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The contributions of defect structures to the critical currents of YBa>CuzO7.s (YBCO) superconductors
have been studied extensively [1]. Coated conductors, long-length conductors produced by deposition of
YBCO onto textured templates, exhibit excellent performance in part due to a complex pinning
landscape produced during growth. However, it may be possible to improve upon their already
impressive performance. Recently, Leroux et al. demonstrated an efficient method to enhance the in-
field critical current by using oxygen irradiation to introduce additional defects into YBCO coated
conductors [2]. However, the microscopic details of the defects induced by oxygen irradiation remain
obscure. We used diffraction contrast and high-resolution transmission electron microscopy (TEM) to
help elucidate the nature of these defects.

The introduction of defects was realized by irradiating coated conductor samples with 0% jons beams
using a process that is compatible with manufacturing needs. Some pieces of these samples were also
annealed to explore the evolution of defect structures. TEM specimens were prepared using a FIB lift
out technique followed by low energy Ar ion milling to eliminate any FIB-induced defects. The defect
structures were imaged by TEM using two beam diffraction contrast conditions and by high-resolution
imaging.

Fig.1 shows the defect morphologies for pristine, as-irradiated, and irradiated plus annealed samples
imaged under two beam diffraction contrast conditions {002} (a, c, €) and {200} (b. d. f). All samples
show discrete rare-earth precipitates and some stacking faults that are produced in the growth process of
these coated conductors. Aside from those pre-existing defects, the YBCO matrix of the pristine sample
is relatively clean and free of small defects (a, b). After irradiation, a high density of new defects was
observed, appearing as small dots or short lines. These defects appeared sharper and more linear in the
{200} imaging condition compared to {002}, suggesting the possibility that they are dislocation loops. It
is very likely that there are also many smaller defects produced by the irradiation, such as point defects,
that are invisible to TEM. Fig. 2b shows a high-resolution image from the region marked with the
dashed square in Fig. 2a. The main defects observed in this area were dislocation loops, as shown in the
filtered images (c and d) in which the extra plane is visible. Upon annealing, many of the smaller point
defects disappeared, while the linear defects tended to be somewhat larger (e and f compared to ¢ and d).

Considering all of these results, we conclude that the irradiation used here is effective in introducing
new defects into the pinning landscape of coated conductors. Many of the defects are small dislocation
loops, but it is likely many point defects are also produced. The annihilation and merging of defects is an
important part of the evolution of the defect landscape during annealing [3].
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Figure 1 Diffraction contrast
images showing the
~ morphologies of the defects
in pristine (a, b), as-
irradiated (c, d) and irradiated
¥ plus annealed samples (e, f).
(@ (c) (e), {002} two beam
| condition; (b) (d) (f), {200}
. two beam condition.
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Figure 2 (a) Bright field image of the annealed sample. (b) HRTEM image taken from the dashed area

in (a). (c) FFT filtered image of (b). (d) Enlarged image of the dashed area in (c). Three dislocation
loops are marked with dashed ellipse.

https://doi.org/10.1017/51431927616008308 Published online by Cambridge University Press


https://doi.org/10.1017/S1431927616008308

