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Fujikura's REBCO coated conductor
I

B Typical Specifications Sutabilizer:electroplated copper
Thickness Substrate Stabilizer SllieE!] U
(@77K, S.F)
FYSC-SCHO4 4 0.13 75 20x 2 =165
FYSC-SCH12 12 0.13 75 20x 2 =550

* Dimensions do not include thickness of insulating tapes.

> Specifications above are just references.
> If any questions or inquiries, please ask us detailed specifications.

<Schematic of 2G HTS wire (FYSC-SCH04)>
Stabilizer [Cu] 20pum .
Protection layer [Ag] 2pm~
Superconducting layer [GdBa,CuzO,] ~2um
Buffer layer [MgO, etc.] ~0.7um

Substrate [Hastelloy®] 75um
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Example data of longitudinal I distribution

I
Non-doped production wire with 4 mm-wide

u 4-t2%5minal method current conduction measurement at every 4.7m
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quite uniform I, with 600m length are obtained



Typical in-field I, of a production wire

> Example data of typical production wire e
» Sample : I. = 573 A@77K,s.f. (/cm-w) (1.9umt) ‘l

[ZZZzZzZzzzA Wire sample

10000 1060 A/cm-wide |

@30K, 2T 900A/cm-wide 648A/cm-wide

(360A/4mm-wide) || (259A/4mm-wide)
@4.2K, 10T @4.2K, 16T

20
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Key techniques for REBCO wire fabrication

Cu (20 um)
Ag

PLD-GdBCO

IBAD-MgO
Y20;

AlLO,

Non-textured Hastelloy 75 um

lon Beam Assisted Dpoitidn IBAD)  Pulsed Laser Deposition (PLD)

-m S

S UL s
8 X

R-to-R system R-to-R system

with large ion source with hot-wall heating

These techniques enable us to stably manufacture

the high-performance and long-length REBCO wires.
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BMO doping by Hot-wall PLD

4 )
Key issues for BMO doped REBCO wire are:
"High in-field I_ & Reproducibility"
"Long-length & Longitudinal I, uniformity”
\_ J
Hot-wall PLD system realized:
» High I by thickening REBCO layer
» Excellent I, uniformity
by furnace-like stable substrate heating
. — N
Excimer Multi-lanes
Laser IBAD
Substrat :
<> ------ ----- HPSHate Hot-wall PLD system is expected to
“ | Hot-wall overcome these issues.
Y | Heating
Scanning _—. REBCO
9 Laser Target )
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Selection of materials

O Investigations on RE element and BMO
by preliminary deposition condition of Hot-wall PLD.

$ GdBCO+5.0mol%BazrOs g doped EUBCO showed higher J,

+ GdBCO+3.5mol%BaHfO;  _, \We chose this combination
» EuBCO+3.5mol%BaHfO;

Eu-BHO |Gd-BHO Gd-BZO
A A L

- r 1 I 1 f 1

Thickness: 1.0 um 20 K 20 K 20K

B//c

30

30K |-+ 30K <©30K

*40K | 40K ¢ 40K

% B0K |« 50K < 50K

65K | 65K <¢65K

*TTK | 77K <o 77K

0 0.5 1 1.5 2 2.5 3
Magnetic Field [Bf/c] (T)

Y. Iijima et al., IEEE TAS vol. 27, no. 4, 6602804 (2017)
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Optimization of deposition condition

O Two types of optimized condition were found for BHO doped EuBCO.

Condition A: High J, Condition B: High growth rate
Growth rate ~ 5-7 nm/sec Growth rate ~ 20-30 nm/sec
Thickness ~ 1 uym Thickness ~ 2-2.5 um — high "I."
.y -d i - _ _ _ /hon-dope
o » deposition = -1 sample ©4.2K 40 deposition sample @4.2K
\iorldltlonl AL “condition B L
. i —o-20K
a0 Bll ¢ — 20k — 30 Bllc I
£ ‘\\ . 30K £ i
& \ & N —%—50K
< ‘!k \%x —+—50K < L
S 20 S 20 % ——65K
= \,XN ——65K ] %
- | % 3k -~ —o—77.3K
10 4 — MW ‘.4___ :‘:‘\‘a,
0 $5s5ereee T
0 5 10 15 20
B[T] B[T]

Y. Iijima et al., IEEE TAS vol. 27, no. 4, 6602804 (2017)



Thickness dependence of BHO doped EuBCO

O Several thickness samples were fabricated
using the two optimized deposition condition A and B.

900 - 2.0E+12
= o i
§$ c R i - 3 - depo. cond. A 0.9um
600 = 1.5E+12 - - -3 - depo. cond. A 2.2um
E - °t i - -3 - depo. cond. A 5.1um
g 000 - © £ om0
o 400 - g = r —o&— depo. cond. B 1.1um
::‘f- = @ dep. cond. A o i
= 300 -« H L 5 0E+11 | —&— depo. cond. B 2.4um
~ 200 - Odep.cond. B | UE+ L 4
c —&— depo. cond. B 6.2um
100 =773 If, s.f.
0 Eecdvodiendvn b b 0.0E+00 &+
0 1 2 3 4 5 6 7 0 5 10 15 20
REBCO thickness [um] B [T]

» REBCO thickness dependence of I (77.3K,s.f.) is similar in both conditions.

> 0.9 um thick sample of condition A shows quite large F,(4.2K), but over
2 um thick samples have similar value to those of condition B samples.

* This work includes some data measured at HFLSM, IMR, Tohoku University.
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TEM observation

Cross-sectional-View Plan-View Nanorods

- diameter ~ 3.7 nm

Depo. Cond. A Long
0.9 mm - Dense
C

- diameter ~ 4.6 nm
- Short
- Sparse

Depo. Cond. B
6.2 mm

* Different Hikness sampiés with same depo. cond. aré ‘similar to each other.
Why the microstructure differs depending on growth rate?
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Field angular dependence of I_

50K,5T 30K,5T
14E+03 B¢ Bljab 5 OE+03 B//c __ Bjfab
126403 E_—S—O.Bum —6—2.2um ; —65—09um ——2.2um
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—_ P —_ - 30K, 5T
2 8.0E+02 M hy S 3.0E403 - ’
g - £ -
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2.0E+02 F — -
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2 8.0E+02 - = 3.0E+03
Depo. Cond. Eoomor [
B = 408402 - » =3
2 .0E+02 ,_--::_:_.ﬂ:‘:_:::;;;:,:;_:_._‘._i‘__- - 1.0E+03
A 0.0E+00

Forcus on 0.0E+00 [2?¥A
l.(min) -45 0 45
0 [deg]

1(B//c)>I.(min)

90 135

This work includes some
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-45 0 45 90

I(B//c)=I.(min)

0 [deg]

data measured at HFLSM, IMR, Tohoku University. -il



Thickness and Temperature dependence of I_.(min)

1200 2500 - —
1000 L - (A)E//c,/}’ 8
: B//c ° 2000 TP
— r ¢ dep. cond. AlcB//c — - ) _J -7 o dep. cond. A Ic(B//c)
$ 800 . $ 1500 r A TURWR L b .
g 600 L4 - o < dep. cond. A Ic min g - . ;,’ _Jt;d.(é);nin O dep. cond. A |C(min)
~ P L ,
< o % Jwin odep.cond.BlcB//c ' 1000 o o dep. cond. B Ic(B//c)
~’ 400 E o O dep. cond. B Ic min - N }/ a o dep. cond. B Ic(min)
L 9/’ N 500 : L |
we 50K,5T 30K, 5T
0 (11 111 IIIIJJJJ]!I!E[LLJ! 0 l‘:tll]]ll lIJJlII\JILlI]JJlllJJJ!
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
REBCO thickness [um] REBCO thickness [um]
3500 ¢ B=5T I.(min) lines are similar in
'§' 3000 E - -3 - depo. cond. A 0.9um bOth COI’\ditiOI’\S.
g 2500 ; -3 - depo. cond. A 2.2um
E 2000 E - -3 - depo. cond. A5.1um In the Case_ Of
E 1500 - —e— depo. cond. B 1.1um 'REBCO th|CkneSS > um
J 1000 —o— depo. cond. B 2.4um -Temperature > 30 K
200 —o— depo. cond. B 6.2um — I.(min) values are not so
0

different by the depo. cond..

* This work includes some data measured at HFLSM, IMR, Tohoku University.
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Conditions for fabricating
long-length BHO doped EuBCO wires
I
O Materials
3.5 mol% BaHfO; doped EuBCO was adopted.

O Deposition Condition
In order to ensure
sufficient throughput considering mass production
and
sufficient in-field I. performance ,

High growth rate condition : B was adopted.
O REBCO Thickness
2~3 um thick was adopted.

A 300 m long wire was fabricated. »
P Fuiikura EUCAS 2017, at Geneve, 19 Sept. 2017, 2Moa0s S




300m long BHO doped EuBCO wire

I
Tapestar® measurement

Dg]side S) (side E)

S NV RN el P et g i P, bl e el £ ol N bttt Bt taf il Al

= depo. cond. B Uniformity :2.6 %
— 200| EuBCO-BaHfO; (standard /_deviation / average /)
~

0l 2.6 um thlick 12 mm wide | | 77'3. K,O0T
0 100 200 300
Position [m]
comparable uniformity to non-doped wires

Good uniformity was obtained over 300 m.

7 ook ((In-field I, measured at both end points )

| ™se. =40k | are in good agreement,

.| | 50K _ ]
"% o773k | Ie= 1755 A/cm (side S)

P _ : @30K,2T
0 2 4 6 8 10 12 14 \Ic—1786A/cm (side E)

B [T] * This work includes some data measured at HFLSM, IMR, Tohoku University.
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Reproducibility of I_-B-6 characteristics

Cc
0 ,B
3000 | . . 2 b
i —o—short sample 30K. 7T ’
2500 + -5~ 45m
2000 | '
$ -
£ 1500
L
—, 1000 =Bt ST ST T o
g Eu$CO-BaI-IfO3
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-30 0 30 60 90 120

0 [deq]

Good reproducibility of 1.-B-6 characteristics was confirmed.

* This work includes some data measured at HFLSM, IMR, Tohoku University.
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Summary

O BHO doped EuBCO wires were fabricated by Hot-wall PLD using the
deposition conditions of

A: high-Jc condition with growth rate ~5-7 nm/sec
B: high throughput condition with growth rate ~20-30 nm/sec.
O REBCO thickness dependence was investigated for BHO doped EuBCO
CC fabricated under the two conditions of A,B.
» Minimum I_ in angular dependence was almost equal under the two
conditions, in the following cases.
REBCO thickness > 2 um
‘Temperature > 30 K

O A 300 mlong BHO doped EuBCO wire was successfully fabricated
using condition B.

» Londitudinal I uniformity ~ 2.6%
» I.@30K, 2T = 1755 A/cm-w, 1786 A/cm-w @both end points
» Reproducibility of I_-B-0 characteristics was confirmed

Development for mass production of doped wire is under way.

*Please inquire individually for the commercial release time.
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Thank you for your attention !

Questions?

Fujikura booth is in exhibition floor
or
E-mail : ask-sc@jp.fujikura.com
Web : http://www.fujikura.com/



In-field I. measurement
I

O Evaluation sample
microbridge process of
photolithography and wet etching

-Bridge length : 1 mm
-Bridge width : 30~40 um

O Measurement @ HFLSM, IMR, Tohoku University
Four-probe transport, 1 pV/cm-criteria
Equipments

- Applied field : 0~18 T, using SM
- Sample temp. : ~4.2 K, using GHe
- Field angle : -45°~135°, rotatable stage

Ag+REBCO

O I.conversion (bridgeI. ~>10mmw I.)
I(10mmw; B, T) =
I.(10mmw; 77.3 K, s.f.)
I (bridge; 77.3 K, s.f.)

X I.(bridge; B, T) 3 | §
20T-SM 18T-SM

P Fuiikura EUCAS 2017, at Geneve, 19 Sept. 2017, 2Mo40s



Samples of thickness dependence investigation

Deposition Thickness | I. (77.3K, s.f.) T K]
Condition [mm] [A/12mm] c
A-1 A 0.9 346

91.4
A-2 A 2.2 599 91.8
A3 BaHfO3 A 5.1 845 91.1
B-1 3.5mol% B 1.1 339 92.5
B-2 B 2.4 580 92.3
B-3 B 6.2 1006 92.2
A
900 ¢ 5 3.5E+06 - i e
[Depo Cond \ 3% E b 3.0E+06 i & dep.cond. A ||
) ) g g ol ep. cond. i
A : growth rate 7 S0 ¢ - o 2008 ° ©dep.cond.®
5~7 nm/sec £ o0 © § 20B+06 | ©
g 400 ¢ deo.cond A || < 1.5E+06
B : growth rate < 300 — o slepeond Al S T - s o
20~30 nm/sec ) ~ 200 Odep-cond. 8 L0061
\ / 100 77.3 |](, s.f. 5.0E+05 973 % st
S 0.04+00 koo b Loy
61 2 3 4 5 6 7 0 1 2 3 4 5 6 7
REBCO thickness [um] REBCO thickness [um]



Ic-Bat4.2K

8.0E+03
7.0E+03 ¢ - 3 - depo. cond. A 0.9um
6.0E+03 n - -3 - depo. cond. A 2.2um
'E' 5.0E+03 -
= = - 3 - depo. cond. A 5.1um
= 4.0E+03 -
o —&— depo. cond. B 1.1um
:E- 3.0E+03 d 4. B2.4
'___:'_, 2 OE+03 i —&— depo. cond. B 2.4um
1 OE+03 i —&— depo. cond. B 6.2um
0.0E+00 - 1.8E+12
0 5 10 15 20 Lepsp 2K Condition VIS
B [T] 1.4E+12 ?//C T
— 126412 Condition B 2.4 urm thick
_E 1 0E+12 ondition B, 2.4 um thic
Z 8.0E+11 f
w B
6.0E+11 & Pure GABCQ
4.0E+11 -
2.0E+11
0.0E+00
0 5 10 15 20
B [T]



Ic properties in strong magnetic fields

10000 . 1687 Alcm @4 K, 15T
E oo B/ /c-axis — @

/ 3000 |
5., 4.2K 2500 |

P60

o
S

o
>
-

(),

(),
(),
(),

[} (),
[} (),
» Q)

5
/

b (),
i Q)
(),

2000 |

1500 |

ey v! T "9 S
$ 5 - T Lo NN C
e ) ; :
> 1000
O o —2—30K fZS===:
< 100 % :
[ \‘\‘
9 "

30K 7T

Ic [A/cm-w]

\ i'\'\k‘_ M4 500 : 5T

512 Alcm @50 K, 5 T | ——50K o

(0)]

dn

~
[«>]
o
(0]
o,

10 - 5
: B
- depo. cond. —e—77.3K

. 2.6um tﬁlick
0 5 10 15 20 EuBCO film

B [T]
* This work includes some data measured at High Field Laboratory for Superconducting Materials,
Institute for Materials Research, Tohoku University.
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Comparison of I, uniformity with non-doped wire
B

M Artificial pinning wire (EUBCO + 3.5mol% BHO) Tapestar® measurement
Ic [4]

e e gttt et o B i arture i e s i, fen o Pty sttt i st g b e i, et e e b s g s gttt
= 500T e TNV, -- ' ' Max.
= 400 Min.
» 300
A’
<2 56 m
®) . 12mm width 77 K self-field
-~ 0 56 100 1EQ 500 550 300

Position [m]

B Production wire (GdABCO w/o artificial pinning)

i [4]

e O S O O APPSR B 1L
600 1,'. Min.

| @77 K, s.f. [A]
N
3

N
o
Q

~2.0 ymt
12mm width 77 K self-field

O,, T T
0 50 100 150 200 250 300
Position [m]
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comparison of Ic - ©

10
I depg. cond. A
r— - "
NE 5 [ 4
g 74 ,cond, B
e .
< 3 _M O
Elz G M
%) I non-Al
l\
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-50 0
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comparison of Ic - ©
I

Condition A, 0.9 um thick
B// ab

10000

o)
]
(6,

—©—20K

1000

L —A—30K

—=—40K

Wl
f

—6—50K

1. [Afcm-w]

.

100

——65K

——77.3K

-30 0 30 60 90 120
U [deg]

10000 . Condition B, 2.4 um thick

—¢—4.2K

—6—20K

——30K

—=—-40K

650K

1. [Afcm-w]

——65K

D
——77.3K

-30 0 30 60 90 120
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Fp over 20 K

deposition condition A deposition condition B
Matching field ~ 5-7T for c-axis correlated pinning Peak shift
higher field

/ @low temp.
——20K < [ —-20K
o © 08 |
5 5 : 30K
lf_" —+-30K LE- i —i—
?_ E‘ 0.6 : X x%
L'I'- ——50K L - &&& ——50K
G I 'X‘S’S‘SK‘
—+—65K 0.2 . —+—65K
Sy
0 .
“ 0 5 10 15 20
0 5 10 15 20 3 (1]
B[T] [
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Plan view STEM image

I
Depo. Cond. A Depo. Cond. A Depo. Cond. A

0.9um 2.2um 5.1um

T R e

I
100nm

Depo. Cond. B |
2.4um




In-field I, distribution in a 1 km long demo sample (10-77 K)

Ic (A/cr6n0)0 [1 T WO W s - e LR MaX,
S o e i,
400 | / /
200 ‘{ l | |
0 | | l . TapL:s;ar@ measuremenl
- C 2 04 | 06 0.8 1.
Position (km)
\ \/ \/
). IEL C D E
s = S - = - 77K
B 3T, Bllc DC 4-probe method
10 b
*’ 0 100 200 300 400 500 600 700 800 900 1000 1100
Position [m]

Uniform in-field I, in wide range of temperatures are observed

STDEV /average < 5.8%




BMO doping technique for REBCO C.C.

by vapour phase deposition
I

Big Jc enhancement in wide temperature range
by nanorod-like BaMO; structure

B MOCVD (Houston Univ.)

« Biggest Jc/Fp obtained
» 20MA/cm2 at 30K 2.5T
> 1.7TN/m3 @ 4.2K

B PLD (ISTEC, Nagoya Univ. etc.)

« BMO optimization (ISTEC)
» BaHfO5; doping vs BaZrO; doping

1 OpEHO
TSRO
| ARSO

e ETTE 3T (MAStm*)
o o
= wn

RGN

 RE element optimization (ISTEC, Nagoya) &
> Gd,Eu,Sm = s

*EWil

=RTi

Qiprore
Additive (neol %)

« LTG technique (Nagoya Univ.)
> thinner rod diameter H. Tobita, et al. Supercond. Sci. Technol. 25
» 1.5TN/m3 @ 4.2K (2012) 062002



End-to-end continuous measurement of in-field I,

I
using in-field magnetization measurement by Kyushu University

Presented in ASC2016 T. Fukuzaki, K. Higashikawa, T. Kiss, et al.

40m long BZrO-doped GdBCO sample
depo. cond. B before optimization 27K 0.05T
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5mm%“ 40m long BaZrO, doped sample

longitudinal /_ distribution Tapestar® measurement
| GdBCO: 5wt%Zzr02 e P
thickness 1.8um ) ) o
5mm width

oo T T T Y
o 10000 20000 30000 40000

Ic=309A/cm (77K,0T) 1380A/cm (30K 2T)

Jc=1.7MA/cm? Jc=7.7MA/cm?2
4000
Uniformity (STDV/ave.lc) =3.9 (%) 3300
3000 —m— 20K
T 2500 30K
§ 2000 | 40K
% 1500 - —4—50K
1000 ‘% | = 65K
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