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Fig. 1. Heat-treatment schedule: (a) Pyrolysis treat-
ment of YBCO gel films; (b) sintering treatment of
YBCO precursor films and annealing treatment of
YBCO films after Art ion beam bombardment.
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Fig. 2. Scanning electron micrographs of the YBCO films: (a) Initial sample; (b) bombardment time of 8 min

and annealing treatment; (c) bombardment time of 10 min and annealing treatment; (d) bombardment time

of 12 min and annealing treatment.
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Fig. 3. XRD spectra of YBCO films: (a) Initial sample; (b) bombardment time of 8 min and annealing

treatment; (c) bombardment time of 10 min and annealing treatment; (d) bombardment time of 12 min and

annealing treatment.
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Fig. 4. Bombardment time dependence of FWHM of
(005) peak of YBCO films.
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Fig. 5. William-Hall plots of YBCO films. Solid lines

are linear fitting for the points.
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Table 1. Internal strain, c-axis lattice parameters, oxy-
gen content, and FWHM of (005) peak of YBCO films.

. (005)

Fef ARAE/% btk AEE FWHM/(005)

Initial 0.121 11.685 6.820 0.189
8 min 0.132 11.682 6.841 0.196
10 min 0.138 11.682 6.841 0.203
12 min 0.139 11.683 6.831 0.202
5
0.140 |
— ],
0.135
X - 13 s
2 0.130 | <
0.125 -
= —41
0.120 |
1 1 1 1 1 1 1 0
0 2 4 6 8 10 12
Zif$E) /min
6 YBCO RPN (H) K i % B Lh =R (&)

W 1 7 RO B 1) PR3 A i 2%

Fig. 6. Bombardment time dependence of internal
strain (black) and critical current density ratio (red)
of YBCO films.
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Fig. 7. Schematic sketch of YBCO crystal structure: (a) Normal region without surface modification treat-

ment; (b) cascade collision region caused by ion beam bombardment and Cu—O bond deformation region

caused by internal strain after annealing.
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PEAL PR it s S PR ) S0 1)
Table 2. Various parameters of YBCO samples.

The pristine thickness of film is 200 nm; Je-un is the

critical current density of film before modification; J¢.theory is the theoretical critical current density deduced

by different thicknesses of film; Jc is the critical current density of YBCO film after ion beam surface

modification.
& it 18] /min JEE /nm Jeoun/MA-cm—2 Jo-theory/MA-cm ™2 Je/MA-cm™2
8 180 1.21 1.28 2.77
10 170 0.87 0.94 2.59
12 160 0.73 0.82 2.82
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Abstract

The interaction between ion beam and solid target is widely used in material modification. For the high tempera-
ture superconducting thin film modification, however, earlier experiments show that the samples are accompanied by the
degradation in superconducting properties due to the structural damage of materials. In order to improve surface mor-
phologies and superconducting properties of YBaxCu3zO7_s (YBCO) thin films, we introduce a new ion beam structure
modification (ISM) method. Although the ion bombardment time parameter effect is not clear, the related mechanism
should be clarified. In this paper, the bombardment processes with duration times of 8 min, 10 min and 12 min are
investigated in a vacuum chamber with an Ar™ Kaufman ion source, and the direction between the incident ion beam
and the normal of sample is fixed at a certain angle. Surface morphologies and the microstructures of YBCO samples are
characterized by scanning electron micrographs and X-ray diffraction patterns, respectively. In the respect of supercon-
ducting properties, the critical current density J. is measured by Je_scanning test. The results indicate that the needle-like
a-axis grains and pores disappear gradually with the increase of the ion bombardment time. In order to characterize
the effects of ion beam bombardment time on the internal strain in YBCO thin films, the relationship between the full
width at half maximum and the Bragg diffraction angle of YBCO (00!) peak is studied by the William-Hall equation.
The results show that the internal strain in YBCO thin film increases with increasing the ion beam bombardment time.
At the same time, the critical current density J. value of the sample after ISM processing increases, which is more
than 2.2 times higher than that of the initial sample. The main reason for the increases of critical current density J.
in YBCO thin film is due to the drastic shrink of Cu—O bond caused by the increasing internal strain. Based on the
bond contraction pair theory, the shrink of Cu—O bond improves the energy to break Cooper-pairs, and then increases
the current carrying capacity of high temperature superconducting YBCO thin film, especially in copper-oxygen (CuO2)
plane. The ISM process might be a useful method of markedly improving the surface morphology, meanwhile, the critical

current density J. value also increases in high temperature superconducting YBCO thin film.

Keywords: YBay;CusO7_g, ion beam surface modification, critical current density, bond contraction

pair model
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