry NLAKENLEDZo%D EAns, HERMOESSENH 10 EL
LI RDLERNMAOEREETIRERENAND 2~3% BOTEL 2D Z L ARMICE
ok, TOLICREMAOBEN /D EVNMIAB R LB > TIZERITLBAMAR S
fins2y, SREOHFATRDERBARRLHMY > THEROKAR NS0, #
RIPav7 Vv va b RVERORNAEHBRENRS., ZORBRIARD
ATV VR aHRBRESELTVAOT, Fig2.41 CRLEERETE
FTERETRHELL Jo2 77K L EROBVEE CRBEAHNTCARICETTs L
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Table 2.4-1 Criticalcurrent density(10°A/cm?) at 4.2-5K for grains and
grain-boundaries for the thin-film YBa,Cu,0, y bicrystals

8 (¢) Grain | Grain 2 Grain Boundary
0° (3°) 7140 8000 4000
3° (7°) 5900 5300 1400
4° (4°) 270 220 73
5° (9°) 6000 5700 560
7° (4°) 140 180 40
10° (4°) 7800 8000 410
10° (4°) 7000 6100 240
12.5° (2°) 3800 3400 160
22° (2°) 800 260 11
35.5° (4°) 1350 1400 , 25
1r T T T T T T T =
'Y Z
. . N
®
~ 10} '
5 F ]
— - e i
i . o §
i ® §
™
3072 ! 1 1 1 1 1 1

o 5 10 15 20 25 30 35 40
Tt Angle. O (degrees)

Fig.2.4-3 Plot of the ratio of the grain-boundary critical current
density to the average value of the critical current density
in the two grains at 4.2-5K vs the misorientation angle in

the basal plane
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deposition, IBAD)ET&RT — 7 LICEMEL2ELEAYSZE N7 7B & LTHIT.
FOLEICAAy R ETEMRLE YBaCuOhy 77 THEBENTWVAE)., T4hb
b, RO c MERSH->TVWTH, BEUMOoBANRER M L2 Tt Joi®<
7By,

—h. B—RAETHERLE Bl RBEOBEEE D, SCRAEAL CTRENER
MAEOCEREIIRLS. ¥ RBLYOEERAEKLEBELTRXEVWEREED
10°A/em*(TTR,0T)B B oD &L SR -oTE %, Bi REGEBRM TIIRSERE ab &
IIXEA D, c BMARICIHED THLS, Z0k I RBARHR CRERELE CHLENE
MEARSERTWDS, ZOLIRERBEETHALZBEL CREVERMNSOL S
RHN D20 TR, 2R 0ME%EIZ LT, Bulaevskii &(4)id Fig.2.4-4 TR
F"brick wall model" (FV vy 7 U F—NLEFN) ZRBLE, BTl >O/BENT
i ab MAHTHEND D, BREE-THADICR Y I TRENAZBEDS 2Tk
Lz, Bi RBRESH TCHEROC c BEMARVWOT, KEVWEBTEMLTHD
ab i Cc#FMIZBRIMNLELEEZX TS,

ZhizH LT, Hensel & (5)id Fig.2.4-5 {277, "railway switch model” (LA A
AL vFETN) FRBLTVS, FoRERLEEZES Bi RBEEBEH O I @
REERTFEZAEL., cHEM LARENANEROMNZHBLTWERELRLS
JoDRERFE, TROLEESET I IRV =7 —icim+ 3 L2 RO T,
Z O"railway switch model"Z B LTV 5, Z Z Tik, FiF c BWiE2Mm L /SR A3/b
SVAETHELEL AR AL TERNIEN, 20X R/ EHAKRAIBESICE
S2TWRNeD, EBREECHEEKEFERIERBRBIRZ O LEZ NS, 3 5IZ

T C-axis

Fig.2.4-4 A diagram of the "brick wall model".



T ¢-axis

Fig.2.4-5 A diagram of the "railway switch model" with a low-angle

c-axis grain boundary at the switch.

B, Li 5@RIBEEFHEMEERBRIZLY Bi,Sr,CaCu0y 7T—7CLANAT 1
FOEIAFEBBELT, ZBLELVAALAY 1 v F(modified rail switch)® 7 A%
BRLTWVE, ‘ ’

UEnX5ic, Bi RBMcHBENET J, OBVREE, £ Y FBRLOBREG
T IBAD 2 LIZ LY JoDREVT—THRBENTED . MEMFOBHEOTMR
RERNOERMEZEID LIV 2ENTWD, —BIZ, T—7BE 2D EH
pDERARIIES RLZO0T, BT —7H55NWHLERTHEVWIAELNR TS,
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HERCDELHEHED S BRME L TERENIMBEEND Y HR, Bik, TIRB IV
Hg AEERILHYBRESCBIT2E I, BERBRL =Y, RABESRBIUNT
HEIZ OV T ORMNB LB % Table 2.5-1 12577, '

Table 2.5-1 Comparison of some properties of high T,

oxide superconductors

Y-system Bi-system Tl-system Bg-system
Anisotropy o0 Q000 OO0 OO
Flux pianing CO00 C QO Q00
G, B weak link Q00 olele; Q00 OCO
Grain alignment O Q000 Q00O ol@,
Cleavage fracture O QOCO COO Q0
{Workability!

O indicates relative intensity of properties.

BEBLYBEEER NI TCOLBREENEL R ESBEDORFERK
<, BEEETHS CuO, EAFET S ab BN TR —LL20E SRR . &R
FEEEE L ZIERBRERZTEM, c BFAICIIEEY L RRE (55 II&RM)
OHBL A bBEBOEBRD IO T/HELR2TE, ZOEDHIZ ¢c BHFE
RA- - BERER L TE6 3, BERE (ab @) 250 F—FRICHEEL TV S,
FEINLORILYBEREOEAAI/H SN TV IEERGBRBEEK L K%K
RICRE0TREDDAEBRERIBO THE 2TV I 2, B ¢ MFAORER
BERTRCOTE L EDEIBELI Y, REVWEREELBSADICRENOLIER
BROBNBLHIC25, LiL, YRBLU B REBESEIZEVTHEE TR 77K,0T
T 10°A/em? F A A BHBABRKEESBON TV BOT, BAMME > TR
BERBAEESS LN D TEERKTH S,

BEMBCYBERELRE L LTHEATARERBEE RS LITBT LR,
LN HBETH - L ERMACOBRERT A TOBERLYBERETEIT S -
ERTERYD, TOBRAZTEAMYERL, BRARMEHNIEREXEL T
IR ORMEHEEIIRD, Y RE{LOREE &L HERHBERED
5ELTREMAPE N ORESEORR LB ORESIRENEETH o5, iE
FERRBERYT c WEMLASHETF —FRBOND L3 Rot, BEKEES
BoHDIcR, ScicERREAEL L LBThiZRGRW, —~F, BFEOXE&E W



Bi REMtDHBENHE TIE, Bi-2212 HXERE T, Bi2223 BiIR I —XELREOM
IHETHR LS, BVLEREREEXSLN TV S, Bi-2212 ML Bi-2223 f#Hidd
2 ¢ BARIZIZML . ab ETREXRY ZHOBMRSRICRE LT, BRat:Eo
F—FRHMEEI TV, UL, BRAEXREZERAEC, AERECHEE OR
EEOEB 3 10pm BIZBRONE, £, c BFROBEFHMT, BIIHETHE
REBHROEENEKEZVWOT, Eriber¥y—0RANBRERAEHRESLORLLRS
e



HWIE BiRBMEaA TR
3.1 Bi-2212 ##

3.1.1 Wik
Bi %D 5 H—MRAIT Bi,Sr,Ca,Cu,0, (Bi-2212) TR EN 34 EHL. 85K B IZHE
REBEZEL, EARMICEVREECERM THEL L THRAREA TS, Zo#H
Brix, 1990 £FXMABER RO T o v 22 AVWERLBIZL - T, BHICEMB/REL
EHZERBREINTHLL, FOEA~ORAPMELE, ZoFEiC ki, Bi-2212
ERBLAVWERETHAE, Bi-2212 0 HREE CHEL. BEREE T 5~10C
- MWOBHEEETREEHET ZLICL» T, BEERNRERICETICEMTS, £k,
BEEKIEELECRERET 50, Bi-2223 BEXRKICHART, HROHESH
FHEFIZRLS, b REWVE W) HEERD,
B ORI, SEIERFEFIRLNTHENE, — B LE—2RE0HLAELT
BAEICI > THLHRHOBRVRMBERTE S, ELRWER 022 TRIZTT,

1) 3 — A%
FHEL, Bi ROMEE Figd.l-l CRT LIRS AICFHEL, HHEMTERE
Lk, ChifsARh, BUBRAS ZEPAGLTHBMTEKL, o—AEE
" ZfToTCT—THRET D, 0%, BABR-REToERZL > THRAEEZIT,
IOFET, bod bRERBBELE-TWVEI0IR, BAABEDPCBERLRENLREL
TAEH AR — AWML LTS “lBh” 0B THD, Zhid, BEEEHRICHK
FLAE N, O S0H R L BREFEFICEENSD CO,. O, BERFIZHRHEIND Z
LIZEBb0THD, ZOMBER., FETIECERROFLEN). EREFOH
HETREQ) BRRDPOME@BRIVUBIEITORA TS, EFETEMN IR
B.ERZUVA Y F&ITZ FETaAMERRBEINTEY  JiER LT 4.2K,
HORR T 4.9210%A/cm?, 23T T 1.8 X 10°A/cm? DERBE XL TV 5 (), &if.
AFETH) T2 F&UA L FTCOaAf MELRBEND L IR TETHY, T5m
232D 19 BB TA42K HERRP T 6X10A/em?* D JBABEERL TV 5H(4),

2) BN

Thit, BHE B SERCBEMNKESAT AT Y —2BA L, BEEE
K, BABR-RBETIFETHE, ATV —OBRHOLEFE, F4vFa— b,
FAY r—p—a— NESEXETHES, BROBECBHEEE SIS LBES
CHBEI LG, ThEANTRHOANRGTDAT NS, Figdl2 K. F4 v
2— FEOEBY R LY, Walker 513, ¥4 v 73— hE% AWVT 500m 2 I A D#K



HEERLTEYEG), ZORMIBEERRENRTWLIYT 7 F&UA VFTEREN
% Bi-2212 BH L LTI, bobEROBRHMTHD, ZO7 4 v 7 a— MR,
BEEASBHOEZHTICERBLTREY., N FY 7, BRAEE, KEHSHABERN
5, Hasegawa HIL, TNHE2RETEILDI, T vl a—-rRIFZ2EHEER,
HELOBEBTWMoT-BHMEEABLE®G), —OERSo R % Fig.3.1-3 177,

RAETHENLEZRHO J ik, BEREOBEEOa Y Fao—AR LT, BaE
BB 7ot ACBLEBEERZBRLTWVWI LG, R Br—2ABHM L
VHLBWMEZTRLTWAS, BROF 4 v 72— MET 42K, 21T $ T 4.7X10°A/cm?
DI (7). 100m 7 5 A»0E Y H Lt EEHRM T 4.2K, 21T T 1X10°A/cm® D
JeBEZTNL TS,

Packing drawing
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heat treatment

Fig.3.1-1 Preparation process for Ag sheathed tapes.
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3.1.2 MLBERM —BRE SR L EFDa L Fa—A
IR~ L S, Bi-2212 BH ., BRaBR oo Rl THREEN S,
LER-T, BMOBEOR LR IOBRLAABZBALTERINZEZED b
O—ARBFARTHD, ZOZLhb, UATLY ZORINK2W T, < OHEH
BEEINTENB,9). EREHEATLILET, OO THEREFHEZRLLLTNS,
Bi-2212 BEME&T, 880CADICHMABERMAZ RS, BB THEMLE Bi-(SrCa)-O
# (Cu-free). (SrCa)-Cu-O (Bi-free) HAAERK TS, D35, Cu-free HIXEET
HBHH, Bifree BIIAEE L biC
(SrCa)Cu0,;—({SrCa),Cu0,;—(SrCa)O

LT B, BHERZIR, TORBNEICEZ > T, Bi-2212 HOBEEICH S wHAHA
ROER L > THET D, LA L, (SrCa)Cu0, ABHAMIREERTI I LITX
ST, ZORNFEREBE+FIERILT, FHPL Lo TERNEPCHFHT S, B
MM PUETSIEDICE. ChoOROEPBLTZLNEETCHY TRIRTT L
IRFERRAZLNRTW S,

a BRBHK D TORLE0,1)

b. BLHHKMEOERE (i Ca R/ H 50k Cu dF4) (12,13)

c. BAVEAY — L DEE (Bi-free HERREBBEFEEOSM) (14)

SORTHE, a DFERBLELRLONTVEFETHY, ReB LB — 2
TOT—FP3ZDOFELZRAVELOTHD, R, 7ot A0HBLEEORRANL,
boFELHEEENTNS,

3.1.3 BE¥EREHE
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Fig.3.1-4 J. -temperature characteristics of Bi-2212 multilayer tape.(8)
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Fig.3.1-5 Improvement of Bi-2212 superconducting characteristics by Pb
dope(19).



BEGFEXIEBEDTRKEY, B2, 30K LLEOBRETIE, JHIELLH20HRL
P BABHERELLETT S,

TOMBELARBRTAHAEFAMELT, ThETIFEFIELRMBITDORATE R,
TIubHik, Bi-2212 BERHEOBRBOF-ELr L A2 E25Z8ILL>T, FF
BHRAMBNERTAZERRARL, A—A—F—7REOCHFBRTHERNEHL R
BLEAERLAEQS)., LAL, Z0L)I#0BET-oLL LTY Bi-2212 ##% 30K
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Tv3, Ko 5%, MgO 28 Bi-2212 BEEELRIELICC W I ERREB L, Mg0 O
MEFEAMIT-BEEHRFREAO TR ZERL(16). Schwartz Hid, Ba %
Bi-2212 IKHML, BoBER—BREBFIIIND Bl ERIELTERT I EERIE =
T g —btR5EEETLEAT.
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LRk Kishio bit L - T#E I, Fig3.1-5 ICZ0HERETT,

SThETHEIARREEGRICETZLOTHY, ZOFENZIOETEIRMIC
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ZOEMT, Bi-2212 BMOBGESETHEOLI LR, J EOBRAOCFREF
EAKENZETHD, “hiT, Bi-2212 BR¥EEORALIEBHO TRV IEIZER
LCW5, Fig.3.1-6 i2 Bi-2212 @M O J, O f Bk Z R,

IO Jo OHBEKFED L Hensel DR (20)% VT Bi-2212 BLEEROTEEH
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Fig.3.2-1 Fabrication process of Bi-2223 tape by powder-in-tube method.
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Fig.3.2-2 Relation between J; and tape length of Bi-2223 tape.
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Fig.3.2-4 J,-B properties of Bi-2223 tape for 20~77K.
Solid lines are calculated by formula (2.2.1).
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Fig.3.2-5 AC loss-frequency properties of Bi-2223 tape.
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Table 3.2-1 R&D of multi-filament Bi-2223 tape by major foreign industries

Industry E %(m) L (7:)3[1((,}852,5;.{;6'(1)

| short 5.8
ASC 4 70 1.78
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TR I > THEMEND Z LT, Bi-2223 B ITE_RTBEHEGENEBHESICHE
HTexnZ itk BALE., ZOBEEAVT Bi-2212 BEHH EE kA
BHRAATFEVV /A FafreRLELERETALIAALEZRHRLTVE®),
Fig.3.3.1-1 WEFA IS L OBBE L ETEFT,

Bi-2212/Ag-Au alloy

Tape Width 5 mm
Thickness 0.36 mm
Length 21 m

PCS Non-inductive winding

Singie pancake coil

Coil Outer dia. 50 mm
Inner dia. 17 mm
Height 5 mm
Off-resistance 0.05 ohm
Bi-2212/Ag

Tape Width 5 mm
Thickness 0.27 mm
Length g9X4dm

Magnet Stacked double pancake coils

Quter dia. 48 mm

Coil inner dia. 17 mm
Height 44 mm
inducance 1.42 mH
Coil constant 7 mT/A

Joints Butt-joint

Fig.3.3.1-1 Schematic drawing and specifications of persistent current

magnet.
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Fig.3.3.1-2 Stable operation area of the Bi-2212 coil.
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Fig.3.3.2-1 Refrigerator-cooled 7T magnet system
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Fig.4.2-1 A schematic drawing of practical _
in-plane aligned YBCO superconducting tape (6).
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Fig.4.2-2 A schematic drawing of in-plane aligned YSZ buffer layer

formation by Ion Beam Assisted Deposition (9).
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Fig.4.2-3 Incident angular dependence of in-plane alignment(FWHM)
of YSZ(111) buffer layer produced by IBAD (8).
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Fig.4.2-4 YSZ(111)} pole-figure produced by IBAD
for in-plane aligned YBCO tape.(16)
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Fig.4.2-5 Magnetic field dependence of J of in-plane aligned
YBCO tape produced by by IBAD-YSZ and PLD-YBCO (13).
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Fig.4.2-6 J distribution of in-plane aligned YBCO tape
produced by continuous IBAD-YSZ and PLD-YBCO (77K, 0T) (17).
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Fig.4.2-7 J distribution of in-plar;e aligned YBCO tape
produced by continuous IBAD-YSZ and CVD-YBCO (77K, OT) (20).
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Fig.4.2-8 A schematic drawing of in-plane aligned YSZ buffer layer
by Inclined Substrate depositon by pulsed laser deposition (23).
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Fig.4.3-1 Pole figure of re-crystalized Ni tape surface
produced by Rolling Assisted Bi-axially Aligned Substrate (25).
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Table 5.1-1 Recrystallization textures of pure-metals and alloys.

. Rolling N '
Material temperature Recrystailization texture
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Al cold {712 22),<845>
Cu cold {1003<001>, {122}<212>

Au, Ni cold {100}<001>

FCC cold {110)<112>, (311}<112>
Ag

130°C {100}<001>

Fe-Ni. cold {100}<001>

SUS304L 800C {100}<001>

Rolling Direction

Fig.5.1-8 Surface of cube-textured Fig.5.1-9 {110} pole figure of cube-

silver tape. textured silver tape.
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Table 5.1-2 Summary of the critical current density of the T1-1223 coated conductors,

103

-

at 77K

s vianal W T

Coating methods Substrate Sample size Jc (A/ecm?) at 77K
poly-YSZ 25pmx 7x ? 60,000 (OT) :
t
) I pmt x 4 mm¥ i
Spray pyrolysis Ag < 20 mm] 90,000 (0T) | 7,000(1T)
] .
cube-textured . :
Ag 100,000 (OT) | 15,000 (1T)
.1
]
Electrodeposition Ag © 70,000 (0T) | 14,000 (0.4T)
. 1
1
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Fig.5.1-12 Magnetic field dependences of J, for TIBa,Ca,Cu,0, films deposited

{a)on the cube-textured silver tape and (b)on commercial silver tape, and

(c)T1Ba, ;Ca, ,Cu;0, film deposited on SrTi0,(100) substrate with the field

applied parallel to the c-axis.
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Fig.5.1-13 {103} pole figure of T1-1223 film on the cube-textured silver tape
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Fig.5.1-14 Schematic diagram of the fabrication procedure for multilayered
T1-1223 tapes.
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4-layered stacked tape. stacked T1-1223 tapes.
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Fig.5.1-17 Normalized critical current vs. bending strain in single tape and 3-layer

stacked tape at 77K.
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Fig.5.1-18 Heat-cycle characteristics of wires between room temperature and 77K.



513 Zofiorik
1) Ry — A Fa—Tk ,

Wy F— Ay Fa—Fk CLT PIT &) i1, TI ZBEHEEOBHBEIENBLETE -
THORCBACBN SR, TOERFRBER. () S8 7 0Bk, (i) BE
DM, (i) EREomEich o, YL, KRBT ABRESOMENTESBRE S
NTWRboel & uH 0, (i) OEMEmER. ol bEBEHESLD ¢ BEy7—
THCEECREMSED I LCENSATVE, fxid, Figs.1-19 i3 2 BEOFET
fEM X 3172 T1-1223 ((TVPb)(Sr/Ba),Ca,Cu,0.)88 > — A BM OB J, TH 5H(27). =
Z T, partial melt X T1-1223 BEEHRELITHE L THER LR — X5 — B %

900~ 950CHEHERELE TRALE L H D, ¥ PCS(Phase change sintering)¥ 13,
T-1212 ¢ ENLADEIPLRIFEPRE T — AR EZERL, T0HOBMNER
ETTII228 WHE(LSEE DO THD, JBVTFRL A LvRFRAVEERA CRE
ENAbDTHDN, PCSETIZTTTK BRA T 2.5 x 10* A/lem? L KM B VERES
NTHD, ZHid, BHPT TI-1212 A T1-1223 cHELT BT, HROKXE 28
BT —FTEICETEREL cBMEREABMELEZLITL D EHBEINRTWS,

100000 oo e R
Y
PCS at 77K Binape Hi
Ii .I[
[ 4at
10000 m:@ =
2 ‘\\ :
= {iN ™ ~TeH
3 000K Partial it
Melt -
a \
2 3 :
i
- 100 [
!
244,
10
001 01 8 L 10

B({T)
Fig.5.1-19 Transport J; characteristics under magnetic fields of fabricated T1-1223/Ag

tapes.
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Table 5.1-3 Summary of current density of PIT T1-1223 tapes at 77K.

Length Ic Core J. Effective J,
{m) (A) (A/em) (Afcma)

Monofilament
Pressed 0.04 25 20000 4500
Rolled - 0.4 8 8400 1600
Rolled 1.5 6 6300 1200
Multifilament (19)
Pressed 004 16 11000 2500
Pressed (sequential)  0.14 12 12000 2400
Pressed (sequential) 1.3 9.2 9200 1800
Rolled 1.5 8 8000 1600
Rolled 12 6.2 6200 1300
Multifilament (37)
Rolled 1.3 12 12000 2400
l6 - T T .l T T ]
C] @ 19-filament rolicd 77 K, seif field
15 F| o 19-filament sequentinlly pressed S
4 £ oo~ 37-Ailament rolled ]
= L 12 Aover 1.3 m - 3
< E " ]
~ 13 b 3
- : / ._,_.‘.-l RS :
g 1l F e 9.2 A over 1.3 m}
S 10} a o ;/ ]
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£ g F ‘ b
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8 T T - e 1*3
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Fig.5.1-20 Variation in current density over meter-long PIT T1-1223 tapes.
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Fig.5.1-21 Schematic drawing of the mist microwave-plasma on

chemical vapor deposition system,
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Fig.5.1-22 XRD patterns of films deposited MgO(100) substrates at various input

molar ratios of oxygen.
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Fig.5.1-23 Schematic drawing of the in situ deposition process showing two
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Fig.5.1-25 Schematic illustration of the diffusion process for T1 superconductor.
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5.2 Hg B

AEFRBEYEEEE HgBa,Ca, ,Cu,0p0.1, s (n1=14) L. HgBa,Ca,Cu,0, , (Hg-
1212 8) TEEFIEE To~ 128 K,HgBa,Ca,Cu,04, ; (Hg-1223 48) TRE D To~ 135K %
AL, BELERAOAE LB VELEREATHE1-4), b DL OBEREBEEN
BETCHLIZENRWEIRTT &I, IBM OMEISN—TFTClL—Y—FT L —33
YHECE o THGEOERBEAER SN, 1I0KICBWT 10° A/m? L E5®0 J; B8
ENkG6). TOLIIC, KEZBRILD VP EN-BEHBRELEL TWE I EMNREAN
efed, ML BRLAFES ZhE TRV 20 Tb T,

. BHEERSLETCRELAMBEL RS- TWEDR, ZRLDEBBRERT ORGSR

BIELRBOEBZZIOI., BEETCHBEORBAIS T CART I L NEET, /o
—TRy I RAERWEMERRHER 2 h e —ABLELRATHo(1,8). LEBLED
%, L= (Re) BMIC L - THEHEHEBLENIEECLRZ I LBRAVHAR, &
FERICHMERERK L e — R RBE LB RoEDOT, IWHOTEERIEN -
7(1,8). &bic, Re RMRBORTHRANBRMORE LY LB RSB - L RRE
. Re F—f@:ct'éﬁfitct“‘/:.:/a*izy&—@iﬁ)xmrﬂﬁént('!,s)o LaL., KR
ZRCHHERBOBILEEL LTRAASY 7 -0 X3 2 BBEINTEY (10-12),
Re BMAM TLRRTHD I ENFRENLLDHAI), THHERAOA LN (BETIEA
(AN ZD) EVEDADHEI XY IS HICRESLETHS, k7. Re U
Hizd Pb OFMBEERSOEKPESIZL(14,15), TI OEMTT.(R=0=138K
FHETZ L BRESNATVAE), Liti, Hg OERKER Tl ROBERERILY
CHBLTLRWEDHEIOBRLENLETHS L, RIRT Hg OREEREL S
COBREBEFHRTII LAY, fOFK (Bi. Y. TI ) L& L CHHLI BT
HEBENB NI LIFHEWREY,

IHhETORBULOBRAL LTH . BU—XERAWERY T —-of - Fa—T1(17,18),
Ni 7— 7 LIz EEFERT 5 FEQ- 20855, Zofhic, EEMNZBHIERE TR
VAR, BBMAERICILD T 74 RA—DER(22.24)%, AT L—RAul RAEILLD
HEOERER R Y ORENITLORT NS,

Schwartz Zit, 2V - BEESFE2AVWTABORETELZFAH IS LIk - T,
HgBa,Cu,0,,; (Hg-1201 ) ORI — A7 —72EML, SAZRELEL T, =95 K
/AT, Ag VAL ORIGIE, AgBg & (T tbs) BRREIEBERTS
T TREREBEIIRARLAR W, ELTWEY, BEEAOERMYERCERERICET
BRBIIAC . SROHRNREEN B, Peacock Bid. AEBROME (Hg,, Ba,Cu,0,)
DERRIGEOBABFREANVWTRIY — A« Fa—THETR—ZARHZENL, &
DIELBANELRITHZ LICL>T Hg-1201 HOBHEIBA 90% LlEEBZ k%25
L7z(18). Lo L, &&FoEmid<,. BEERAERI Yo Choid, BREEOD
HEEBRET 2D LR HABLETHD,



Meng i3, €B Ni 7— 7 LICH#BIEAD Cr X 7 7 BLBAETEZHHLL
Ag v 77 BEFRLEBIE Re 28AFETIA—V—RBEATL—HELT L ALE
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pm) ZEMLEA9). OB, KBRE*IRTIZLLL-THEFOKRBOARKREY
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f¢ 2.5x10°A/MM2 EEINZDEVIAEATLEQ9), 612, Hg-1223 82 Hg-1212 #
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WBEIT> TERLE Hg-1212 BEERMEE ¥, ZTORICHEBAKBLLEEZITOZ EIC
Y oT, Bg-1223 I (~10um) @ J. % 7x10® A/m? $CRALE#E T3 (Fig.5.2-1 )
(20), “OfHIX, REE T Bi-2223 KU CHOLNA TV IRHED J VANV ERBTHY,
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AR H D, BiF. BHEIE, MgO, ~"AFaAC, Cr 2—F Ni D3-DERS
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Fig. 5.2-1 The current-voltage characteristics of Hg-1223 tapes after

the second press/heat-treatment.
"Ref. 5" means the present Ref. 19. The low Jc of Sample D

is a result of cracks.
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7.1 -4

SH—-EHHECBL TR, X2 RT7T— 7B M (Bi-2223 XU Bi-2212)% H.Lic L
THxOHELEDLN, FI3ETLEFSRLATVS,

MDIIBEAEOEABLELBRHOEHOEBIZISDVWTRRBL, TAV DR —
R—av X F3—HOoIXA—TiE, B—ZEITL D Bi-2223/Ag 27 —iEBNT
TR BT 2 [ 0T EERFHLREL., BEXEOKRRBLEROEBRYH L, &
L, BBifE i e=d/2R (d BT —7HE, R IZ8iT¥E) TEBL T3, TORR.
BHAFRURLBENEOEBBN/IEIVIEY, SLEREARERZOEESE D
EE I OBEFEENNDEIRDHELTVA(Q), Fig.7.1-1 KBGREOKERL 28%D
BEIZ2NT I OBTFEKESEEZ T, MERERTESEMTI L L bICHRBS R,

TENNIOBETIR, NREHLLHEDLIT—FHRACHITETER LEERE ; ¢
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Fig.7.1-1 Performance of 28% fill factor Bi-2223 conductors with different numbers of
filaments after forward and reverse bending.

The dashed line shows the prediction of the model.
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YHBRBCEEBREH RIS L THER SIS L ERL T, Ag-0.3%Sh &I
T4 F A MEBC, £ Ag-0.5%Mn &R T4 FA L FROERERBSICEREN
TWa, 2o TF—7RTFRbIERED I, 277, SohRBERS Fig.7.1-2
wRT, MEFAVET—FIZBWTIE, ~5kg/mm? DA T 1o DELIEEE S D
LT, 4&2AVEF—7B 0Tk, 18~20kg/mm? BT [; 0% BR LR, I
DOWIEHBENBRIIALELTVE08b1S, ¥, §& V=AM ETRAVWET— 7L,
BIFEITH L TH I OSBRI ENE LTS,

Bi-2212 [T 2W T HHMEH O S EILOPDRERIBF LN TE Y, Twente XD I —TFpk,
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Fig.7.1-2 Critical current vs. tensile stress curves of silver alloy sheathed
Bi-2223 tapes.
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Fig.7.1-3 (a) critical current density vs. tensile stress and (b) critical current density

vs. tensile strain curves at 42K and 10T for Bi-2212 multilayer tapes.
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Fig.7.1-4 Normalized critical current or normalized width of magnetization loop as
a function of bending strain for Bi-2212 and Bi-2223 tapes prepared by

a powder-in-tube method
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BLYBEEHESBRIAAYTIRA LER > TV BENGEBEENZRBE
WOBERE®E, TAL LB, BREHZAVESE L RIEHE CREEORE~Y &
ADRbY BB RE AR ER* AT LV AR BEN SR TTA D L NTE
BEVOERTEOREVRHFMELRDPET A, LML, HobFARICHE XA
<. HEOBOBREY, LRI M BERA IR ERBESECRRET CORRE
MEE Jo BABMICHMOTEILBHNY, BEEREETONAIRES LBENRLL
BB ERRok, ChidBEEEBRERAE VI LR LA RBLEOHENKE
WZ bk, BtOBRENEAPERTOMERLBRM ST B A2 —F (ak—L L X
BEM~1nm L 8<, BBBAEAN~100nm LB E VD) « = A/E RBEIZ K
REEBEEECHDIL VI L, SHIEBENEAD Cu0, BrERLE 75K
REFE (BFROMH2ARTME) RECERTIZZIETCHA I LREICR~<L, =
OHBIMESTIROERREIB. AIAEHNI S AMOME, BRE7Z 280
LREREAE~ORKBME, MERD2REND 3RTA~DI I RL—A—Ba, O
BEZRBIFEDIZELRY, THARINTCTEBVHEZBHEL TS NDZ2DOTIRLA
B, STILARLEZZAD L EDABNEILKDeBork IR, bBLAAM
KUY ARECERT AN R+ IRERERABREEREONDOTIHED 5K,
ENTRAFAOBOEERE (FTRbLEBRBEEER) BRAATERY, 20O
LHRBRCO I, OMEERLED, EPRCVIEDAOBAREL B LNERHTE
. BROEBFREREEKICBV T, BTFRME., T Aur—v 3y, HTHHEHM
EYEHEELTHAVORTEE, BRARE Y OEEG CEERECHE BEKE
OHEERZLECIEDFLEBATIFERSH DM, BLUBERETENTIHY
ROBBMBRINCHED, CORCRECKTIREBH TS L TRERNELZMA
THEERDD, AHTHID LEBREHBERE~OBMTFROBHBHEIZI>VT,
BRAMEBHOCLEDLVWIBELORARE, ITRLHORBEREC L EDOH
RICPO LI REBEZRZIT oW THBIZRRLE S,

WRICHTIRFROBNDRZ W], ATRFECERMSFER Y 2L
CEOBERE B BRRE T CLrORAREBY 200 L o nBANLH S
DOERBACHFENRITLALTVWS, E0E&R. YOXIRPWECLOL ) RETFREY
¥ L. FOLIRKBARYOBEARSNENE VI L RETERMICONE-T
Wh, TOZEiE, TBERIVARSNOIXKBORERE-ZVLTEY, oK
MOLRBEYBRNECL > THETES) ZLABRLTVE, BENE~OR TR
BN, BRELABROCLVEDPLORALY, KMOBE, BEHLR/5 A
—FELT (H2BE) 2 b= LEREBECITIZELEE®RL, RMBAERYHE
LERECOREROL A EDIZOWTHAETIERFELZTINS,
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I CHALERBEOBAILSDWTOESDHEEIT LS, BXEBRHFOAF A
— RV VIS TOFELEHLZ2ALGDE TREORBLMELLZBREZT 2T
5, BE. KBESEOL L LEDILBFELLAVES. BEREBENI=ZABTEM
Do rtRB<HONTVS, AR INAN—F TCHALVE—LATCESFBRTFORMBEEA
LBEROPVIEDEIELL LD, BRARZABRTAHEITESBTFORBEIZY
viEwEaNTEQ), SHEMBEZHP L TRAEFORERMLIVEL T HLRMBICYE
VEBDENBRVERoTERBERE CVED SR AEFBFROBEBETOMICAVAALLE
HELBFFHL I LD,

COBIKAESVVEBFRLAOHBDAICEE TS ND0ER, BRHICLZXBOHA
B~ FCRICEESAEATIZ LIRS, EETEAHAELVEBGHEICEOK
BMEELBREEMZDZIOENL, TEETLHLMPBEBI o TWVWIOPLLLERIRED,
ZITHBEIEBRRLYOFERO IS Ao mRENC (FEREBER IOV IR
B CHRHLDPLDFEEZFRTRVELET) BRHEZTV., BHEMLOELELETD
FHEE LD, FOELOE RO 2HEUEOBRBRLAND LIRS, 2k Bi REBERNEE
CHETABERBRCSDVTREXSZLLZBRABFLVOTEEL L THEWEEN(),

7.2.1 BRIZEIDIRMBERDO T E A

TR BHIZE>TEYOL ) RRGEBRBPIEAEIADILEHEICATEI 23),
BRHIZCLI-ATARBEFRIZI2oOO0BREBELTEORZAF %K), TOENT
NOBRIEBOTRBAEREND, OLORARBFLI—F v FORTFE OBE
BEET, CRREBMENTRIAX—0OA AL oRET AL OBEIXEHTHS,
:UJ%‘%%ﬁﬁg@&CJ:oT%ﬁéﬂjéﬂﬁ [—¥%# &t LF F(primary knockon atom))
BDEIFAYORFEHEHIT L CRIBAEMRBE SIS LD, ZTO—KRBEHLRF
DESTEAX—PEBELARS, Fig.7.2-1 @& ¥ —F v ML T2 RRTERA
LEBEo—RBEHLEFORRAX-HHETFT(2,4), X 0.8MeV OEFH
BETHEHENEZRTOBEIL 20eV BEOZRAXF—LAF-TRY, ZOHE
HEEPORFORBRAX—LEARETHIOT, BooRKFEzEHEN1~2
EEMEHT B TEAEFTTCHE, ZORE, RERIBRXBOL I ZARL2LOD
LRy, BOBMECEFEMSBLrAVTLRROBRIHELY., —F, dHEFREE
TolrBEo—REXTHLEFOR DT FIAX —E~1MeV BETHHI DAV OK
FREELHIZEIBHEIHNT LN TEE, ZOBAERRIIZTI—FRIZZ2Y, BF
ERETCORERTETHD, (A VENTHLED220FHOFIANX—-RHTH
B LrbBMEHENSIFFR~HEEETI IR —RILRD., ZITREF—F
PDETCHLIFBRIYBCEEOCBS L ERBIZERETH S,

—FH., AHBFOIFEANX BB 22T BLF—T v L @&ﬁﬁﬁ%ﬁzﬁfd\é
o T BEOEHEIZLIDTEXALF—HEIBIL TS, Do THI—02D
TRAX—HEBERTHI2BFHECLDbONTEMNIILD, Fig.7.2-2 12 Bi2212
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D= hIBEAA LV EBAELEHEOBEHRIILIBRA L L O XAV E—1
AEBIFHBELDTRLX - RA0BFE2ERAFNARLERSE), BBIIBRHE L
MRAA L OZFZAEX—%, BBEILEOTRINX 3 FoLBRAL VB —F ok
PELymEUDRIIIOBREOIRINVF -2 HBRLEBFRHIEEN TN TR I NER
bLTWD, il 100MeV OBRA A L 2BHNLEBELEZD L, A 0BF2—
oy MV AR LEBRE, T2V ¥— o 2REtArEFBREC I bOTHD 2
Bohrd, A3l pmELeGBrE MeVOx XA X —2BFPHRBIZE-TE-TH
e ZMFigT22 CRLAEBEBFRICLIOIIRAF - RIRBEEELBEA T AL D
TRANE—BAELRERNVWER IV WIEBDNE, A F2RF—4y FAT
LESTRIICES OBEREBI L, XMBEER T, ZOBESRRBOSHIX, 1
FTrOREBEMAEFCR-THEET D, " REBEFRECLZTRALX— 0 A I KM
ERIZEFELA2AVEZILN TV, LBELASLELBENEIIBW TR, 8
FREIZE 33 A F—E%K-(dE/dx), 2 20keVInm # B2 2 ¢ RE P It EEHAHK nm
OHEREEZ LAETEANT7 7 AROXREHERINETFTERRBECHA T LN TE
He LOLIZOHEUTOEHTCIRAZRRORMBIBER I ZVWERE SN TV (86),
ZORBERF—F o FRAF L -TEDLY B0 T(MERN L LOTIRELHL
ECOLO>OBERICBERZVYE, BRAZOFBEEMETOE 100MeV L LD 1

~ T T H L 1 _
= Torget = Cu
2 0.8 MeV electron
~ | i
e
o
=)
-
@ | 14 MeV neutron m
E .
&
2
< F 3 MeV electron fission neutron 7
. | Mev 'H 81
o {00OMev "'Br
E .
E | i
=
Qv
£
f—

I ! | . 1
10 102 10° 10 10° 10¢ 10'

Primary knockon energy (eV)

Fig.7.2-1 Energy spectrum of primary knockon atoms for Cu target irradiated by
Various particles.(from Ref.4 fig.8.2)
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Nuclear energy loss (MeV/pm)
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Fig.7.2-2 Energy dissipation by electronic and nuclear collisions for
a Bi,Sr,CaCu,0,(Bi-2212) crystal irradiated by 120MeV O’ ions;
y axis for energy dissipation by nuclear (right) and electronic (left)
processes, x axis for energy of incident oxygen ions.

{ from Ref.4 fig.8.1 calculated using Ref.5 )

X2 b oEHAAVBEOBRETHD, LEBs THARROKBERBFIZEATDS
EDITRETFRPFET, BA AL LV o EBATHED THI RN X —DEA F
BERAMLEL RS, LEFEFHERRMBERIIFESLEAVWEZ XA TS EANERL
., BIEORINGOBRICLDE 20keVinm WS HMBEUTCHLR/RRED c B HF RO
FRENREL (OO FRBROLNL, ETHERARERKMER - EEZIZVLOD
BRROBSHUARELZBIEEILTVARLEWVWIZLTHD(8)

7.2.2 BEAZBHE

BEWC., BLYOBRRECRA AV BEZToEARBMALLY. THETIRES
FUrOQINRL2?BRBREBE I OHBL Vo BERREINTWE, L2ALIOL
RN CRAMBOLBYVAERINAXKBIELEVXKERLOTHRRY, EriEDOx
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Fig.7.2-3 Maghetic moment vs. applied magnetic field at 5 K for YBa,Cu,0,,
Samples irradiated by 3.5-GeV xenon ions at 300 K for different
fluences. (from Ref.11 fig.5)

AN — R ELTELD E~V'HYSr e R BBZ IS EHAOERICKAT
5. BICHBEEROBLCEBERER B RBOLORENKE VO TEFRED
LIBRNERVOEIBERTADPEVED L EDRELTRERLREYL, BEA 4
BAOCHESCHEROBRICODLERL 1 RN XMERICEAL, BES RS
B TES W) ABERENE, BIKBAAZCBHOBELZ LTS DIT
Bourgalt & D /N —7 T, YBCO @3V 7 BEHT 3.5GeV @ Xe A A & B L TH
REBREEOCELVEREBRLNEZIL, ER ORI TEIRBBHEN 2L LT
WHZ L EHELTWVS (Fig.7.2-3) (11). Civale 5 IBM T.J. Watoson & Thompson
© Oak Ridge National Lab. O FEHRF— 23k L 5 icEZ -, ERETFIX
EERAEIZTHE mBEDC IRTOBOL I BEREZLTVWEOENLL, TOL IR
BROXBEVAONEREBRFEITORBMOPIREL TCHEETETCE L EDAL
LTHBCBSOTRAEAVWS, EIATERERZOIEXF YV T HE~BIEIALY
—EHA A CBEEPTILAERORBEBSER IR I LI E< hbHENTWS, B
LHBEHEE LY+ )V THREBREPLANE LR FRMED I HIRLOTHE (B
EXF ¥ V7 RF—FLARVEBYPHEISREOKREETT) , RLHEEBFIAE—DEAS
FrERBRETIHEIRBFCABEROXRBEZBATEITECEDHALBRI R0 TR
Wh, | %2 TYBCO QHAES 580MeV @ Sn A AL A BH LTREFICESR
LEF 5om ORMROFYA—V S o2 2MAL ( Fig.7.24) . ZORMEBICBER
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N

‘rejection @

Fig.7.2-4 Electron micrographs of the same area of an irradiated crystal imaged in
multiple-beam conditions at two tilts after thinning.
Upper: exact alignment with the c axis (001 pole), and showing the ion
tracks end-on. Lower: tilted 27° in a (200) directin. The bar in the inset
diffraction pattern shows the irradia;ion direction. The tracks are seen
to consist of discontinuous columns of highly damaged or amorphous
regions, each about 50 A in diameter and 100A apart.
{from Ref.12 fig.1)
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FOECLEDEERDTHY, BB L F5 v 7 I ET LT EDTHE I &
AL ( Fig.7.2-5) (12), Bi FO LI 2R THOHMVHEICE VW TIE, BA 4
CEHE J, ORBIINMA T, RAFHERA L EDAOHME & 42 HT ¥ECL
HF~vZ PL ELVHEXARONDERKZ I EBbhot( Fig.7.2-6) (i 7.2-1).
ELEB L Iy sobmAR Joo¥MiclBERRVWILERLE ( Fig.7.2-7) .

ZHE Bl RAERIC 2RISR L2 RBL TV S(13),

(FE7.2-1) BILYBEEECHEBAUT CORELER O OBER T L 130
HITARBPIEZ > THRAEREER Yol o T LES ERMEET
. THFEMBLIE, TOBRBREENEnL /v FoltibitsHER
BRTHY, FAZOFEFEVHLIELS TEINBIERAEZEXALBOBELE A

Do

400 +

M (emu/cm3)

-400

Field (Tesla)

Fig.7.2-5 Hysteresis loops taken at 30 K for a crystal irradiatd at 30° off the ¢ axis.
The hysteresis loops are shown with the applied field aligned +30° with
respect to the ¢ axis. Inset: The relationship between the radiation and

field directions.(from Ref.12 fig.3)
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Fig.7.2-6 The irreversibility field B* vs. T for the Bi,Sr,CaCu,0, single crystals
before and after irradiation with heavy ions to the fluences
shown. Results from ac studies (open symbols) and dc magnetization
measurements (filled symbols) are shown; data from neutron damage

investigation are included for comparison (crosses). (from Ref.13 fig.2)

H H

L \e c/‘ i

2 i

G | p
~f
St

= Qr .

_2 -1

L L [ 1 )

Field (kG)

Fig.7.2-7 Magnetization M at 20 K vs applied field H, for crystal No.4 before
irradiation (solid line near M=0) and irradiated with a 10 T ion dose
at angle 30° from the c-axis (full loops). For the irradiated cases, the
field was applied at 30° from the c-axis, either parallel to the
damage tracks (@) or symmetrically opposite the c-axis at an angle
of 6(_)“ from the tracks (% ). There was little angularly selective
pinning for the parallel case.(from Ref.13 fig.3)
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—RIZANORVWEBHOREERREK TRBRERAB T 7Y 3 Y 7B FEEA CRAR
BICBEFLETD, LALRBLI v F ARV EDPLAFEETIBRENLOL LB
CFHEORIZHE, BETCII LARBEMEBEFE2FETRMAXERING, oY
RBRAECLCYTFREERLIBVREUTVWEI LD TBREZS52) LEiThs, BRI
BRIBERETCHABRLRI - I v 78RAZHON, BEXATRLZLBRMEIFEL LS
KEEMBFEZHEEARZVWVIRECREAERBEZY, £A— S vy 7EAX Yo oBEOBE
MARMIZ/2 D, Fisher LIEFRAFr—Y L 7HREPBELT, ZOHE— 75 REEM2
ROWBEBTHHILE2TRLIE(14), ThiITLD L/ T AEBRE T, %8 LTERK
—BEFMERT>T, TRA—-I v 7 THIDOKI LT, T<T, Cit E(J)x<exp(-(J /) *)
EWVIBTRDLEN, 22o0HRICATI—L &3 (Fig.2.3.3-1, Fig.2.3.3-2) (15).
Z D% Nelson & Vinokur 25, AHERAMBIZErEHENARER T (RBEEE
FOVEVHES) BERBOMEN, 2K —XNMIZORECHELRARNTHLS
TEEFRL, TOHRLBEOMEERRIF LVWESKHE (Bose Glass) # T+ 0R%
HWFEE2fTok® ( Fig.7.2-8) (16). ZOHLVWHEER RO TIchMCEA A VB
HBHRELKITL 27, Bose Glass OEBRM AR BRI L Tix# 2iF¥ Krusin-
Elbaum & @RI HBH 5(17).

.

i

)/> ' L‘.
- / /

Flux Liquid Bose Glass : Mot Insulator

il o
v

(a) (b) {c)

Fig.7.2-8 Schematic of flux lines attracted by columnayr pins in the flux liquid, Bose

glass, and Mott insulator phases.(from Ref.16 fig.1)

Boge Glass id, 2¥OARROXKEHREFTICFEFELTWT, FZX b7 v 7ENTE
BEOEBEER - bDTHok, Hwa bIEHAERRBEA T L —RICEBLEHE
i, RMERRETAIMETHREROEH(entangle) RV, FORERERKHEIC
WHMS LORBEBEE > THENE LY, BN HKE KN Bose glass DR S L v i
#H I Sprayed Glass WHE T2 2 FF L (Fig.7.2-99(18), 1 %2} T Krusin-
Elbaum & i3 0.8GeV D70 % B-i2212 0 F —FHICEH 1T - 7 (19). ZHil Bi
7 b ERBEEREE T 80MeV D Xe & 100MeVO Kric SR a4, Thbol
BEFRAERREER T L—RIZEIHT EWI WO THok, FiZ 1GeV D& A 2
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(a) ®)

Fig.7.2-9 (a)Illustration of ground state configurations. Flux lines are localized
on tilted pins on the right (a "direct” process), with an "exchange”
process on the left. A double kink excitation between pins A and B
is also shown.

(b)Entangled ground state resulting from exchange of many flux

lines.(from Ref.18 fig.1 & 2)

Fig.7.2-10 Cross-sectional TEM image of YBCO irradiated with 1.08 GeV Au taken
from a region at ~9u m from the entry surface of a ~19u m thick
crystal. This crystal was rocked around an axis Lc(upper left sketch) by
an angle ®=110° . The viewing direction is nearly along the axis of

+10° rotation (i.e. ~along[010]).(from Ref.20 fig.1)
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Y YBCODHEBGRIIEH LT, OcBIZFETRAERAME, Qci#icdLTEONH
B %21} 7 planar splay, @REEINIZ 5um OT A IDFRANLEBEF LG A A5
HBEWALLTHESHZF-H - Gaussian splay, D 3RE O L EHITDOWT
WL TV 5(20), Fig.7.2-10 i planar splay @ TEM EK % =7, planar splay Tii
@=+5°" OAEESTELOR I BBRRERD, TLZOBEITIE c BIZETAS
&b JoBMmMET S ( Fig.7.2-11) , Gaussian splay CiZE DO D= DIT LA
DREEPZH>THROEBEZFLTLEILERLTWVWS, BB s X
BEORRIZETHENIL Zhu SOWITITHE L W12,

102

10% A/cm?)

~ 10"%

N S
10-4 i ] L‘e(;’g';-a ) . ! 'I: H.“ ¢
0 20 40 60 80
T(K)

Fig.7.2-11 Persistent current density J(T) for YBCO crystals with three splay
configurations of columnar pins, each with By,= 3 T: planar splay
(solid dots) with ®=%5° | parallel tracks (open circles), and
a Gaussian distribution (solid triangls) with the full width at half
maximum of +4.47° . The best result is for the *=5° planar splay
{also lower inset). ‘
J(T) for the same crystal before irradiation (encircled stars) is also
shown. H,,, (T) is shifted to higher temperatures after irradiation
(upper inset). J(T) for the Gaussian splay is smaller than for the //
pins above ~16K(the arrow).(from Ref.20 fig.2)
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7.2.3 7w b BH

Civale 51X YBCO OERERKIZ3MeVOFa b 2BHRH LTI T v I A FIZD
WTRA~E02), BREMEEIHMRTAIN, FHFHKIITLALEHLZ2NVWEND
BERAYHBE ( Fig.7.2-12) ,

& 5i: QMG #(Quenched and Melt Growth method) TEM L7 8 # YBCO T
30MeV 0 7o b E#RALTEVEDBEOELEZR~(22), QMG ETHEMLLE
RECHERN L ymBEOEGEO Y211 ERS Y LAIKSBLTRY TOLYITL
EriEORECERAERBENERRLREC 22T S, REHIE 30mol%® Y-211
EARSENTEY, FRAKHLTBHIZLIVEZ lom OXKKEY 20ppm XX 5 ¥
AIZHALE, BALERMOBENSE BB BRVETATLEREREE % LB
T3¢, BRHICIVBEZ2TOBERECBVWTLIZFAZOEB T J.ABRLTHD

( Fig.7.2-13) . AXALRKBOXKE SIBIELHAETCRE L EDREHIH2WVWIRTT
HENR, TEIE— L ABREOXBIAERSIRELDYRIL L EDELER
TWHLEORRTHD,

L] ¥

T=5 K

ios | (@) )
L H [l e—oxis
- 4
qE 5=107 | . e
1% - -
S
QFr -
£
Q L <
S
= -Sx10% F E
—i=x104 |

T=77K
H Il c~axis

(b)

100

+ 3 1
Oose (10"3em™T)

M (emu/cm?)

—-100 |- .
H il c—oxis

o ~ 10

—4x10% 0 4x;o‘
H (Oe)
Fig.7.2-12 Magnetization M(H) vs. maguetic field of Y-Ba-Cu-O crystal No.3 for
different doses of 3-MeV proton irradiation, at (a)T=5 K and
(b) T=77 K. Inset: Dose dependence of the critical current at 77 K and
1 T. The doses are given in unit of 10! protons/cm®.(from Ref.12 fig.1)
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Fig.7.2-13 (a)Field dependence of J; for the unirradiated sample at different
temperatures. Measured temperatures are 5, 10, 15, 20, 30, 40, 50, 60,
70, 77, and 80 K, respectively.
(b)Field dependence of J for the proton-irradiated sample at different
temperatures. Measured temperatures are the same with (a).
(c)Comparison of J; between unirradiated and proton-irradiated sample.
A significant enhancement of J; arcund 1 T is seen for all measured

temperatures.{from Ref.22 fig.1)
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7.2.4 BFRBH

BLOBEHETCE., FoFLREVEDPLEFETILEROSFRA-—HED
HEBYEZT I LRAMEZRRE, IR XRBORVEDTI U~V RRABTIIZ
OHEEBR1IKRIIRS, Oy Ialb—yaryilioTHRHIZFEESATWH
T(23), TEBMNIZLABEZR VAL YBCO OBEELETHRMD AT 5(24,25), =
SBIZBIiRIEBWTHLRAFBEOFRERRBCG L LTEBEIA TV S (Fig.7.2-14) (26).
Khaykovich Hik, ZORFBILOBKRUTRPLPENDS 1 REBIZOWVWT, 2.56MeV OF
FHREH 1T\ point disorder DEBIZ SV TRHRRECN. TORBR1IKREBDO T A
VHBIRBRTCLRANSYN, BETCO2KER (2D-3D 7o xF—~—) BT
ARARKMTESERTHZ L EEHLTHD ( Fig.7.2-15, Fig.7.2-16) ,

(a)
-5.61
FC
—_
o ZFC
s
- - 60
> 6.0 750
—
| S—
s
< 6.4 |
4 ._‘.‘—I-_,.':/:,.C!D | ZF.(;*"
= o)
-6.8 {z° 62 64 66 68 70
v 1 N 1 v ] ] v T v

62 63 64 65 66 67
T [K]

Fig.7.2-14 Expanded view of ZFC and FC flux expulsions in a region of
temperatures close to the irreversibility line, for an applied
field of 223 Oe. The lines corresponds to linear fitting of the data.
Inset (a) shows the ZFC and FC magnetizations up to T.
Inset (b) shows the diffence between the data and the linear fit of
the equilibrium magntization close above T;.

T,(H) is a first order transition temperature. (from Ref. 26 fig.4)
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Fig.7.2-15 Mapping of the first-order transition lines B,(T) (empty symbols)

together with the second-order transition B.(T) (filled symbols)
for BSCCO crystals for different doses of 2.5 MeV electron
irradiation. (from Ref. 27 fig.3)
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Fig.7.2-16 Schematic phase diagram of BSCCO in the mixed state. Solid lines show

the phase transitions of the vortex-lattice. The critical point T,, is where

the first-order transition line splits into two possibly second order

transitions.
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RIERERTHLPT, BECTRERBAXPERBRCTO I, 2L, #EMHBCIEEES
REER Y, Fh, "AIMCRBIRENBBELR Y OEERERERLOMNSITA
HEeBEbhi3,

Table 8.1-1 Subjects and working groups for standardization in IEC/TC90

WG1: Terms and definitions

WG2: Critical current measurement method of Cu/Nb-Ti composite superconductors
WG3: Critical current measurement method of oxide superconductors

WG4: Test method for residual resistivity ratio of Cu/Nb-Ti composite superconductors
WG5S: Room temperature tensile test of Cu/Nb-Ti composite superconductors

WG6: Matrix composition ratio of Cu/Nb-Tt composite superconductors

WG7: Critical current measurement method of Nb,Sn composite superconductors

WG8: Electronic characteristic measurements

82 BiESFIV—AERBHMOBREBRAEEOE R
FHTHR, BILDRBMOERBED > LEBLHEORLEA TS [ HIEEE LD
HiIF, TFOMRLEHELOBRBRIZOVWTRRELLBRET S,

8.21 BMIEFBICHRITHREA

S RABEEHIE TiX Cu/Nb-Ti % Nb,Sn B2 2\ T I RIESEFITIZIEREST
LTy, RELEOT oz ARETFTHE(9). WTFHLOBE L 10cm~2m @B
BRUOBEaAAVREBVWTRERS L LTWE, —HFBRIEHDERSOHS. BRARLIC
HEMHUTHYRRTH—LHEOBEBIKC VI ERPERMIB a1 ARIZLIEL
WIEhS, BELZHE-oTHYEE con REOERRPBCOREERIIREECL S %
By, SREETOAERIKEEZ S DI VWDLRITNEBELFETHY . &BR%%*
B, BRELOBHOX ¥ F 77 V¥ -3 v RV ELN BIRETHD,

BRIEHDFREARBRMO [ BITE2EBLT 2B ESICBBE L R0 KMLT, BLYR
CHELEE (BEONTE. [VENLSE) REEIREVWI L0 3MERLY (8
FEREBZETLRLHVEELRS) . REO~=vr roftlh, BECERY — FOEDY
FrERGH, MEEFES*ERRRDDILERD S, UTRRW SHOMBELRED
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N RU S AEFT, SHAMBRICACLIEE, BERCNDLIERERNOEERIC
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250 Bi-2223 7 —FI oW THE, ILHE, MBE1LHA 2V ETRET A 2 AR
BT, BREARKEVIEY, £, BEHERENSWVEY, E, BEERIV LE
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Fig.8.2-1 Effect of thermal cycle on critical current for Bi-2223 mono/multifilamentary

tapes with different silver ratios(10).
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Fig.8.2-2 Effect of thermal cycle on critical current for VAMAS Japanese round
robin samples. Sample A and B are Bi-2223 multifilamentary tapes

and sample C is a Bi-2212 multifilamentary wire(11).
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(Fig.8.2-2) .
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VAEvS5 (Fig823) . I BEDHESERYERICEBLTVEABPSLERD A,
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Fig.8.2-3 Thermal contractions of a Bi-2223 single crystal and Ag-sheathed tapes.
Lines no.1 and no.2 are for virgin and subsequent cool downs, respectively.
Thermal contractions of Cu, Ag and other materials are shown for .

comparison (13).
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Fig.8.2-4 Critical current of a Bi-2223 monofilamentary tape for BLc and
temperatures between 4.2K and 77K. Full and open symbols are

for increasing and decreasing fields, respectively(14).
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Fig.8.2-5 Field-angle dependence of critical current at 4.2K for a Bi-2212

monofilamentary tape(16).
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Fig.8.2-6 Normalized critical current vs. laboratory (VAMAS US I, round robin test,
parallel route)(17). Critical currents are measured at 77K

and zero field for two Bi-2223 tapes.
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Fig.8.2-7 Illustration of a mounted and instrumented sample used for the

VAMAS Japanese I; round robin test(11).
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Fig.8.2-8 Normalized critical current vs. laboratory (VAMAS Japanese I round

robin test, parallel route)(11). Measurements are done in the sequence

1 (NRIM), 2 (participants) and 3 (NRIM).
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Fig.8.2-9 Normalized critical current vs. laboratory (Chinese I. round robin test,
series route) (19). Critical currents are measured at 77K

and zero field for three Bi-2223 tapes.
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Table 8.2-1 Summary of VAMAS guideline for dc critical current test method of
Ag-sheathed B-2212 and -2223 oxide superconductors.

(1) test method: 4-probe resistive method

(2) scope: Bi-2212, Bi-2223 oxide composites
round, tape or rectangular cross section
critical current, I : less than 1kA
external field: parallel or perpendicular to tape surface in case for tape
shaped composite
sample is immersed in liquid He or liquid N,

(3) criterion : 1uV/cm and 5uV/cm (or resistivity criteria)

n-value(optional): mean value for 1~5pV/cm
(4) target accuracy: £5%

(b) sample preparation
<heat treatment>: obey to manufacturer’s specification
sample lengthy: L;=2L,+2L,¥L, = 5W
Ly Ly Ly =W
where L,, L,, L, and L, are sample length, length of soldered part,
distance between voltage taps and distance from a contact to a voltage

tap, respectively and W is sample width (or diameter)
«sample holder

an insulating layer (fiberglass epoxy plate is recommended)
«sample reinforcement>: bond to the holder with low temperature adhesive
<sample mounting»

case for parallel field and perpendicular field measurements, respectively.
recommended solder: In, In alloy and Pb-(60-70)%S5n
voltage leads: twist before soldering to reduce extra voltages

(6) I, measurement

«cooling> . cool slowly in time period more than 5 min.
«measurement> .. Lorentz force toward the surface of holder

material: insulating material or conductive material that is either covered with

angle between tape surface and external field within= 3 and 90+ 7 degree in
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Fig.9.1-1Thermal conductivity coefficient in the ab plane for single crystals
of (a) Y-123(10) and (b) Bi-2212(11).
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Fig.9.1-2 Comparison of thermal conductivity integral for a melt processed

Y-123 rod and a powder sintering Bi-2223 tube.

— 144 —



HBH, TTK OBRETCEIMLEHRIT LN TH 480W/m K £ L T 65Wm-K BETH 5 28,
Y-123 T3 20Wm-K K., & Bi-2212 T 4Wm-K BETH 5,
Fig9.1 2 TER I —F2 LTHWHATWS SR Bi-2223 /L7 L BERED Y-123

LI BT D ab EEMORGCEBERMEERT, Bi-2223 <S4 7 T 77K A b 4K %
TH IW/em THHZ D0, MICERRTRBLZ U500 THW AT U LRARF— L LB~
THED VSBRLMARW(12), BRBBGEBRIOLIICHERTIELBMEAESEL
FOZ b, BEMEZREK LTBREERZEIH I - LPEVEXICT 5 LM
BELRY WY —FTREXONRPoRFLVEBEHERY — FORMAFERETH
B lichk?d,

9.2 HIBEMREER) — FiTk T A28 LB — MO

Wesche & Fuchs(13)I3 ¥ EHY — F&L LT, BiIROBEEENED L2 L
| — AT —T L OBBEEBEIT o, A2 HiT Bi-2212 OBEERE & 82— X Bi-
22877 OUBTHE, I000A BEFEOBELELTEY, BAFLLT~Y Y
LA AGHAERY — FO—0dH7) 2WE /10D 0.2W X THLTHO OB 21T -
T3, TORKREY Table 9.2-11ZF T, A4 2 TRBLE 77K T 2060A/cm? DB RE
MEELZFL, MEHEN 2em?, £E236 10cm TRBAR 0 CWRBEIZAS, “hicst
LT, {R¥Y—A7—F TR 3BUDRL—2HE2HVTHE L E 77K T 17300A/em? O R

Table 9.2-1 Characteristic parameters of Cu, Bi-2212 and
Ag/ Bi1-2223 current leads.

Copper leads

Length (cm) 106
Jeu (Afecm?) 1000
QUT(W/A) 2
H (W/cm-K) 35
my, (8/s) 0.8

Bi,5r,CaCu,0, Ag/Bi,Sr,Ca,Cu,0,,
Length (cm) 9.6 122
Jop(AJC?) 515 ' 8650
j,at 76.4 k (Ajcm?) 2060 17300
fag (%) - 33
QT (W/kA} 0.2 0.2
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&2 10cm A28 LT 10000A/em? OB R BHREE CHEMA 0.1em®, R EH
100cm | —RT7—FLRDJIIEBBPLEMIINATWVD,
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%o 1kA OBEARD Bi-2212 Bt — FRANY DAY ARHAFRERY — FEHA S
TRBINATWVWS(14), BREEEBKY — FcBWTiE, TORBHOBEER 77K ©
ERZOH, ELREERSBEELLTEILIEELAET5008MMETCHS, £0
I Fig9.3-1 O L) R BBRBOBRELZREZERIZBLE TIK OERL TIHENE
W, TOBSRAYV-FOBRBPEEERAHT A LRV BHTHABHRNEL—
OWAXBI LIRS, INETICIOFEEAVWT—FMEREIC LD Y-123 A7 &
OEAET 7.5kA T COFERBIZRDILTVAASE), £, MERY — F% 60K O~
U LAOBREGEHZ L > THBHROCEELZ ELICTFT 20kA BRY — FORHEBRES
hTWwW3(16),

Cu lead
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™ Current

l_ "r l
it Cu
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- FRP
Cover
Gas He

Cu
NbTi Wire

Fig.9.3-1Schematic drawing of high temperature superconducting current

leads using liquid nitrogen(15).

— 146 —



9.3.2 KHBAHNBER~ Xy b~DBEH

HZEZPTCAWLA LI REBREERY — FB, a7 VBN~ %y FEBS
EATHIFEBRLLTHENCHAIR TR LTS, TRONDBEAFTEIIETSEIC
ERLTWORMERENEZEVE, 0.5W BETHD, COHERL*BERTE 2B8EH
xRy PRWEROHER) — FEXHAVWEEBRNRBRH TR LAY, Fhic LT,
BEECABHY — FEAVD L, D9 10em OEESTH-TH 0.1W ORBATH
2, EBRIT/AELGHEBERVT, 1992 F17i1 38mm OFIBRF 7 i 400A T 4T 2 R4E
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L7=Q17), ¥ROBGEE 5y FEBLEBLTIBEBETO2 2 MEKKRIILT
W, AvbnicmBBNERY — FiZsEdE Bi-2223 <S4 2 TH Y, Fig9.3-2 iZF
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i, RMEBCHERY - FICH L TRMESREOBRBN CE LI L2 EK%RT S,

INETIHEROHBEGE~ YRy MT Fig9.3-3 THRTH L 5% 10T 2823
B (L(18,19), 20cm OERF T FE L 5K HEL(20,21). 20K OFEEEL BEL
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Fig.9.3-2Powder sintering processed Bi-2223 current lead.
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Fig.9.3-3 11T cryocooled superconducting magnet using Bi-2223 current

leads.
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BT H 77.3K, 5T TH 500A BA[EETH D Z L BH» 5,

BIRETHERLE Bi-2223 AA 7 OREERIELLETD L. Y123 <4713 Bi-
2223 AT IO EEREWEEFS, LL, Y123 A7 0BFEREEL Bi-2223
PNAZ XY REVDT, Y128 BV - FOWEEIBERO—CETHLED,
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Fig.9.3-4Structure of a melt processed Y-123 current lead.
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Fig.9.3-5 Comparison of anisotropie critical current densities in fields at 77.3 K for
a melt processed Y-123 rod and a CVD processed Y-123 film.
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Y-123 | Y — FORIBH TIIH 4T OEBBEHMENRKIET 1000A T CORER
BICRDLTWVWS(26). c0EBEELBBOEK TIEBi-2223 8 Y — FZRAWHE 500A
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Fig.9.3-6 Overall view of a cryostat and a sample holder using melt processed
Y-123 current leads.
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Fig.9.3-7Cross section of a 50 kA Bi-2223 bus bar(29).
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Fig.10.2-1 Pseudo-binary phase diagram of Y-Ba-Cu-O along the tie line of Y-211
and Y-123. '
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Fig.10.2-2 Optical micrograph of Y-Ba-Cu-O grown from the Y-211 + L region.
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Fig.10.2-3 Transmission electron micrograiph of Y-Ba-Cu-Q fabricated by the
melt process with melt-quenched precursors.

Note that Y-211 particles with diameter less than 1um are despersed

in the Y-123 matrix.
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Fig.10.2-4 The relationship between the growth rate of Y-211 and the amount of |
Pt addition.
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Fig.10.2-5 The relationship between J. (77K, 1T, H//c axis) and V/d of Y-211

second phase particles.
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Fig.10.2-6 Optical micrograph of Y-123 bulk melt-processed with a Sm-123 geed

crystal.

10.2.4 # LA 136 123 RBEEE

Y-123 %D Y ¥4 b2 HMOFLEXRTREIBATH, 0K ROBEHERT I & A3
Mo Tws, LaL, A3 EEBOKEVNI Sm, Eu £ Tk, BERECAENTS L,
INLRERN Ba A F2BEHL, BREESKEETLTILED., &, BESE
FESLABBERKTING 123 BEMELERT 5L BREEN Y-123 L0 &N
TFEBEHERERTELZIENAALIERY EBEXHEDTNESB), X6, Fig.10.2-7
ARTEIKE, RRABRTHIEAFOBENHWE T HEXRMEIZI- FY v 2 2RSS
Y5, ZTOoaBEEIRERT L) REEREEN O /D ¥ — L LTEAL,
bwiHC-sHEREBEIND, ZTOBRIZELD, Figl10.2-8 IZFT L 5T Y-123 B
CHEELIYL, BEBRICBVWTERAERLELS, FAEMBOEN L 27HBRE2HED
TENHEL D, ANV BEREEORKFREBEBIE. CORTEBEBIZL o THEA S
N5, Nd RBEHEEZI 2y PAMBLLTERTWDLEZLZD,

Nd, Sm, Eu, Gd % b YR L AKOBERETAVWEERBEL L - THEAEM LAY
BEERTLHEILENFAETHL D,

— 160 —



Fig.10.2-7 Scanning tunneling microscopic image for Nd-123 melt proceased under low

oxygen partial pressure. White contrasted regions are the regions

in which Nd substitutes Ba site.

i
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Fig.10.2-8 Magnetic field dependence of J for melt-processed Y-123 and Nd-123 (at
Note that the secondary peak effect is observed in

77K and H//c axis).
Nd-123.
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magnetic flux lines

Fig.10.3-1 Schematic illustration of field trapping by pinned bulk superconductors.
Magnetic field is quantized in the superconductor.
Quantized flux is pinned by the pinning center, and trapped field is

increased by increasing the bulk size.
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' Fig.10.3-2 Field distribution trapped by Y-Ba-Cu-O 3.5cm in diameter at 77K.
Note that trapped field at the center of the sample exceeds 1T.
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Fig.10.3-3 Temperature dependence of trapped field. The trapped field reaches 3T
at 60K.
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Fig.11.1-1 Typical amplitudes of the main biomagnetic fields.
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Fig.11.2-1 Painting proceas for superconducting magnetic shielding vessel.

— 167 —



RAs R, REPAROABRO Y —A FEZERNTIORBELTWVD, &
oA Kl cEERMOREBEGESEE S LTEE 100 mm O ABRALLEBONTWD,
AAZETCHBREEOE X LHEICEAEL T, ¥ oT 258+ mT OHMBESR ¥+
SO—BEICERTIENAETHDL, LHL, KBEBO— AV FHEEENTIZLE
HETHD.

BEEEE TR, VAL FEOF A XBRBEFOREIILOLEKET LI LD, BRI
AVSESFROBREOH —EXRETENE, KBEO—A FEOERBFAETH S,
—# L LT, Fig.11.2-1 K<—X FBAEOTRNETT, FEAAM VL ABEEY
BEECEZ2AVCBEEEHEBEZRELT. ~—2 efEd, ZOR—X %, KP=
T NEDEROBEIL, A7 V—-CRIBIZLOVBHAL, BR%, HBRELI—AFE2E
I35,

75 X< EREL. BEREEENETA L 75 v C— B ERL, BFioK
EfHiF®, BRETALOTHS, SUS3I6L LiZ Y-123 ROBHELARBEL Y (8).
= v EiC Bi-2223 REMRBLAFANXBEINTHSEO), £, ATV AHPY=
TAER B, Y-123 F% Bi-2223 REE S HVOF (high-velocity- oxygen-fuel) #iZ
LSO LEEEDHD(10).

BHER, BENEORERY SBEELTE o RREREY V= F, R2 7T
J-RFELTHERESE, Y123 REKHLZRBEFRSELE, BET5L0THDH1A1),
B, 5 I v s R (ZrO,. ALO;) . A7 LA (SUS304) |, 78-83—~v A & Ei&
FBET, EHR0AVEXRMTEE o ORI OBGHAREBLI LA TE D,

11.3 BR > —V FEttEOFEMH
~ RO BB — N FHECRUEFEERICTT. BREBET CHREZERCLVAH

Search coil

Amplifter
]
1 Lig. Ny Filter
]
sC Amplilier
cylinder T
FFT
Computer
Helmholtz coll Ampers meter )
l —]
Amplifier 1 Signal gane.
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Fig.11.3-2 Relationship of magnetic shielding effect to distance from the open-end of

the magnetic shielding cylinder.
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Fig.11.4-1 Magnetic noise at 140 mm below the center of the open end in the

superconducting magnet shield.
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Fig.11.4-2 Shielding effect of high T, superconducting cylinders and high-permeability

cylinders.
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Fig.11.4-3 1/10 scaled model of double cylindrical superconductors with

ferromagnetic metals.
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Fig.11.4-4 Typical characteristics of the magnetic shielding at the center of the
innermost Bi-2223 cylinder at 77.4 K. Curves (a), (b) and (c) represent
the results for the single-Bi-2223 cylinder, the double-permalloy
Bi-2223 superimposed cylinder, and the hybrid Bi-2223 superimposed

cylinder, respectively.
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Fig.11.5-1 Large-size magnetic shielding cylinder with liquid nitrogen platecoil cooler.

330 mm in diameter and 660 mm in length.

Fig.11.5-2 Large-size magnetic shielding system equipped with FRP cryostat.
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DRLEST I0PEERCAY, HEELFE-BLTVS, ZOVATLAOGHITHEE
BRPOBASELBRERIZAZHAM E LTHWE, Fig1154 27T XL 52, 77K
ETORARMITISRMTHY, P35 kg DIREERELEL L TWD, 77 KICHER
DEERROMBRIL 500 g/br THB,
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Magnetic shielding effect
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Fig.11.5-3 Magnetic shielding effect vs. distance from the open end of the shielding
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Fig.11.5-4 Change of temperature in the surface of the shielding vessel and liguid

nitrogen consumption during cooling the cryostat shown in Figl1.5-2.
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Ferromagnetic arrangements to increase

attenuation

(Permalloy-PC)

I

(Permalloy-PC)

Ferromagnetic cylinder for low field cooling

_f

4

A

]

—_t“r__—_—'—.—

f

High-Tc superconducting cylinder

SQUID magnetometcr]
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—I_ﬁﬁ < _Lj
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thermal insulation
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>
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Ligiud nitrogen batg

u—u—rf

Amorphous ferromagnetic cylinder for

Fig.11.5-5 A cross-sectional schematic drawing of the structure of the superconducting

shielding enclosure for MEG measurement system.
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Fig.11.5-6 Shielding effect of the MEG model superconducting shield for a transverse

field.
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FORES L ERDEL Fig.11.5-5, Fig.11.5-6 iZ, TOEBOBEER%Y Fig.11.5-7 IR
.

Fig.11.5-7 Superconducting shielded MEG.
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_ Preamplifier {x50)
l_ SQUIO contraller 0.5 - 40 Hz band-pass filter

1
AF SQUID j

with 2nd-ordered Trigger

gradiometer Data recorder AJD converter

Sampling interval :

. . 300 usec
Superconducting magnetic . .
shielding system Sampling no.. 1024 Y
. Computer 2
Stimulus
pulse ' !
Pulse generator - Computer 1
Printer

Fig.11.6-1 Block diagram for measurement of the brain's magnetic field.
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Fig.11.6-2 Measurement points on the surface of the head and average magnetic

recording of the somatosensory evoked fields (SEFs).
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Fig.11.6-3 The MCG waveform from a rabbit in the Bi-2223 magnetic shielding vessel.
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Fig.11.6-4 Superconducting magnetic shielded rock magnetometer.
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11.7 RFigz~DEH
BRI FZECHAAFE:2BHAVURBHICCHTITRNEA TV DH(26)(27)(28),

Fig 11.7-1 KIRFBOREAR & 7 7(29), BRLX EMT2ECEMH L AEAIITEIPNE
a4 APLEERIN TS, EEREBE2AMAAOERIEIRELBERAAFGREIC
BHINIBEHERCLVFERLTVS, T0old, ArdrEafrof -5
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Noe, EaMNVERATIREIVBEEABNEOENRERCREILI VA FEE LY
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Fig.11.7-1 Schematic diagram of the superconducting fault current limiter.

Fig.11.7-2 A component of superconducting cylinder.
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Fig.11.8-1 Concept of magnetic shielding in MAGLEYV vehicle.
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>

o 10 mm
Position, x

Fig.11.8-2 Two-dimensional distribution of flux density over the sample surface.

A magnetic field of 88.1 mT was applied perpendicular to the Y-123

shielding plate.

Transmitted Magnetic Field (mT)

05720715710 =5 0 5 10 15 20 25
Position (mm) '

Fig.11.8-3 Magnetic flux density distribution.

O : single domain sample, A : polydomain sample.
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Fig.11.8-4 Three-dimensional distribution of flux density over the half sample

surface.
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