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Low temperature superconducting
wire/ full commerecialization
metal NbTi (Nb,Sn etc.)

Middle temperature superconducting
wire/commercial exploration
compound MgB./Fe-based

1G high temperature
superconducting tape / medium-term
commercialization
oxide Bi2223/Bi2212

2G high temperature superconducting

tape / early commercialization

oxide REBCO

B 1 (LR () I SE AR T A s S T 0 e A e [

Figure 1 (Color online) Illustration and cross-section images for several practical superconducting materials
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Table 1 Technology routes, composition and performance for international industrial partners

[2,6,14,16-18]

4 mm i H PE

23] BB 55
(A) (77K, s.f)

3 E AMSC RABiTS/MOD NiW/Y,0,/YSZ/CeO,/Y(Dy)123 80~110
2% [E SuperPower IBAD/MOCVD Hastelloy/A1,05/Y,03/MgO/LaMnO5/Gd 123 90~160
HAxSWCC IBAD/MOD Hastelloy/Gd,Zr,07/Ce0,/Y(Gd)123 ~150

F 75 Fujikura IBAD/PLD Hastelloy/Al,05/Y,05/MgO/Ce0,/Gd123 ~220
e ,ﬁ.ﬁSuperOx IBAD/PLD(MOD) Hastelloy/Al,05/Y,03/MgO/LaMnO;/CeO,/Gd123 100~150
i [§] SUNAM IBAD/RCE Hastelloy or Stainless steel/Al,03/Y,03/MgO/LaMn0O5/Gd123 ~200

8 E THEVA ISD/RCE Hastelloy/MgO/Dy(Gd)123 100~200
7 ED~NANO RABiTS/MOD NiW/Y,0:/YSZ/CeO,/Y123 ~100
g RO S IBAD/MOD Hastelloy or Stainless steel/Al,03/Y,03;/MgO/LaMO3/RE123 90~170
i IBAD/PLD Hastelloy/Al,05/Y,0:/MgO/Ce0,/Y 123 >100

T NE A B ST T IBAD/MOCVD Hastelloy/Al,05/Y,05/MgO/CeO,/RE123 >100
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Figure 2 (Color online) Effect of gas flow rate on nucleation potential and orientation of MOD thin film growtl
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Figure 3 (Color online) Kilometer-class production line for MOD 2G-HTS tapes. (a) Processing illustration; (b) reel-to-reel processing facilities
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Figure 4 (Color online) XRD measurement for MOD long-length tapes. (a) Conventional 8-286 scans showing the c-axis oriented; (b) ¢ scans show-
ing the in-plane texture within 3.1°; (c) £2scans showing the out-of-plane texture within 1.3°
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Figure 5 (Color online) Critical current distribution of MOD long-length tape for 12 mm-wide and 4 mm-wide after split. (a) Critical current distribu-
tion along the MOD 500 m long tape (tested by Tapestar, Germany product); (b) critical current distribution for commercial MOD 4 mm-wide tape; (c)
commercial product with insulation
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RE123 thin film™'*

AT FI N 5007 340 4 18 HL A AR G FA) il T LR

Wt AN B TR LR IRA T RE123
S P e S5 b 38 80 S T il S 4 A 3 2 v, A 2
BC 75 3 10 N 0 36T LR 1% 2 0 TS £ i 8 0 14 5% 1Y
R A9 N T AT LD RS A,
TEIBOIR 2L MU A | A% H BRI ik R AL S RE123
AHHE T Y RE, O3 I BaMOs(M=Zr, Sn, Hf%5 0 %)M45
B g ey, ef—BAS AR RS, R
R ' SE P S A S R S

h T AH2G-HTSH M REASF BT 32 (R, $2
AR AR X G AT T i mim T LR U
10D RN . AT AR GE o A5 R RO R A B 4R,
RE123 i [ 7E Y 20 DX Bl A0~ 7 il 3 1) g am 4 T
T AR TR eGE (&7). Horb 52 ELANLA
T Bay YNbOGAHFE it ) Fo3k £ 7 8132 5% /932.3 GN/m”
(75.5 K), BN TR A REEETFLN TIREER0N. 13
[ PR 7 15 K 27 K BaZrOs 8 4% 1 %% J 45 &5 3 15%,
RE123 7 B/ 5T+ ) % BEAE#E 5 AT S T2 T &iik
1700 GN/m*4.2 K), JNbTif & 47+ J1 %5 B 9 100
1%[8,3%34]'

WM AR A R 2O, S AR
I D5 T S5 W FE il 7 Ta) B AR B, T8 AR 4 A 3
M ET LA B 5% g TR  AG G S IR i
J 4546 (OD) R 38 &7 4L O A FE L 45 1) S A9 IDAE IR
sERIR S AR, TR S EEOINA R T 1) ) R T
FLAEHI(EIS6).

T FAEAMOD, RECT. 2., —MELLSE B A
HAER 1D R MR, AT 4n b R A AR S AR



iF

25004 YBCO MOCVD ( ;
4.2 K Bl e and VD (Houston)
.3 —a— YBCO+7 5% BZO MOCVD (Houston)
—+= YBCO+15% BZO MOCVD (Houston)
2000 == YECO+Y203 PLD (Tallahasses)

—— NbTi (Wisconsin)

400

"= 15004

/m®)

(GN.

= 1000

F

5004

o
-

B 7 (MEEROR () % EEBZOB 28 RE1 23 WK B ET$L 01 % BZ REA M
FTRES IR ), SR IX RE123FE B VA7 b F i 5T 3L
#EILF] 1700 GN/m’

Figure 7 (Color online) Parallel field dependence of flux pinning force
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pinning force as high as 1700 GN/m’**!
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High-field magnet application is one of most driving forces for the development of high temperature superconducting (HTS)
materials. Recently, the magnet consisting of ReBa,Cu;0;_sbased coated conductors (RE123, also called as secondary-generation
high-temperature superconducting tapes, 2G-HTS) has exhibited the magnetic field as high as 26.4 T, over than the limit of
conventional NbTi-Nbs;Sn magnets. As well, an overall superconductor magnet consisting of a 2G-HTS magnet inserted into
the background with low temperature superconducting magnetic field of 17 T gave rise to the magnetic field up to 32 T, reach-
ing a new world record with regard of all superconductor magnets.

In reality, these breakouts take place thanks to the latest advances in practical HTS materials, showing the promising future
for power applications. The great advantages and promising prospects of RE123 coated conductors over than other practical
superconducting materials have spurred the related researches and rapid development of this field worldwide recently. The fur-
ther development, however, will depend on the fundamental properties, producing yield, and optimum performance/price etc.

In the present paper we give a brief introduction to RE123 coated conductor and its typical structure, as well as main tech-
nical routes for the scale-up preparation. We introduce the status and development for RE123 coated conductors around the
world, including the existing research institutions and technologies they employed. In past decade, people have tested a variety
of thin film techniques to realize the biaxial textured RE123 coated conductors epitaxially grown on flexible metallic tapes. For
the most institutions working on the preparation of RE123 coated conductor, both IBAD and RABiITS have been used as popu-
lar technical routes due to their availability of long textured substrates, the feasibility of controlled buffer growth and the poten-
tial for cost-effective processing.

At the same time, various thin film coating techniques including sputtering, pulse laser deposition (PLD), metallorganic
chemical vapor or solution depositions (MOCVD, MOD) are employed to prepare the coated conductors for both buffer layers
and superconducting layers. Particularly, some emerged MOD technologies for preparing superconducting layer with organic
addition into the precursor solution or reduced fluorine content precursor solution have been addressed, due to their great poten-
tial for a cost-effective and rapid technical route to prepare RE123 coated conductor.

It is also demonstrated that the considerable efforts for artificial flux pinning in RE123 coated conductor by introducing na-
noparticles and substrate surface decoration have effectively improved the J. value of RE123 under applied magnet field. The
thickness effect of 2G-HTS is also an important issue, because in most case the critical current density would decrease while
the thickness of superconducting layer increases. Such an effect may be suppressed with controlled techniques and microstruc-
tures or compositions. The coated conductors may maintain good biaxial texture as the thickness of superconducting layer in-
crease from 1 to 5 um, leading to huge increase in current-carrying capability of resultant 2G-HTS tape.

It is believed that the mechanical properties of 2G-HTS tape are better than 1G-HTS tape, which is very important during the
magnet coil winding. Excessive stress relief or Lorentz force would make coils split or deformed. To improve the anisotropy
and mechanical properties, people have designed various types of practical conductors with RE123 tape stacks or metal tubes
covered. Moreover, the welding technique of 2G-HTS tape is investigated due to importance on improving the usage rate of
short tapes.

In summary, the present review introduces the state of the art of 2G-HTS tape and relevant key science and technical issues,
including the technical routes, artificial flux pinning, field dependence and thickness induced degradation of critical current
density, joint technologies, as well as power applications, especially in the field of HTS magnet.

high-temperature superconductors, superconducting strong magnet, secondary-generation high temperature
superconducting tape, flux pinning
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