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Study on the magnetic flux trapping and high-quality superconducting films by
controlling artificial pinning centers using molecular doping

Kita, Ryusuke
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We have investigated the fabricating process of high-temparature
superconducting thin films with high-performance critical current density by controlling the size
and density of artificial pinning centers using the crystallization of amorphous thin films under
extremely-low oxygen pressure. The formation process of high-temparature superconducting thin films
and the interaction between artificial pinning centers and magnetic quantum fluxes have been
studied. As a result, the critical current density property of the high-temparature superconducting
films was enhanced by the improvement on the crystal growth and surface flatness by tetrakis Zr
molecule doping into the coating solution to fabricate the films. Furthermore the pinning property
the high-temparature superconducting thin films in the magnetic fields ranging from low to high
magnetic field was increased by simultaneous doping of Hf and La.



REB&a,Cus0,(REBCO)

REBCO
(Metal Organic Deposition: MOD )
MOD
REBCO
5-20nm ( )
key
820~850(°C]
MOD 400[°C] @ﬁﬁ]
i s
i 5[°C/min] 30[min] )
: ______________ inpureN,
2ppm
1
Gd Ba Cu
Zr Zr GdBCO
GdBCO
0.30pm Zr La Zr
La Y
Hf 7 | | 30000an] l | oma
XRD =
SEM/AFM E J B
SQUID B R E R R B Smol%
¥-B 5
g 3mol%
E \P M 1mol%
La GdBCO XRD 2| ) jt A J
La pure . Jj
La 1mol% ! : —a
5 15 25 35
GdBCO 20[deg.]
La

2Lla GdBCO XRD



9mol%

La La
Eu
La GdBCO
Jc-B Pure
La
Jc
Jc
La
APC
APC
La
4 Zr 2MH-
Zr GdBCO Jc-B
2mol% 3mol% 2MH-Zr
Pure Jc Jc-B
5 2MH-Zr GdBCO
SEM 2mol% 3mol%Zr
pure
GdBCO
Jc-B
Jc-B
0.5mol%  1.0mol%Zr
Jc
APC
Zr
6 Zr
Zr GdBCO
W
N\ _
é{N\»\\/
6 Zr

2
—e—pure
1.5 —o—La Imol%
&E" —e—La 3mol%
s 1 ~o—La 5Smol%
)
<
0 0.2 0.4 0.6 0.8 1
Magnetic Field[T]
3La GdBCO Jc-B
25
—o—Pure
q
2 —o—Zr 0.5mol%
T 1.8 —o—Zr 1mol%
5 1.5
E o—Zr 2mol%
2 1 —o—Zr 3mol%
L
*
0 0.2 0.4 0.6 0.8 1
Magnetic Field[T]
4 2MH-Zr GdBCO Jc-B

Jc[MA/cm?]

52MH-Zr GdBCO SEM
0.5
—o—Pure
0.4 —o—Zr 0.5mol%
—o—Zr 2mol%
0.3 ~o—Zr 3mol%
0.2
0.1
0 *
0 0.2 0.4 0.6 0.8 1
Magnetic Field[T]
7 Zr GdBCO

Je-B



Zr

GdBCO 73
7 Zr GdBCO % (B0 In] M N 3mol%
Jc-B Zr 2
2 A 2mol%
Jc E .
Jc-B £ J\L‘ N AJ 1mol%
Zr E
GdBCO APC g A 0-Smol%
APC ‘;,
BazrO3 LR A e Il T
5 15 25 35 45 55
Ox-La Zr 20[deg.]
Jo-B 8La Zr GdBCO
XRD
Jc-B La
Zr
8 La Zr
GdBCO XRD
La La
1mol%
Zr XRD
9 La
Zr GdBCO
SEM La Fratey
Zr pure La 1mol%,Zr 3mol%
9La Zr GdBCO
SEM
10 La Zr
GdBCO Jc-B Zr
0.5mol% pure .
Jc 4 ~o—Pure
Jc-B —o—7Zr 0.5mol%
kX  zriomol%  E° ~e=Zr tmal%
pure 1.0MA/cm? 32 © Zr3mol%
4.8MA/cm? 5 La 3 ) »
Zr Jc-B N =
0 \‘g~ ————9¢
0 0.2 0.4 0.6 0.8 1
" H¢PC 7 Magnetic Field[T]
ot A ' 10 La zr
aHfOs PC GdBCO Xk-B
11
Hf GdBCO 3 ! ! ::o::m;m%
Fp Fp Xk 251 TR, o b e
B 69 r °a —o— non-doped
2| & Lo, Yo 773K
Hf Fp
Fp
B[T]
Hf 11 Hf GdBCO



5 5 0 0

Tomoya Horide, Sho Nagao, Ryosuke lzutsu, Manabu Ishimaru, Ryusuke Kita, Kaname Matsumoto

31

Geometric and compositional factors on critical current density in YBa2Cu307 & films
containing nanorods

2018

Superconductor Science and Technology

065012-065019

DOl
https://doi.org/10.1088/1361-6668/aabe68

T. Horide, N. Matsukida, M. Ishimaru, R. Kita, S. Awaji, K. Matsumoto

110

Pin potential effect on vortex pinning in YBa2Cu307-6 films containing nanorods: Pin size
effect and mixed pinning

2017

Applied Physics Letters

052601-052605

DOl
10.1063/1.4975300

N. Kobayashi, R. Kita, 0. Miura 27

Improvement of flux pinning properties for hafnium doped Gd123 thin films fabricated by 2017

fluorine-free MOD method

IEEE Transactions on Applied Superconductivity 99-103
DOl

10.1109/TASC.2017.2655886

T. Horide, K. Otsubo, R. Kita, N. Matsukida, M. Ishimaru, S. Awaji, K. Matsumoto 30

Strong c-axis correlated pinning and hybrid pinning in YBa2Cu307-& films containing BaHf03 2017

nanorods and stacking faults

Superconductor Science and Technology

074009(1- 8)

DOl
10.1088/1361-6668/aa70d3




S. Kato, R. Kita, N. Kobayashi, 0. Miura 871

Effect of lanthanum addition on the fabrication of REBa2Cu30y (RE=Gd, Sm and Dy) thin films by 2017

metal organic deposition using fluorine-free solutions

Journal of Physics: Conf. Series 02040(1-5)

DOl
10.1088/1742-6596/871/1/012040

11 0 4

K. Kosugi, R. Kita, J. Fukui, 0. Miura

Effect of Zirconium Doping Using a New Metal-organic Material on the Fabrication of Fluorine-free MOD-GABCO Films

31th International Symposium on Superconductivity

2018

J. Fukui, T. Takahashi, 0. Miura, R. Kita

(119)Enhancement of critical current densities for Hf and La doped Gd123 films fabricated by fluorine-free MOD method

31th International Symposium on Superconductivity

2018

MOD

79

2018




MOD GdBCO r

79

2018

MOD GdBCO Eu Ho

79

2018

S. Kato, R. Kita, N. Kobayashi, 0. Miura

Co-doping effects on the fabrication of fluorine-free MOD-GABCO films

30th International Symposium on Superconductivity

2017

N. Kobayashi, J. Fukui, R. Kita, 0. Miura

Flux pinning properties of hafnium doped Gd123 films fabricated by fluorine-free MOD method with multistage heat treatment

30th International Symposium on Superconductivity

2017




MOD Gd

Eu

78

2017

MOD-GdBCO

Ag

78

2017

MOD Gd

78

2017

MOD-REBCO

La, RE

78

2017




(Miura Osuke)




