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Abstract— In this paper, we report a strong enhancement in
the in-field transport properties of the YBa,Cu;0;; (YBCO)
thin films doped with magnetic Fe,O; nanoparticles. We incor-
porated magnetic Fe,O; nanoparticles with two different archi-
tectures by laser ablation of the YBCO and dopant targets.
YBCO film thickness was controlled at around 1 pm for all the
samples. We conducted a detailed microstructural characteriza-
tion on all the doped samples by X-ray diffraction (XRD) and
cross-sectional transmission electron microscopy (TEM) and
compared with the pure YBCO films. The pinning properties of
these doped YBCO films were explored at different tempera-
tures (5K, 40K, and 65K) and correlated with their microstruc-
tural characteristics.

1. INTRODUCTION

The introduction of nanoparticles into YBCO films has been
demonstrated using a variety of methods to enhance the flux
pinning properties of YBCO coated conductors. [1]-[4] In
addition to acting as flux pinning centers by themselves, the
nanoparticles can also create defects, such as strain fields
surrounding the particles, stacking faults, and dislocations,
which could potentially enhance the flux pinning. Depending
upon the processing method, the composition, pinning mate-
rial content, size, and distribution all determine the effective-
ness of the nanoparticles for the flux pinning enhancement.

Recently, efforts have been made to incorporate differ-
ent magnetic nanoparticles with various architectures, either
by laser ablation of a composite target through premixing the
superconductor and dopant powders, or by alternative growth
of the superconductor and dopant targets to enhance the in-
field flux pinning properties. [5]-[8] In this work, we observe
a strong improvement on the Fe,O3; doped YBCO thin films
by alternative growth of pure YBCO and pure Fe,O; layers,
We conducted a systematic study on the microstructural and
physical properties of these Fe,O; doped samples and ex-
plored the correlation between their flux pinning properties
and their microstructural characteristics at three different
measurement temperatures.

II. RESULTS AND DISCUSSION

The detailed sample information, including the doping ar-
chitecture, T, and J. self-field values, are listed in Table I.
The Fe,O; nanoparticles deposited on YBCO layer (sample
1) only slightly lowered the T¢; while, the case with a Fe,O;
buffer layer (sample 2) indeed lowered the T, about 6K. XRD
normal scans (not shown here) and TEM study (Fig. la and
1b) both confirmed that the high quality growth of YBCO
films. In Fig. 1a, it is obvious that a very thin (~10nm) but

distinguishable Fe,O; layer coated (marked by dashed line)
on the top of high quality YBCO thin film. In Fig. 1b, it
clearly shows several small Fe,O; nanoparticles (~2-5nm in
diameter, marked as arrows) randomly distributed inside the
epitaxial YBCO matrix. The insets are the corresponding
selected area electron diffraction (SAED) patterns, which
indicate the high quality epitaxial growth of both YBCO
films on STO substrate.

TABLE I transport data for the samples (1-3)

Sa%) le Sample information Te I @ 65K
Fe,0; deposited on 5

1 YBCO/STO 88K 1.58 MA/cm
YBCO on Fe,05 2

2 buffer layer on STO BaK 118 MA/em
3 Pure YBCOonSTO 0 3.50 MA/cm?

as a reference sample 1.00 MA/cm’ (75K)
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Fig. 2 Cross-sectional TEM images of (a) sample 1 and (b) sample 2. The
insets are the corresponding SAD patterns.
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Fig. 2 The EDS Fe-K line profiles for Sample 1 and 2

We conducted detailed chemical analysis using EDS line
scans. Fig. 2 a and b show the EDS Fe-K line profiles for
sample 1 and sample 2, respectively. It confirms the distribu-
tion of Fe,O; on the top of the YBCO thin film in sample 1
and Fe,O; dispersed in YBCO thin films (especially 500nm
or above) in sample 2.


HP_Administrator
Text Box
IEEE/CSC & ESAS European Superconductivity News Forum (ESNF), No. 7, January 2009
Extended Abstract of Presentation 2D.06 at CCA08, Houston, TX, December 4-6, 2008


The normalized critical current density as a function of the
applied magnetic field (J;" ™ measured at 5K, 40K and 65K,
H//c) for the doped sample 1 and 2 are plotted in Fig.3, 4, and
5, respectively, and compared with the reference sample
(sample 3, pure YBCO film).
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Fig. 3 Normalized critical current density as a function of the applied mag-
netic field (3" ") measured at 5K for all three samples.
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Fig. 4 The normalized critical current density as a function of the applied
magnetic field (J." ") measured at 40K for all samples.
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Fig. 5 The normalized critical current density as a function of the applied
magnetic field (J."™") measured at 65K for all samples.

Overall, both doping architectures (sample 1 and 2) dem-
onstrate better pinning properties than the pure YBCO film,
however at different temperature regimes. At low tempera-
tures, the YBCO film uniformly doped with Fe,O; shows
better in-field performance. At high temperature range, the
YBCO film with Fe,O; on top shows a much better in-field
performance than the pure YBCO film. This might be directly
related to the different vortex line structures and pinning

mechanisms at different temperature regimes. The buffer
layer approach introduces a very uniform distribution of
Fe,0; nanoparticles in YBCO matrix. It is possible that these
uniformly distributed magnetic particles interact well with the
closely spaced vortex lines at low temperatures and therefore
demonstrate a better performance than the surface doping
case. While at high temperatures, the magnetic particles on
the YBCO top surface pin the vortex lines better. Further
study on the interaction between the magnetic nanoparticles
and the YBCO vortices is needed to fully understand the pin-
ning mechanisms of these systems.

III. CONCLUSION

High quality YBCO thin films doped with Fe,O; nanopar-
ticles were deposited on STO substrates with two different
architectures to explore the flux pinning effects introduced by
magnetic nanoparticles. At 65K and 40K, the sample with
Fe,O3 nanoparticles deposited on top of the YBCO matrix
shows a significantly enhanced pinning performance than
pure YBCO film. At 5K, the sample with uniformly doped
Fe,O3 nanoparticles demonstrates a better pinning property
than the surface doping architecture.
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