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Fig. 1. The structure of EuBCO superconducting strip.

U ALO, BHES)Z | Y,05/MgO ZZ 2 LaMnO,
)2 . CeO, AMNEZ VI KB L0 1.5 pm 1Y
EuBa,Cu30; 5 72, JHHH 1.5 pm JEAHR)Z 3
TP, M g tn s 1 R, RAPUER R LR
WA 10 mm x5 mm ARE S THE A,

2.2 HetBEFiRER

FIFH AL R 2 A Wy B8 5 A0 R [ K o S 52
% 4.5 MV IV &, fEE iR 525 %X E
MR EuBCO A 4T Het B FHRIRSLE, &1
REHEN 1.4 MeV, Fi HRA B R PEIU I 0, 5
FERFFI AT B S H IR, 435158 5% 101,
5% 10, 5x10' ions/cm?. ifid SRIM-2013 F 45
PNV R R L 1 - 22 A 00 40 DX ) - 247
PHREZ M 0.01, 0.1 A1 1 dpa (B IR
i dpa FoR dnis b Y I 8% 2 & i iR da
E U Ak BRI R 22 ). B 2 g
SRIM #48l Het B T3 &4 5x10'¢ ions/cm? K} Y
400 18 R S0k BE B R B2 Y 43 A1, 3R W] 1.4 MeV 1Y
He 5 1 U 4 IR BEA B R BN 3 2, 4
HRBI0 5 He B Mk B2 W (1 IX BEAC b T8 52 23 o
(] [X 32§,

2.0 ‘ ‘ 2.0
—— dpa
— He concentrah:ion
Ler {115 o
5o
S~
o
1.2} 9
el
g 411.0 ‘E
< 0.8 3
g
410.5 ©
0.4 F EO

0 05 10 15 20 25 3.0 35
Depth/pm
A2 Het®FHIET dpa S0k B B R B 10 50 A
Fig. 2. Distribution of dpa and helium concentration with

depth under He" ion irradiation.
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Fig. 3. Microscopic structure of undoped/doped EuBCO strips: (a) TEM image of the superconducting layer of undoped strip;
(b) TEM image of superconducting layer of doped strip; (c¢) high-resolution image of BHO nanocolumns in the superconducting lay-
er of doped strip; (d) large localized bending strain and numerous stacking faults around BHO large particle in doped strip;
(e) EDS-mapping images of the large BHO particle in Figure (d).
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Fig. 4. Electrical properties of undoped EuBCO strip with different irradiation doses: (a) M-H curves at 33 K; (b) J-B curves at
33 K; (c) F,-B curves at 33 K; (d) normalized J-B curves for before and after irradiation.
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Fig. 5. Electrical properties of doped EuBCO strip with different irradiation doses: (a) M-H curves at 33 K; (b) J-B curves at 33 K;

(¢) Fy-B curves at 33 K; (d) normalized J-B curves for before and after irradiation.
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characteristic field with irradiation doses: (a) J(B)/J. (B = 0 T)-B curves; (b) changes in «; (c) changes in B* .

087401-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 73, No. 8 (2024) 087401

H—14k J.-B #h &7 WA~ 0 T AR — 2L
J. B BRARHFAE 20%—40% Z 18], X — 7 1 1t 1
77 KN4 IR AR R AT FLACR 55 T 4K
BHO kL, 55 —J5 AR 48k BHO AHAE J 45 1)
SRR BRETFL PO, FLVCEL SN, (IR HERHRET L
w18 25 B A S5 SR T ) AT A5 AT FL SO B A

N J VT =1 L=
A LR AR 52 i SR B )
1.0
(a) —e— 5x10' jons/cm?
- 5X 10 ions/cm?
E 0.8+ —+— 5X10'6 ions/cm?
2
"
S
~
E ?\
Z 04"
] a8 Am
£ f"i hnt | ’X'/
g (s
02} A
£
ol A
0 1 2 3 4 5 6 7
B/T
1.0
(b)
Py Sy,
e —————
E 4 1
£ Y _....\.1"&1
;06 ¥ ;
H l
~
3
5 04}
= 02t —e— 5x 10 jons/cm?
5x 10" ions/cm?
—#— 5x10'6 ions/cm?
0 L . ’ A

0 1 2 3 4 5 6 71
B/T

B7 PR R AE 77 KON B RS A L R T A 03— 1k

J-BHiZk (a) K4 EuBCO #7#1; (b) 244 EuBCO #itf

Fig. 7. Normalized J-B curves at 77 K of two types of

strips for before and after irradiation: (a) Undoped EuBCO
strip; (b) doped EuBCO strip.
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Fig. 8. Changes in Raman spectra of two types of strips
after lowest and highest irradiation dose.
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Fig. 9. TEM images of undoped strip after irradiation (5x
10% jons/cm?): (a) Low-magnification TEM image of super-
conducting layer; (b) distribution of helium bubbles in the
peak damage region.
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Fig. 10. TEM images of doped strip after irradiation (5x

10' jons/cm?): (a) Low-magnification TEM image of super-
conducting layer; (b) distribution of helium bubbles in the

peak damage region.
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Fig. 11. The effect of BHO doping on the evolution behavior
of helium bubbles: (a) High-resolution atomic image of
BHO particles and EuBCO matrix under aberration trans-
mission electron microscopy; (b) the adsorption of helium
bubbles on the BHO interface; (¢) schematic diagram of lo-
calized strain induced by the second phase of BHO in the

superconducting layer.
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Fig. 12. Normalized J-B curves of different doses of irradiated strips after annealing compared to before annealing: (a) Undoped

EuBCO strip; (b) doped EuBCO strip.
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Fig. 13. Evolution of irradiation defects in undoped and doped strips after annealing: (a) Distribution of helium bubbles in the peak

region after annealing of undoped strip irradiated with 5x10'° ions/cm?; (b) morphology of helium bubbles around BHO doping

phase; (c) 1D linear helium bubbles formed along stacking faults; (d) schematic diagram of magnetic flux pinning evolution during

irradiation and annealing processes.
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Effect of doping on evolution of He™ ion irradiation defects
and superconductivity in EuBa,Cu30;_;
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Abstract

Rare-earth barium copper oxide (REBCO) as a representative of the second-generation high-temperature
superconducting materials possesses superior physical advantages such as high critical magnetic field, elevated
critical temperature, and superior current density, which has been applied to many domains. Although the
introduction of non-superconducting nanoscale particle dopants, as a critical method, can enhance the magnetic
flux pinning capability of REBCO strips, the effect of the doping on the performance change and microstructure
evolution of the strips under irradiation is ignored. In this work, undoped and 3.5% BaHfO; (BHO) doped
EuBa,Cu30; 5 strips are investigated in the room-temperature irradiation experiments (1.4 MeV He™ ions) with
three distinct doses of 5x10", 5x10', and 5x10' ions/cm?, respectively. Electrical performance tests reveal
that the undoped strips exhibit a slight increase in J, after the low-dose irradiation. However, with dose
increasing, J, decreases by over 60%. In contrast, doped strips experience a significantly smaller decline in J,
ranging only between 30% and 40% at high-dose irradiation. Raman spectroscopy and transmission electron
microscopy characterizations confirm that the defects induced by He" ion irradiation lead to amorphization and
structural disorder within the superconducting layers, which is the primary reason for the decline in the
superconducting properties of the strips. The results show that the introduction of localized strain through BHO
nanophase in the superconducting layer changes the migration and aggregation behavior of irradiation-induced
defects, repairing the damaged superconductor structure. Furthermore, the field dependence and temperature
dependence of J, of doped strips are irradiation-resistant due to BHO nanocrystals as strong pinning centers.
Additionally, unlike the superconducting properties of the REBCO strips that can be repaired through oxygen
annealing after neutron or heavy ion irradiation, the electrical properties of the two types of strips irradiated
with high doses of He' ions in this work are further deteriorated after being annealed. It is worth noting that
compared with the undoped strip, the localized strain generated by BHO in the doped strip inhibits the size
growth of helium defects in the three-dimensional direction at high temperatures, which changes the magnetic
flux pinning characteristics and delays the disorder and amorphization of the superconducting layer structure
caused by the severe growth of helium bubbles. This study provides a reference for the application of REBCO
superconducting strips in the irradiation environment.

Keywords: REBCO superconducting strips, irradiation damage, critical current density, characterization of

microstructure
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