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Introduction

In order to realize large applications (Accelerator, Fusion reactor, NMR...)
=>Need high Je and high transport current wire under high magnetic field
=>Many kinds of HTS cable conductors have been developed

TSTC (MIT)
( 4000A @4.2K, 12T @ 40wires, 5 x 5mm?)

CORC (ACT) —
(7500A @77K @ 10mmd.(180A @77K,1.5mmd.) Roebel (KIT)
( 2800A @77K @ 30wires, 12 x 2mm2)

Various types of HTS conductors have been developed to
transport large current for large applications

High Je conductor = SN2/LN2 cooled magnet applications

High Jc High portion of SC Multi S.C. layer
{1 APC - thicker SC - multi-layer by deposition
1 high texture - thinner substrate |F multi-layer by soldering
1 Process remove substrate - multi-layer by diffusion
i bonding

deposition process Post process
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Substrate removing method for high Je & Ic

Brookhaven  Technology Group Inc. has
developed the exfoliated filament stacking
method to improve current sharing path and
engineering critical current density by removing
the substrate.

Substrate YBCO deposmon Transfer lamina soldering Exfoliation
AMSC Z
Substrate re-cycling 9
©
S
Protective silver Laser slicing Solder coating Cabling/winding  Solder reflow

LTS 8

presented at MEM2018, Andong, Korea

Substrate removal for high Je CC

copper

silver
ReBCO

- Can remove substrate more than
100 meters without loss

3.0x10%1 Voltage tab dlstanoe 40 cm

vm-40 W | 4 ply CC : ~ 150 um thick
=68 Ak - S —
2.0x10*4 Nevalue = 38 - —— ——

1.0x10* 4 stacks : | 2 ply CC : ~ 80 um thick |
. 1 . g ul I
~ 150 um ; ind

ool | thick 5 300)

2 ply or 4 ply + Cu plating hastelloy CC
> 3 plyor5ply CC

- Enough mechanical strength

SUNANMN
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presented at CEC-
ICM2019,Connecticut, USA

These technologies use solder to make multi superconducting layers in a wire and
laminate high strength metal tape on superconducting wire.
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Newly invented method to make Multi-HTS conductor

Q Patent pending : KR 10-2018-0041360, 2018.4.10

/0
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4 Stacking & Alignment Heat-treatment
e L Ag S.C. Sub for diffusion bonding

é.C. coating Ag coating |
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\ K Ag coating
Substrate recycling

Fabrication procedures of Multi HTS on One Substrate(MHOS) conductor

Exfoliation

——

!

able to make higher Ic and Je HTS conductor
apply to LN2/SN2 cooled magnet (saving cooling cost to operate oo e
superconducting magnet) and high magnetic field magnet
realize large current transport conductor by bundling of MHOS conductor P— ;;
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Basic techniques to make MHOS Conductor

1. Ag diffusion bonding : J. Kato et al. / Physica C 463-465 (2007) 747750

Stainless steel screw
Inconel holder

1w

ve 12

HE_,—-—CGH

Ag stabilizing layer
YBCO layer
Ce0, / GZO / Hastelloy

(a)

L=

20 mm
- =
E——

J
—~
/i

(b) (c) (d)

= Need to develop Long wire diffusion bonding technology

2. Continuous exfoliation technique

300

250+

200+

150+

o 100+

50+

0

300
g 250+
1 WM—WW
{1 = 2001 1
Stabilizer i .
Superconductor layer i |;F> 150- 45 “m-thICk
A Substrate
Substrat
LhetE i - 100+ Stabilizer
. | Superconductor layer
100 pm-thick I 501
T T T T T 0 T T T T T
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Position (m) Position (m)

Continuous Ic measurement

= Need to develop crack free exfoliation technology UN AN KER]
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Fabrication of 2-MHOS conductor (2018.9.)

Not
bonded
region

5-4800 10.0kV 9.1mm x30.0k SE(M)

Surface of superconducting layer
after de-lamination

3.0x10° T T
@77K, SF. =
25x10° —m—2layers |
2.0x10°
Cross-section of 2-MHOS conductor =
%’: 1.5x10°
§ 142A/mmw.
1.0x10°
« n . 5.0x10° I
Ag coated 2- Iayered HTS wire (10cm ool ' ™| | |
|Ong) (Laser patterning (Immw.) for Ic ¢ %o 800“,::2“\120 1o 10 T 20
measurement) Ic = 142A/mmw,,

Whole superconducting layer was not exfoliated. Je = 0.095MA/cm?, 0.15mmt.
=>» Only narrow width wire can be made. SuUNAN KERI
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Fabrication of 4-MHOS conductor(2018. 9.)

2.0X1O_5‘H_1 TRl raT e T F e e TS s e T e
at’TK, Se|f_fe|d SHARRRIEEER
ERERIR RS IARAR AL |4layers]
1'5)(10-5_,?,3 L Y i bl fofe
s .| Damaged wire
o 10010 |- N PN
> RERRRRENARSARRRRNARA NRRD N SVAL ] +
g 5'0)(10-6 SEEAN | : 4 |c=1$OAlmmw. Ic=200A‘)vr]:mw. H
TR T ]'\: g
Longitudinal cross-section of 4- 0 20 40 60 80 100 120 140 160 180 200 220 240
Superconducting layered HTS wire Surent
Ic = 2,000A/cm-w. , Je = 0.12MA/cm?2
Immw. X 0.17mmt. X 2cmL.
As-received CCs Slit with Immw. H'%ZeSt
p)
(A/mmw.) (A/mmw.) (A/mmw.) | (MA/cm?) | (A/mmw.) (MA/cm?)
73 72 X 130, .
(SUNAM, 880A/12mmw.) (SUNAM) la2 UREE 200 a2

*Ag thickness is not optimized.
These wires have thick Ag layers to measure Ic without Cu.

This process was not stable to make 4-MHOS conductor.
2 we could not make long 4-MHOS conductor without defect. NAMN KER]
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The influence of shape of substrate on diffusion bonding

Cross-section of diffusion bonded 2-MHOS Relatlonshlp between shape of substrate
conductor and exfoliation property

Near rectangular cross-section of substrate shows good exfoliation property.
=>» Quality of raw metal strip and electro polishing technology are important to
sustain rectangular cross-section.

Discrepancy of alignment between two wires during diffusion bonding deteriorate

exfoliation property of MHOS conductor.
SUNAN KERI
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Fabrication of 1m long 4-MHOS conductor (2019.08.)

New apparatus is applied to exfoliate superconducting
layers from Ag diffusion bonded conductor.
=>Successfully exfoliate superconducting layers from the
substrate without damages and good alignment

Magnetic Field (Gauss)

60—+

{1 Size : 12mmw. x 0.17mmt.x 1mL. : K,
500 | .

_ . Exfoliated 1m long
400'_ onp AP ety 2'484A'_ 4-MHOS conductor
300+ i

1 Je =2484/(12x0.17mm?)=1,217A/mm?
2007 1 =0.12MA/cm?
100 @T77K, S.F., 1uV/cm crietrion ]

0_ . . ]

00 02 04 06 08 10 12 14
Position (m)

Hall-Ic measurement (by SUNAM) SUNAN KERI
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Critical current of MHOS conductors at 77K, 0.6T

Voltage tab distance =20 cm Voltage tab distance = 20 cm Voltage tab distance =20 cm
4.0x10° Vouor = 20 WV 1 40x10° Ve =201V 1 4.0x10° YCut°ﬁ7;528 /:lv

.=237.2A | =458.8 A . =795.

| Nvae=169  1-layereds | | Nvae=165 2-layered S | Nae=175  4-layered
at 77K, 0.6§ ° at 77K, 0.6T§ at 77K, 0.6T
2.0x10° § ; 2.0x10° T 2.0x10°
00{ % : ] 0.0- ] 0.0 & ]
0 100 200 100 200 300 400 500 0 100 200 300 400 500 600 700 800 90(
Current (A) Current (A) Current (A)

1. Ic of as-received wire at 77K, 0.6T shows about
32% of Ico at 77K, S.F.
2. Ic of MHOS conductors are not proportional to
ot b detorce e o0 e the number of superconducting layers.

Voltage tab distance = 20 cm

4.0x10% Vesor =20V 1 = 100%(1layer)=» 97%(2-MHOS)=>» 87%(4-MHQOS)

I.=739.7A
| N-value = 33.2 1 - | aye red

at 77K, Self field.

2.0x10°

0.0— & -
0 100 200 300 400 500 600 700 800
Current (A)
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Defects of edge of MHOS conductor

FESEE
S-4800 10.0kV 8.0mm x8.00k SE(M)

50.0um

Some of superconductors are cracked off at the edge of the superconducting
layer.

But, large crack or crack propagation along the width direction were not
detected at the surface of superconducting layer of MHOS conductor. T



Critical Current (A/12mmw. )

Critical current (A/12mmw.)
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Magnetic field property of MHOS conductors at LN2

1000 \ ;-:ayer i =— 1-layer
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3 \*‘k\;&\\jifr | g Aayer
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- z
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« Critical currents of MHOS conductors are increased by the number of superconducting layers under magnetic

field from 0 to 6 Tesla.
» Normalized Ic-B properties of MHOS conductors show nearly same values.

* Tailored MHOS conductor can be made to meet the demanded Ic under special B & T by controlling the

number of superconducting layers.
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Cross-section analysis of 4-MHOS conductor

4th HTS layer

500 hm

ni
—

Superconducting layer

3rd HTS layer

2nd HTS layer

00 10.0kV 8.0mm x450 SE(M) . 00um 151; HTS Iayer
4-layered HTS wire

Metal Substrate

S-4800 10.0kV 8.0mm x2.00k SE(M)

1. Interface between Ag layers was removed by Ag diffusion bonding treatment.
Superconducting layers shows flat and clean without cracks and defects.

3. The thickness of Ag layers is not optimized, if Ag layers become thinner by
optimization, Je will be improved over 0.12MA/cm 2 @77KS.F..

SUNAN KERI

14



IEEE/CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), November 2019.
Invited presentation 1-MO-CS-03S given at EUCAS, 01 - 05 September 2019, Glasgow, UK.

Conclusions

1 m long 4-MHOS(Multi HT'S on One Substrate) conductor has been
successfully fabricated by improved fabrication process.

MHOS conductor consists of multi biaxial textured superconducting
layers without any epitaxial grown buffer layer or solder layer
between superconducting layers.

1m long 4-MHOS conductor shows higher engineering critical current
density(Je = 0.12MA/cm?) and critical current(2,484A/12mmw.)

A e

Future works
Evaluate mechanical and high magnetic field property of MHOS conductor
Fabricate 6~10 layered MHOS conductor for higher Je
Optimize thickness of Ag layer between superconducting layers
Develop new machine to fabricate MHOS conductor automatically
Fabricate long MHOS conductor over 100m long to make magnet operated at 63~77K.
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Thank you for your attention
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