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Development of Cuprate Superconductor Films and Wires

for Game-changing Technology

— A 120 K-class Superconducting Wire Produced by Atomic Level Control —

Kaname MATSUMOTO™*!, Yutaka YOSHIDA ", Yoshihiko TAKANO™, Satoshi AWAJI™ and Masaki MITO"

Synopsis: High 7, cuprate superconducting films, such as REBa,Cu;0,., (RE=Y, Sm, Gd), REBa,Cu,03 (RE=Y, Yb),
(Hg, Re)Ba,CaCu,0g.,, (Hg, Re)Ba,Ca,Cu;0s.,, Bi,Sr,CaCu,05 and Bi,Sr,Ca,Cus301, have been studied based on “atomic level

control” including lattice strain control, carrier control, and nanostructure control, in order to simultaneously improve critical

temperature 7, irreversibility field B,,,, and critical current density J,. of the films. We successfully fabricated high-performance

cuprate superconducting films with higher 7, B,,., and J. on IBAD-MgO substrates.
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Table 1 Pressure effects on the 7, of cuprate superconductors® *

Super-
conductors Y123 Y124 (Bi, Pb)2223 Hgl223
T. (P=0) 93K 80 K 108 K 134K
a (nm) 0.382 nm 0.384 nm 0.545 nm 0.385 nm
b (nm) 0.388 nm 0.387 nm 0.546 nm
¢ (nm) 1.168 nm 2.724 nm 3.777 nm 1.576 nm
dT/dP, -2.0 K/GPa 3.5-5.0 K/GPa 6.2 K/GPa Unclear
dT/dPy 1.9 K/Gpa 0.3-0.4 K/GPa
dT/dP. -0.3 K/GPa 0+0.7 KGPa —18.5K/GPa | Unclear

KIRTS 50 115 20154

2.2 NIEVEBAIZED B, BLU AL

AW TIE RE123 #E~ALE 2 EHATHZ LT,
BN Ty By ZHMEFF LD, @ JLAERTLHZEBFEML
72 REI123 #EMRAT IV TiE, BaMO; (BMO:M= Zr, Sn,
Hf) /vy REEANIZTHIET Blle FIMOBSGT J,
i L ORBNEANITOA TS 3, BMO F/ v v Nt
RE123 HIZ3 W\ T H AL LFRICERE T %, Bllc K
WD J, B EO7DIZEEN e 7y ROBIRIL, ¢
AT CRUROR L RIZOEZEZFOBIRTH D, *
ToREGRE IS CTe i E R B S L ETh D, AFIET
I 77 K THAEME SNAALECBEZHLMNMNITLZ
L EIToT,

3. F - F )T HIE

ZZTIHEFLIVHIBED 5B, Fox AT o 7o Bl
MR X UM IEREIC B 1 5 RE123, REI24 @BI5EKD
E XX UTHIENC LD THEKHEIZOWTE iz,

3.1 RE124 B#ERODFE - v 1) 7HIE

YA L &ETe REI23 BALS Tl o S50 & b $il7 18 0%
TR LD OFHBNENE 72D, T E TENPE
LS T LBRE AL E VI HEIZ2R O, A
HTIHET, WTFNOFATHEDQENHROGEEFHFD
EWIFFS LD RE124 Hiffdh (RE=Y. Yb) Z3fEL. JE
TN LT T, BT DR ERR % Eh L 7=,

BT, BKEORKR LR LN, REHT 1.6
GPa ¥ GiEIRMIES), X HITIX 12 GPa F TEIRMWIEEIE
ZEHIMU T, O L% ~7=, Fig. 11X 1.6 GPa £ TOEIN
BIES EFKEZHIN LT & & O RE124 O T, DAL Z 7R
T8, WPROFRICBWTHENENMCE b 725 T T,
NEMRENTIERT 5 Z EBNBN Sz, RO L

100 ‘ .

Bucherer al.
P16
Pllc

95

> & B >

Cc

T, K]

75 1 1 1
0
P[GPa]
Fig. 1 Pressure dependency T, of Y-124 under P Lc,

P // ¢, and hydrostatic pressure (HP).”®
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Fig. 2 Pressure dependency of T, for three types of
contraction: hydrostatic pressure (HP), Plc (red
squares), and P //c¢ (blue circles). The change in T, as
pressure decreases for each case is shown by open
symbols.”

E B, bElRMICKRESHKRT 2 2 & bR 7z, Fig. 2
I% 12 GPa E CTEIRWE) LFKIEEZ MR T2 L & D T, 2
T, TOHBA. T.013 100 K #H % 5EICE L, RE124
WZBWTITER A 2 E IR FEIZ L > THRIER T, 8K
BRZ D Z LR anT P, B, BAKEO R HPE
B 2RI E AEHINC K > T, W OfSR GO b JE
Mix 525 Z & TAT/dP = 5~6 K/IGPa ZEHNE Z &N
HOENZENTZDIFESEIBMDTTHD, ZDOXI7RIED
BT, EAFEIZEL 5T Cu0, HOFMEENEA TE
FIRELED LT CTIEFHATE T, Cu0, HA~DOEME
BENE Z > TV D AREMENRIE I NS,

3.2 RE124 8 & URE123 EEDE - 4 ) 7 H#l1H

RE123 W TIX a, b #A RO 72 2 L DR
RN H D729, AT RE124 R4 FH~~7-, PLD J£IC
£ % REI23 REROEREHEIIET DL DO TH M,
RE124 MEICBI L T3 d™ L REITRME. L TV, 2
TUTEAS A0S 2208 7 RE124 FHOFAESEIR A M R 55 /0 L 58
BIZH Y | ARWEEE S TIT S B OEIREH T m AT
EESERSKEER7ZDTH D, £ TAHFETIE, T
PLD £%° MOD VEIZ & - THFE R EER B2 RE124 fHALD T
FNT 7 AEEHER L, BRBAUFIC L > T X XU v L
PR S E D EMECHREAS D Z 2B L,

Bk OGA &R UEE % AT REI23 BE U REI24
WA~ O BRI EMEEREITo72 D, I LZ0RA, &
BOZIE & A EER Lz, EEMIIE R (X —HhE
a5 Z L2 D, JEFEINC & $ 7220 RE123 J§EED
T A0 LZE OZEAIFZ/ N E 0307223, RE124 #ilED T,
HRELS ER L, Z0®%BAICEE U, T, BEKEEOJE 115

Applied strain & (%) Applied strain € (%)
anp
Lo04:03-02-01 0 01020304 o4 030201 0 010203 ¢
. (a; Strain al‘ong sais o  (b)Strain along b-axis
.
o’ ' .
2 2 1.010 F .
% 1.000 * 8\°> 010 .
T . T, .
] L uE (]
g ° & | .
e 0.990 . iNQI,OOS R
=, . ;0 .
&
0980F o { wp %
. o This work ¢ This work .
. o Fitz et al. o Fitz et al. .
0970 L L L L L L L 0995 ! n i ! N ! o L
-0.6-05-04-03-02-0.1 0 0.1 0.2 -0.5-04-03-02-01 0 0.1 0.2

Intrinsic strain £ (%) Intrinsic strain e (%)

Fig.3 Normalized T, by the value at zero intrinsic strain for
the applied strain along the (a) @ axis and (b) b axis. Open
circles indicate single-crystal data.'?
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Fig. 4 Relationship between 7. and lattice constants at
room temperature obtained using detwinned RE123 films
on IBAD substrates.'?
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Fig. 5 B, curves of (Hgyo, Reg)Ba,CaCu,0, epitaxial
films on single-crystal substrates.'®
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Fig. 6 B, curves of BHO-doped RE123 films on IBAD-
MgO substrates.
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