
― 244 ― 第83回　2010年度秋季低温工学・超電導学会

El
ec

tri
c 

fie
ld

 (V
/c

m
)

Current (A) Current (A)

3A-a01 HTSコイル安定性



第83回　2010年度秋季低温工学・超電導学会― 245 ―

465 470 475 480

100

200

300
 T4
 T3
 T2

Time(s)

Te
m

pe
ra

tu
re

(K
)

467 468 469 470 471 47210-3

10-2

10-1

100

Time(s)

V
ol

ta
ge

(V
)

 V4
 V3
 V2
 V1

78A

(a) (b)
330K

413 414 415 416 417 41810-3

10-2

10-1

100

Time (s)

V
ol

ta
ge

 (V
)

 V4
 V3
 V2
 V1

410 415 420 425

100

200

300

Time (s)

Te
m

pe
ra

tu
re

 (K
)

 T4
 T3
 T2

69A

(a) (b)

  
 
 

3A-a02 HTSコイル安定性



― 246 ― 第83回　2010年度秋季低温工学・超電導学会

Fig.2(b) X
EDS

0 10 20 30 40 50 60
0

200

400

600

Coil current (A)

C
oi

l v
ol

ta
ge

 (
V

) 1 V/cm 54 A31 A

45 A
8 A

53 A

45 A

 Dry winding
 Epoxy

        impregnated
        winding

 Paraffin
        impregnated
        winding

 

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 
4. 2010  3A-a04 

3A-a03 HTSコイル安定性



第83回　2010年度秋季低温工学・超電導学会― 247 ―

DC power
supply

Pneumatic
cylinder

Displacement
gauge

Tensile
force

Buffer
tank

N2 gas

AE
sensor

LN2

Load cell

z

YBCO
coated
conductor

4 mm

10.8mm

Cleavage

V

I

Soldering area
(4 4 mm2)

Copper
base

Copper
jig

0 0.1 0.2 0.3 0.4 0.5 0.6
0
2
4
6
8

10

Te
ns

ile
 fo

rc
e 

(N
)

0 0.1 0.2 0.3 0.4 0.5 0.6

A
E 

ev
en

t (
a.

u.
)

0 0.1 0.2 0.3 0.4 0.5 0.60

50

100

150

Axial displacement (mm)

Cr
iti

ca
l c

ur
re

nt
 (A

)

5.4 5.5

5.4 5.5

5.4 5.5

#1
#2

#3

#4

(a)

(b)

(c)

(A) (B)
(C)

100A

#2
#1

#3

#4

peeling

113A#1
#2 #3

#4113A (initial value)

  
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 

3A-a04 HTSコイル安定性



― 248 ― 第83回　2010年度秋季低温工学・超電導学会

Current carrying capability and thermal stability of HTS coil for magnetic sail 
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Fig. 1 Photograph of YBCO double-pancake coil. 
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Fig. 2 Voltage (V) vs. current (I) curves of YBCO 
double-pancake coil at 77 K (symbols: experimental data, 
curves: analysis curves obtained from analysis model) 
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Fig. 4 An example of thermal analysis result at 77 K. 
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Flux pinning properties and microstructure in SmBCO film on various substrate 
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Fig.1 Magnetic field angular dependence of Jc in 

LTG-SmBCO and SmYBCO on IBAD-MgO. 

Fig.2 TEM image of SmYBCO on IBAD-MgO. 

3A-a06 Y系線材ピンニング



― 250 ― 第83回　2010年度秋季低温工学・超電導学会

Synthesis and characterization of YBa2Cu3Ox thin films incorporating 
length-controlled nanorods

MELE Paolo, MATSUMOTO Kaname, HONDA Yasutaka, TANAKA Isamu (Kyushu Institute of Technology),  
ICHINOSE Ataru (CRIEPI), YOSHIDA Yutaka, ICHINO Yusuke (Nagoya University), MUKAIDA Masashi (Kyushu University), 

KITA Ryusuke (Shizuoka University) 
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1. Introduction 
In YBa2Cu3Ox (YBCO) films incorporating one-dimensional 
artificial pinning centers (APCs) such as BaZrO3 (BZO) [1], or 
BaSnO3 (BSO) [2] nanorods, critical current Jc decreases 
significantly when the magnetic field is inclined from the c-axis 
of the epitaxial YBCO films; in contrast, Jc of films added with 
three-dimensional APCs such as Y2O3 nanoparticles is hardly 
changed [3]. The main desired features of Jc for applications of 
coated conductors (e.g. the binding to build magnets) are 
isotropy and high values in magnetic field. Y2O3 random 
pinning appeared interesting especially because in-field Jc of 
YBCO+Y2O3 films at low temperatures (40K~60K range) is 
higher than the Jc of YBCO-BZO films and Tc is almost 
undepressed by Y2O3 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.  

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

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 SrTiO3

(STO) single crystals. The PLD conditions were: E = 310 
mJ/pulse, T = 860 ºC, pO

 (77K, 1T) for Fig. 2. Plots of the angular dependence of Jc

2  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 c axis length 
were determined by XRD. The superconducting transition 
temperature (T

YBCO/YBCO+BSO multilayered films. The thicknesses of 
multilayers (nm) are indicated in the figure. 

These samples presented shorten ratios between YBCO layer
thickness and YBCO+BSO layer thickness: 0.25 and 0.33, 
respectively. According to Jc/  dependencies (Fig. 2a) these 
samples were characterized by anisotropic pinning behaviour, 
with Jc (B//c) > Jc (B//ab). The samples which ratio is 1 
presented an opposite behaviour with Jc), the Jc/B characteristics (T=77 K, B//c, B=0~9

T) and the J
c (B//ab) > Jc (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.  

c/B/  angular dependences (T =77 K, B = 1 T) 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 00l peaks. 
Self-field J
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