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@ 1. History of superconducting materials

. ) :
Textbooks show pages-long tables with — T T T " an] (170 GPa)

superconducting materials, more than 1000 250 — W Meal A -
N ® Cuprate high-7_ superconductor
°* However only a few can be shaped as practical ~ - @ Iron-based high-7, superconductor N
conductors, makeable in long length, robust, g 200 - ¥ MgB, A Hp (155 GPa)
uniform, strain resistant, etc. and for an = | & Hydnde superconductor - gopaCacuO (31 GPa)
. =
acceptable price. 2 150 d |
o HgBaCaCuO ®
Discovery milestones: |3 - 8 11BaCaCu0]
BiSrCaCuO
v : VitV | =100 -
1911: Superconductivity in Hg ks Liquid nitrogen ® YBaCuoO.
° . o Jmd 0 keccccccccccmcccsccsccccccmac == - - - - - - = =
v~ 1960: {LTS} Nb,Sn and NbTi, 1% practical wire ‘e ] SmFeAsO, | F_ (6 Gpa)
- - [ "MoB :: i
and magnets © >0 La, Ba CuO, v ®SmFeAsO, F
. . NbN |
v/~ 1986: {HTS} Cuprates, BiSrCaCuO and YBaCuO - AL

- ®
Pb._Nb s = ’ ¢ A e_gs
2001: {MTS} MgB, (not further discussed here)

1900 1920 1940 1960 1980 2000 2020
v’ 2008: {HTS} Iron FeAs-Based Superconductors
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@ From material to magnet

Lattice Filament Wire Cabled conductor

P!

A

v

A
v

50 nm 20 um
™ W NS N s &
= g SR S — — : —_ - MNP

* Often we need a high current for a large scale magnet

* How to make cabled conductors from vulnerable wires and tapes without degradation ?
* Key area of research, to avoid surprises and degraded magnets

* Need to understand and control the entire chain for magnets to work

* Striking examples exist of missing understanding putting large projects at risk !



@ For large-scale magnets - Cables are what we need!

200 A HTS tape

— e ——
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N 3

U e ATLAS Barrel Toroid @CERN
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* Can not build large scale magnets from single NbTi, Nb,Sn, B2212 wires, or ReBCO tapes
* Superconductors are required that can be put in parallel, be cabled and still perform!



@ Essential properties

Three key properties enabling applications J (Alcm?)
* T : transition temperature +108
* B_,: upper critical field /"\107
e g i : 9
J : critical current density // I\ < vBacuo0,
r L Ve (2GHTS)

For applications we need:
alargeJ_, a high B_,, and for stability and
minimum cooling a high T

Practical superconductors today are :

« ITS:  NbTi, Nb,Sn,
e HTS: I\/Ing, ReBiCuO, BiSrCaCuO
* IBS: (may be, coming up): FeAs-based

Lietal., Rep. Prog. Phys. 74 (2011)



@ Whole wire current density is what counts.....

For suitable applications, it is
the whole-wire current density
that counts!

Assuming a threshold of
300 A/mm? @1.9-4.5K,

we see:

°* MgB,upto5T

° NbTiupto10-11T @1.9K
®* NbySnupto20T @1.9K

* Only HTS: Bi-2212, Bi-2223
and ReBCO can go >>20 T up
to the conductor YS limit!

4
10 ~ Nb-Ti 4.2 K LHC insertion Maximal J, at 1.9 K for entire LHC NbTi
C +H quadrupole strand strand production (CERN-T. Boutboul '07).
L / (Boutboul et al. 2006) Reducing the temperature from 4.2 K : SuberPower tape. 50 um
L o= produces a ~3 T shift in J, for Nb-Ti subs:;ate 50umpCu, p EHV o
g k>§< | measured at NHMFL
N. | O><§< . el
S S
Né B Xg(.x -
K e 2212 * | 55x18 filament B-OST strand with NHMFL
E X X e | § O [ 0) / 50 bar Over-Pressure HT. J. Jiang et al.
>y S N -
FR RS- —
£ r DR 'S 2223: B || Tape Plane
c - % / Sumitomo Electric (NHMFL)
)] - . -
a s - <E> oo W =~
P - "y O o0
CICJ r ¥ | g & - oo
™ 2223 "Carri ¥ |
t Y b 2223:BL Coitrszz’zfr ‘ i e
8 0 X Tape Plane MEM’¢3 2223. BT REBCO: B || Tape plane
= Nb-Ti < sumitomo \, ‘P epe o~ REBCO: B L Tape Plane
o o % Electric (2012 » Plane sumitomo .
— 4.22 K High Field | prod.) Electric (NHMFL) = wi(= = Bj-2212: 50 bar OP
£ 102+ i X ' \q_ & Bi-2223: B || Tape Plane
uvata,
% C \ ¥= Bi-2223:B 1 Tape Place
= - / 0O Bi-2223: B L Tape plane (carr. cont.)
; r Nb,Sn: ==l Bj-2223: B L Tape plane (prod.)
K] B MgB,: 2nd Gen. AIMI 18+1 Bronze Process ==@mm= Nb;Sn: Internal Sn RRP®
_8 - Filaments , The OSU/ HTRI, === N b3Sn: High Sn Bronze
2013 Compiled from === Nb-Ti: LHC 1.9 K
= - > 4 o qnd > = Nb-Ti: LHC 4.2 K
. ' , =) = Nb-Ti: .
@9 A 0 Farrel 0157 | %+ Nb-Ti High Field MRI 422 K
S Bronze-16wt.%Sn-0.3wt%Ti ‘ - 11 High Fie :
(Miyazaki-MT18-IEEE’04) MgB,: 18+1 Fil. 13 % Fill
10 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 Al 1 1 1 1 | T T T T T T T T T T T T T T
\ \ \ \ \ \ T T 1
0 5 10 15 20 25 30 35 40 45
April 2018 Applied MagneticField (T) € NMAGLAB

Courtesy P. Lee
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@ Unbeatable beauty of ReBCO, teslas at 30 - 50 K

At higher temperatures?

40 1 1 e
l-:ellum : N:eon Cooling liquids Nitrogen:

N
Y
Irreversibility:-]\ine!

|

|

|

' ‘-
NbsSn, | %

|

I

ey |
~—" ( |
oy b BSCCO L
| | '
i . ‘ YBCO '
SN
:
0 I

0 30 60
Temperature (K)

120

v ReBCO is the only superconductor that allows us to generate high magnetic fields without using
liquid helium in the temperature range 20-50 K. No other conductor can do this!



@ 3. Three maturing practical cuprate HTS conductors

PP
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@ Bi-2223 conductor manufacturing

Bi-2212 (75-80%) | Packing Billet .
+ Bi-2201 (~5%) Mono- Drawing
+ Ca,PbO, (10%)
+ CuO in a Ag tube

Multi-, Bundling  Texturing
(_ Dr‘awiqq

_ First Rolling
= ‘ 2

|

Ag is permeable
for O,

5
w',

Green Tape Bi.2223

-

o) formation:
5/ Heat treatment

Aligning c-axis parallei_ the @ 830 - 850°C

chips-shaped Bi2212 grains in~7.5% O,

Typically ~4 x ~0.4 mm?

* Heat treatment releases CO, --> ‘voids’.
» Densification needed to enhance I..

* In the past many groups and few companies
were making Bi-2223.

 Today essentially only Sumitomo!

IWeak Ag matrix, superconductor filling factor ~40%

b DI-BSCCO

Density 100% —

10y m

I, (77 K, self-field) / A

300

273 A
January 2012
250F o R&D Type H

—-e— 1000 m-long Type H

200

150

100

50

0 1 1 1 1 L
1985 1990 1995 2000 2005 2010 2015
Year



@ Bi-2223 tape, reinforced, suitable for magnets

d Sumitomo turned this weak Bi-2223/Ag tape into a strong magnet conductor
lc [A]

e CT-OP BiPb2223 high strength tape
* Copper sheath 2x50 um 100 -
* |cin self-field at 77 K: 150 to 200 A

* Minimum bending radius 20 mm

L

/

rmin-5 mm
rmin-10 mm

90

« Stainless Steel or Ni (HT-NX) alloy sheet reinforcement

Sumitomo, LN, SF

e Can withstand 400 MPa before degradation is noticed

T T T T T T T T T T
0 2 4 6 8 10

Bending radius [cm]

< SUMITOMO ELECTRIC

v’ This Bi2223 conductor is a fully developed, mature and commercial high-strength conductor,

ready for coil winding, somewhat ‘forgotten’ with all focus on ReBCO, may be deserves a revival....
10



@ Bi-2212 round wire - quasi isotropic sRGkEROST

\ 2212: OST
"W13" NHMFL
100 bar OP

0.8-1.0 mm round wire 1200@ It
Bi-2212, some 30% filling 1100 \ £ 2500
faCtor In Ag tU be 1000 _i AT \ Eg 2212: OST "W2"
FA ( - 2000;\ NHMEL 1 bar
900+ \ [ “‘*-u\\“_;_f*‘
800 - Ax ‘ 150016‘ 1}2 14 16 18 | ;o
< Eo ‘ Applied Field (T)
: . . ~ 700+ A
Large voids present in tube-like ==l
. 600 N ST WIS"
filaments due t_o long heat. £ 1 a R
treatment, obviously heavily S %1
limiting critical current! 40+
300+ o |
L 200§ _ \ ﬁ
e Cure: do reaction in overpressure up to 100 b 5 e w2
100 1 \ 2212: OST "W2
* --—->Some 30 - 100% |_enhancement demonstrated A D - o S | NHMFLibar |
* May be acceptable for special magnets A

* Not very practical for large scale series production though.... 5. Larbalestier et al.
« Momentarily supported by 1 lab and (still) made by one supplier Nat. Mat. 13 (2014) 375



@ 4. Example of Coated Conductor Manufacturing

Three techniques needed, various methods developed and chosen by manufacturers:
* Preparing the substrate with proper buffer layers
e Deposition of the ReBCO layer & surface closing
* Adding stabilizing copper.

Metal Substrate Polishing and Buffer Deposition HTS Layer, Stabilization and Testing

=) 2 um Ag
=1 um REBCO

REBCO layer Silver overlayer SR ey 4
by MOCVD by sputtering

Al,04 and Y;,0, Textured MgO by Homo-epi MgO and
deposition by ion beam assisted LaMnO; by
sputtering deposition (IBAD) sputtering

Substrate
Electropolishing



@ Example Superpower tape properties

Ic(B L Tape surface)[A/4mmW]

A Eyrsesss Campany

M4-353-7, B L Tape surface

1200
1000
—8— /7K-B
800
—8—65K-B
600 § — 50K-B
—&— 30K-B
400
—&— 20K-B
200 10K-B
—8— 4K-B
0
0 2 4 6 8 10 12 14 16
B[T]

12 mm wide using 50 um substrate

Ic as function of temperature and field

Reduction angular dependence, towards isotropic behaviour
Optimisation for low temperature and high magnetic field
New manufacturing plant ready

4K-15T-0
e A.P. Production wire e R&D sample-A

1000

—_ ®
2 s .
g 800 & °
£ . ‘
~ 600 ° °
e PN oo’ .
£ 400 R L /
. °

- ®% 0ececoce mamocoseesnt®’
% 200
g

0

-60 -40 -20 O 20 40 60 80 100 120 140

Angle[degree] (B_L Tape surface = 0)
40K-2T-O
e A.P. Production wire e R&D sample-A

__ 1000
3
€ 800
£ o
< 600 %
= %o . .""\
B 400 & o J
:‘ .....:::."-.-....‘.“000‘ . “oveases ¢ ¢ ¢ 0
g 200
T

0

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

Angle[degree] (B L Tape surface = 0)

D. Hazelton et al, MT26 Vancuver 13



@ Flavor of ReBCO tape suppliers

« . American

# Superconductor

Bruker EST
Ihﬁlﬂ

F Fujikura

SUNAN

E_I.HI”I ADA

RCONDUCTIVITY FOR LIFI

Superfitwer

urukawa Company

¢ Lnis

THEVA

d

e e e B B e

nano

American
Superconductor

Bruker HTS

Fujikura

SUuNAM

SuperOx

SuperPower

Shanghai
Superconductor

THEVA

Dnano

RABITS
MOD

ABAD
PLD

IBAD
PLD

IBAD
RCE

IBAD
PLD

IBAD
MOCVD

IBAD
PLD

ISD

CsD

Manufacturer Technology Substrate
(material/thickness) pm

NiW
75

Stainless steel

100 /50

Hastelloy
75

Hastelloy
60

Hastelloy
60

Hastelloy
100/50/ 25

Hastelloy
50

Hastelloy
100/ 50
NiSW
60

Cu stabiliser

(type, thickness) um

Laminated
50 per side

Electroplated
20 per side

Laminated
75 on 1 side

Electroplated
20 per side

Electroplated
10 per side

Electroplated
20 per side

Electroplated 5-35 or
Laminated 50-125

Laminated 50 or 100
Electroplated 20

Electroplated or

laminated 20 per side

1-2

2.0

1.4

1.2

1.4

1-2.5

3.5

ReBCO
thickness pm

4.4x0.20

4,1 x0.15
12 or 4 x 0.09

5.1x0.16

40x0.11

4.0x0.09

4.0x0.10
12.0x0.10

4.0x0.1
10.0x 0.35

4.00r12.0x
0.150r 0.1

4.0x0.10

14



@ Comparing tapes

lc (A) 18T,4.2K

* Some tapes are optimized for low T and high B, most of them for 77 K and low B (energy appl.)

Tapelc18 T @4.2Kvslcsf @ 77 K

350 B I I | | 1 | T ';
300 ﬂ L
B ' 7
250 & & -’ =
: ¢ o
- P O SuperPower-CF
200 3 B ® SuperPower-AP
- )| *e ot O SuperPower-AP-low
150 + . [d SuperPower-AP-sp
E - B B Fujikura-SCHO4
100 £ 0 e aA A SuNAM
: 'I’ Q :
E i B SWCC
L e ® AMSC
e T <@ Shanghai SC
0 o g a0 .5 539 | P PE B B T Y M= T R B e = Y R
0 S0 100 150 200 250 300 350

Ilc (A) self, 77 K

K. Tsuchiya et al., Cryogenics 85, 1-7, 2017

TapeJc 19 T@4.2KvsJcsf@ 77K

1
o 100 -KEE_ARDz 15 mol % Zr
€ Fujikura 2019
‘&“ BHTST2200 A BHisT2289 ga STI
-
e BHT SuperOx
— qose W
b SP M4 * \g' SP M3
g B BHTS Toosi Fujikura
- ARIES o
- 4 suNAm
i BHTS T002/
£ 10}
q =
5 [ Ll -
2.5 10 , 100
Jc-layer(s'f"77K) [KA/mm~]
C. Senatore et al., WAMHTS-5 Budapest, 2019 15



@ Comparing tapes

Tape Ic per 4 mm width vs field @ 4.2 K

lc-4 mm (A)

1200

1000
800 \
600
400

200 |

T T T T T T

) |

—e— AMSC

| —®— Shanghai SC

1 —o— SWCC ¥

—&— Fujikura SCHO4

—&— SUNAM
—&— SuperOx i
—&— SuperPower-CF
—&— SuperPower-AP
—{d— SuperPower-AP-low|
—&— SuperPower-AP-sp |

K. Tsuchiya et al., Cryogenics 85, 1-7, 2017.

Ic (B, 4.2 K)/ Ic (self, 77 K)
(o))

lc @ 4.2K / Ic @ 77 K-sf

T T T T T T

—e&— AMSC

—&— Fujikura SCHO4
—@— Shanghai SC
—O— SuNAM

—&— SuperOx

—@&— SuperPower-CF
—&— SuperPower-AP
—@— Superl ver-Al

—a— SWCC

—&— SuperPower-AP-sp

A l A A A l A A A l A A A l A A )

A A

Fil |

o
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@ Summary coated conductors

Most manufacturers now optimize for low temperatures / high field use of the tapes (now
focussing on core business of superconductors, rather than energy applications use at 77 K.

Reducing the €/kAm by increasing ReBCO layer thickness (1 > 5 or 8); reducing substrate
thickness (100 > 50 > 30 > 20 >10yu); applying Zr doping and APC....

Lengths of 300 m available, still long delivery times, some deliver up to 1000 m, need more!
Homogeneity of longer lengths depends on producer, usually measured magnetically at 77 K.
Geometrical and mechanical inhomogeneity's over long length to be controlled.

In recent years accelerator EU Programs like EUCARD & Aries successfully pushed Coated
Conductor manufacturers for ‘better tape’.

Now a days a strong push is from enterprises aiming to build 20 T type tokamaks, requiring large
volumes of tape in short time for aggressive coil technology program, a very welcome support.

Properties of Coated Conductor need to be tunes and optimized ‘application specific’.

17



5. Iron Based Superconductors (IBS) types

1111 Phase LnOFeAs /122 Phase AFeZAS\Z 111 Phase LiFeAs 11 Phase FeSe
(A=Ba, Sr, Ca)

Z.A. Ren et al., Chin. Phys. M. Rotter, et al., Phys. Rev. X. C. Wang, et al., Solid State F. C. Hsu, et al. Proc. Natl. Acad.
Lett. 25 (2008) Lett. 101 (2008) Commun. 148 (2008) Sci. USA 105 (2008)
~ ~ *Y. Ma et al.,
T.~ 55K \ T.~38K / T~ 18K Tc~8K @EUCAS2019

* IBS materials shows a layered structure of FeAs layers, in a similar way as CuO, in ReBCO/BSCCO

(toxicity of As may become an issue preventing large scale application)
18



@ Iron Based Superconductors — manufacturing

Powder Deformation Sealing
Sheath Fe, Cu, SS
Ag, Nb, Fe, Cu

Wireor tape

Precursers
Metal tube
Swaginganddrawing  Rolling
Pnictide raw powders
Classification T
Reacted Pnictide powders

* H. Hosono, A. Yamamoto, H. Hiramatsu, Y. Ma, Materials Today, in press

C. Yao et al., SUST 32 (2019)

Arc Welding

In-situ

Ex-situ

Sintering

0 ]

600-950°C,
Under Ar atmosphere

hot isostatic pressed Ba-122 wires
Sr-122 tapes

114-filament Sr-122/Ag/Fe

and

19
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@ Iron Based Superconductors — applicable materials

— 1 v ¥ & ¥ 1T v v 7 & ¥ T 3
Iron-based superconducting wires and tapes

0 2 4 6

8 10

Magnetic field (T)

—&— Lin et al. Sci. Rep. 2014
—0—Zhang et al. APL 2014
—&— Gao et al. Sci. Rep. 2014
—<— Gao et al. SuST 2015

—— Dong et al. Scr. Mater. 2015
—O—Lin et al. SuST 2016

—&— Pyon et al. SuST 2016
—&—Togano et al. SuST 2013
—e— Gao et al. Sci. Rep. 2012

—v— Weiss et al. Nat. Mater. 2012
—#— Malagoli et al. SuST 2015
—A— Togano et al. APEX 2011
—e— Zhang et al. SuST2017
—0— Zhang et al. SuST2015
—a— Wang et al. SUST2013
—e— Ozaki et al. JAP2012

—O— Mizuguchi et al. SuST2011

i

potential for high-field
applications

difficulty controlling the
fluorine content during
sintering

difficulty in removing
excess of Fe

Transport J_ (A/lcm®)

—
o
o

—X
o
=

—
o
s

—
o
[h]

| ! I ! 1 ! | ! | ' ]
el for practical applications

Sr-122 tapes
—O— mono-filamentary
. —— T-filamentary

—1— 19-filamentary

2 4 6 g8 10 12 14

Magnetic field (T)

16

* Roughly missing a factor 10 in wire current density...
 Still long development route ahead but worth doing!

* H. Hosono, A. Yamamoto, H. Hiramatsu, Y. Ma, Materials today, article in press
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@ Iron Based Superconductors — long length

J. of the 115 m long 7-filamentary Sr122 tape I, of short samples, 10 m 7-filamentary Sr122 tape
1.6x10" s — 40
-
‘| B 2 ~ 355 X Zh tal. IEEE TAS
1.4x10 : - H ang et a ,
] ...-.... ..!. ... .!... ‘ 30 ‘ + 27’ No. 4’ Jun 2017
1.2x10" 4 it ] . .
— 4 < 5F N -
o~ 4 | N~ LD N
= Toew 42K 10T g I S : "
é" 8.0x10° S — 3
- = =3 1
3 bt v 4
~"6.0x10" E, b5 f
3 T 15«6 meter from one end S
4.0x10" - 5 L , ‘
3 ¢ 8
2.0x10" 4 il <
T b T 4 T 4 T \d T ¥ T ¥ 'O " 10 A A
0 20 40 60 80 100 120 5 4 6 8 10
Distance from the end (m) Magnetic field (T)

* PIT, Ar atmosphere, Nb tube, synthesis at 900 °C for 35 h

* 5r0.6K0.4Fe2As2 + 5 wt.% Sn to improve grain connectivity Up to some 150 m

* Mono-filament tape with Ag ~0.35 mm in thickness tape made

o 7-filament Sr122/Ag wires

21



@ 6. ReBCO multi-tape conductors

ReBCO Multi-Tape Cables:

* Large magnets require currents beyond the capacity of a single ReBCO tape.
 Multiple tapes combined to a high-current ReBCO cable.

* Increased stability, single tape defects are less pronounced.

e Reduction of inductive and coupling losses.

 Three main designs: Roebel, Twisted Stacked Tape Cable (TSTC) and Conductor on Round Core (CORC).

TSTC:

* Tape stack with high current density.

* Difficult to bend and long twist pitch.

* Copper shell for practical handling during magnet winding.
 Mainly designed for large-scale magnets for fusion reactors.

\,_____—' '* Roebel:

- ~~ ¢ High current density.
o - - - \ .

=== == ™ ¢ Flexible in the ‘out-of-plane’ bending direction.
,// ~ ==« Fully transposed.

/‘ Designed for compact high-field magnets.

22



@ ReBCO Roebel Cables

Developed for highest current density in a flat cable, ‘ideal for racetrack-like coils for
motors, generators, FCL, transformers......., and HEF accelerator coils

Further optimization required for strand cutting techniques and making long lengths:

Punching or Laser cutting ‘Homogeneity along strand:

300.75

T I T
SuperOx Tape A

—e— meas 1 1
300.50

300.25

300.00

transposition length (mm)

29975

Magneto-optical imaging »00 50 IRObinson Research Institute, ,, . . .

showing broken strands Punch & coat technique transposition #

I

Ny
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@ ReBCO CORC — cables and wires

N‘@w‘,.”_ TS
CORC wire

~ ~n-~®
E i CORC |

CORC cable/strand

@ 5-8 mm
(courtesy ACT)

40

qenunw | NFon

I
Hydrogen!
I I

k'l
Irreversibilitquine!

|

l \
NbySn' !

|

I \

BSCCO

|
I
! \
iy
YBCO
l l“.

——

Cooling liquids Nitrogen,
v
By

30 60
Temperature (K)

120

Dreamed conductor: easy to make, off the reel, ready to use, no-heat treatment, ‘isotropic’, flexible,
cab used like a thick NbTi wire but much better

Truly opening up massive magnet applications running at 30-50 K

Today the only thin-round wire solution is CORC-'cable’ (and variants)

Multi layers of ReBCO tapes spiraled around a core

Quest for thinner wire: thinner substrate > thinner core, 100>50>30>20 um
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@ ReBCO CORC - Cable-in-Conduit conductors

* Cable-In-Conduit Conductors (CICCs), designed for large-scale, high-current magnets as for
large outsert coils, fusion magnets and particle detectors

* NbTiand Nb;Sn conductor development close to their limits, also quest for higher
temperature & no-helium operation ---> Development of ReBCO based CICCs

* Dramatic increase in stability due to high T. enables training-free operation at 20 to 50 K

Demonstrators of several ReBCO based CICCs are being developed around the globe:

Twisted Q-IS Cable Laver

2G HTS Wires  Filler Sheath  2G HTS Wires

CERN & ACT: North China Electric Power ENEA: Twisted Stacked Swiss Plasma Center:
CORC 6-a-1 CICC University Quasi-Isotropic Conductor Round CICC Twisted Stacked Rectangular CICC
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@ Conclusion

UNIVERSITY OF TWENTE.

4 Understanding electromagnetic, thermal & mechanical behaviour of HTS, as

well as cables is key to the success of magnets.

v/ Bi2212, a round quasi isotropic wire, still developed for achieving higher critical
current density by high pressure during heat treatment, but not so practical.

v’ Bi2223 reinforced tape, mature and strong conductor for magnets, however,

presently overruled by ReBCO, may be needs to be reconsidered.

v ReBCO development in full swing, massive low-field @77K energy applications

are not supported, re-orientation towards high field magnets.

v" IBS development is trendy (in China), results are coming, but still long way to go
to achieve compatible current densities, however, deserves a serious effort.

v HTS cabling technology still in an early stage. More long demonstrators are

needed for exercising the technology and to develop mature magnet
technology.




