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Lattice constant of various APC materials

Lattice constant [Å]
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4.244**

Ba2SmNbO6

6.4% 9.7%

~ 30 nm

misfit
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~ 3-12 nm~ 15 nm
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Experimental facility  
Parameters Condition

Laser source

KrF eximer

laser

(λ = 248 nm)

Substrate
LaAlO3(100)

IBAD tape

Substrate 

temperature
700~950 ˚C

Oxygen partial

pressure
0.4 Torr

Laser fluence 2 J/cm2

Repetition late 10 Hz

O2 gas Vacuum

KrF excimer

laser

Plume

Chamber

Heater

Substrate

Target 

SmBCO+BHO upper layer

SmBCO seed layer

BHO nanorod

LAO substrate

LTG low temperature growth technique 
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Advantage of LTG technique
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With seed layer, we can fabricate purely c-axis oriented films at lower Ts

LTG

Conventional PLD
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Plane-view images of the TEM 

film diameter [nm] Density [/μm2] Bϕ [T]

LTG-sample 7.0 2800 5.8

PLD-sample 13.5 708 1.5

LTG-sample PLD-sample

BHO 3.7 vol.%BHO 3.7 vol.%

[5] A. Tsuruta et al.: IEEE. Trans. Appl. Supercond. 23 (2013) 8001104 

[6] A. Ichinose et al.: TEION KOGAKU 48 (2013) 485

S. Miura, Y. Yoshida et al.: Jpn. J. Appl. Phy. 53, 090304 (2014)

LAO substrate	

LaAlO3 single crystalline substrate
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Microstructure in SmBCO+BMO film

Growth temperature	 High	Low	

LAO substrate	
LAO substrate	

Ｔ s
uppeer = 750ºCＴ Ｔ s = 960ºCＴ

Ｔ s
uppeer = 720ºCＴ

Diameter: 4 nm 

Number density: 3100 /µm2 

Maximum tilt angle: ~35° 

Discontinuity	

Diameter: 13.5 nm 

Number density: 710 /µm2 

Maximum tilt angle: ~5°	

Diameter: 6 nm 

Number density: 2300 /µm2 

Maximum tilt angle: ~25°	
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Distribution of inclination angles of the BHO nano-rods	

Miura, Yoshida； APL mater. 4 (2016) 016102

LAO substrate	

High number density

Small diameter

tilt for c-axis

Straight 

Low number density
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A diagram of the growth process of BHO nanorods in growth-kinetics 

Step of SmBCO

SmBCO

High-Ts sample Low-Ts sample

Migration length
Migration length

Yoshida SUST 30 (2017) 104002 

High-Ts sample
Migration length of BHO and SmBCO is large, Nucleation grows up at BHO only. Straight

Low-Ts sample 
Migration length of BHO and SmBCO is small, and  the crystal nucleation frequency of BMO increases, and high 
density BMO nanorods grow. So growth rate of BMO is low in the c-axis direction.
Nucleation grows up in every step and terrace tilt for c-axis

BHO particle
BHO particle

SmBCO particle SmBCO particle
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Fp-B at 77 K and lower temperatures
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PLD (SmBCO + BHO)

High Fp @ 77 K [3]

LTG

Fp-B at 77 K

Fp-B at lower temperatures

Film Fp
MAX at 77 K Fp

MAX at 40 K Fp
MAX at 20 K

LTG 5.6vol% 14.2 GN/m3 407 GN/m3 779 GN/m3

PLD high Fp sample 28.0 GN/m3 226 GN/m3 437GN/m3

Table Maximum Fp of the LTG and PLD high Fp films.

Fig. Magnetic field dependence of Fp of the LTG and PLD high Fp films.

S. Miura, Y. Yoshida et. al. ,  Supercond.Sci.Technol.28 (2015) 114006

LAO substrate	
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Jc-B & Fp of the LTG-SmBCO+BHO films @4.2K
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Maximum Fp

reached 1.6 TN/m3

 Fp of 1.6 TN/ m3 was realized; this value 
was comparable to the highest value 
recorded at 4.2 K and under 17 T.

S. Miura, Y. Yoshida et. al. ； APL mater. 4 (2016) 016102

1.7 TN/m3
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Improvement of the superconducting properties and 
controlling microstructures of the REBCO coated conductor 

with BMO nanorods on IBAD tape

Main Topics

 Improvement of Fp at 4.2K and 20K of SmBCO+BHO on IBAD 
tape fabricated LTG

 Growth mechanism and sharp of the BMO nanorods fabricated 
with the high-speed growth technique
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SmBCO+BHO / IBAD tape fabricated by RTR system

rotation	

Growth temp.: 840 ℃ Seed growth temp.: 840 ℃ 

Upper growth temp.: 750 ℃ 

LTG film	 HTG film	

Nano-rods	

~30 nm 

~400 nm 

CeO2(600nm)	

Gd2Zr2O7(55nm)	

MgO(5nm)	

Y2O3(14nm)	

Hastelloy(100µm)	

LaMnO3(8nm)	

O2 gas	
Vacuum	

KrF excimer  

              laser 

Plume	

Chamber	

Heater	

Substrate	

Target 	
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BHO nano-rods morphology
LTG versus HTG film on IBAD

LTG film

Discontinuous

Small diameter ~ 4 nm

Fireworks structure

Straight and continuous

Diameter ~ 5.4 nm

100 nm

HTG film

50 nm

SmBCO + BHO

CeO2

Surface

The TEM image on left figure was taken by Mr. Shun Ito at IMR, Tohoku Univ.

The TEM image on right figure was taken by Dr. Ataru Ichinose at CRIEPI.

High number density

Small diameter

tilt for c-axis

Straight 

Low number density

HTG film fabricated at high Ts by PLD
(conventional PLD)
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Flux pinning force and field angle dependence of Jc

@ 4.2 and 77.3 K

Growth temp.: 840 ℃ Seed growth temp.: 840 ℃ 

Upper growth temp.: 750 ℃ 

LTG film	 HTG film	

Nano-rods	

~30 nm 

~400 nm 
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 HTG SmBCO+BHO on IBAD tape has Fp=32 GN m-3 at 77 K
 Fp at 77K of LTG SmBCO+BHO is low. However, Fp at 4.2K is 1.5TN m-3 at 4.2 K.
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Improvement of the superconducting properties and 
controlling microstructures of the REBCO coated conductor 

with BMO nanorods on IBAD tape

Main Topics

 Improvement of Fp at 4.2K and 20K of SmBCO+BHO on IBAD 
tape fabricated LTG

 Growth mechanism and sharp of the BMO nanorods fabricated 
with the high-speed growth technique

BHO Nano rod
high growth rate⇒ Miniaturization of nanorod

Y. Ichino IEEE Trans. Appl. Supercond., 27,4, 2017, 7500304.

Growth rate	 high	Low Simulation results
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The growth direction of the BHO nanorods by plotting a histogram of the 
inclination angles

using High-speed growth technique 

Growth rate :25 nm/minGrowth rate :12 nm/min

BHO3.0vol.%-added SmBCO  on IBAD-MgO

(Energy density:1.4 J/cm2)

cf : 100 Hz Pure SmBCO
Growth rate : 100 nm/min

50 Hz

c

a
b

100 Hz
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thinner diameter, higher number density, tilted

50 Hz	

Growth rate :12 nm/min	

100 Hz	

Growth rate :25 nm/min	

50 Hz 100 Hz

Thickness of

nanorod

4 ~ 6 nm 3 ~5 nm

density 2188 /μm 3281 /μm

Bφ 4.52 T 6.78 T
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Fp and Field angle dependence of Jc of the SmBCO+BHO on IBAD by 
High-speed growth technique 
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 We will describe the development of the coated 

conductor fabricated with a repetition rate of 100 

Hz, changed from 10 Hz.
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 As increasing laser frequency, Jcmin of the SmBCO-coated conductor fabricated 
by high-speed growth was higher than the SmBCO-coated conductor by 
conventional speed growth. 
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For the high Jc coated conductor, we have investigated the relationships among
changing of Tc, Jc and Birr, growth temperature, the variety of BMO materials, its
amount of additive, the kind of substrate, the surface morphologies et.al.

 Using the low temperature growth technique with the seed layer, we can
design and control the higher density and fine BHO nanorods grown in high
quality SmBCO film, as changing lower substrate temperature.

 Higher Fp at 10K and 4.2K at optimum Ts and BMO volume. Fp at 77K of LTG
SmBCO+BHO is low. On the other hand, Fp at 4.2K is 1.6TN m-3 at 4.2 K.

 LTG SmBCO+BHO on IBAD-MgO tape has Fp=260 GN m-3 at 40 K, 690GN m-

3 at 20 K, and 1.5 TN m-3 at 4.2 K, respectively.

Summary

The high-speed growth technique for high performance SmBCO coated

conductor is an important subject. In this presentation, we described the

development of the coated conductor fabricated with a repetition rate of 100

Hz, changed from 10 Hz. We discussed the details of microstructures and

superconducting properties of BHO nanorods in SmBCO coated conductor

using the laser system with high repetition rate.



Thank you for your attention



13th European Conference on Applied Superconductivity, 
EUCAS 2017

0 20 40 60 80

0.50

0.75

1.00

1.25

1.50

1.75

2.00

0.05

0.50

0.75

1.00

1.25

1.50

1.75

2.00

@ 10 T

SmBCO + 3.8 vol.% BHO/metal sub.

 J
c

min
 of LTG / J

c

min
 of HTG

 

 

 

 

L
T

G
 J

c

m
in

.  /
 H

T
G

 J
c

m
in

.  

Temperature, T [K]

-60 -40 -20 0 20 40 60 80 100 120 140
10

6

2x10
6

3x10
6

4x10
6

5x10
6

6x10
6

7x10
6

8x10
6

9x10
6

10
7

HTG

LTG

Field angle, q [ 
o
]

 

 

 

 

@ 40 K, 10 T

C
ri

ti
ca

l 
cu

rr
en

t 
d
en

si
ty

, 
J c [

A
/c

m
2
]

Jc
min	

Jc
min	

30

25

20

15

10

5

0

M
a
g

n
e
ti
c
 fi

e
ld

 (
T

)
100806040200

Temperature (K)

Sm123+3.8vol.%BHO

B//c

Bpeak

1.0

0.5

0

ra
n

d
./c

o
rr. ra

tio

random pin

correlated

Field angle dependence of Jc and the pinning phase diagram of the ratio of Jc
rand to the 

total Jc as a function of the magnetic field and temperature

@4.2K

Random pin 

@77K

Correlated pin

@20-40K Double type pin
(cooperated by 

Random/correlated pin)

The range at 20-40K is

advantage using LTG sample

S. Miura SUST(2017) 30 (2017) 084009
Y. Tsuchiya SUST(2017) 30 (2017) 104004

Calculated ｂｙ
Effective mass model
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50 nm
SmBCO + BHO

CeO2

Surface(a) (b)

5 nm

20 nm

dBHO [nm] nBHO [×103 μm-2] Bϕ [T] FWHM [º ]

5.4 ± 0.9 2.8 ± 0.1 5.8±0.3 1.1

TEM images of the HTG SmBCO

straight-shaped BHO nanorods grow from the bottom to the surface.
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Jc-B and Fp of the HTG-SmBCO+BHO on IBAD

 The Jc at the self-field are 8.4 MA/cm2 and 3.5 MA/cm2 at 65 K and 77.3 K

 The maximum Fp values of 120 GN/m3 and 32.5 GN/m3 were obtained 
at 65 K and 77.3 K. 


