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Abstract YEuxBa;Cuz 6O7_s5(x = 0, 0.1, 0.3, 0.5) thin
films were prepared on buffered substrates by trifluoroac-
etate metal organic deposition (TFA-MOD). The europium-
doped film showed better out- and in-plane texture than
the pure YBayCus 6O7_s thin film and special topography.
In the meantime, the superconducting transition tempera-
ture 7, was improved with the increase of europium content
and spanned a small range when x = 0.5 doping lev-
els. Besides, the J. value was obviously enhanced with
europium addition, and YEup3BayCu3z 6O7_s showed the
best superconducting properties under self-field. Further-
more, the J. value was obviously improved under magnetic
field, and the enhanced flux-pinning properties was also
observed in europium-substituted samples which may be
attributed to the good grain connections and the effective
flux pinning centers introduced by europium addition. The
thickness of prepared film samples were approximately 400
nm. The structure of samples were characterized by x-ray
diffraction (XRD), Raman spectrum was used to investigate
the crystallization and growth orientation, and the surface
morphology of films were got by field-emission scanning
electronic microscopy (FE-SEM). Moreover, energydisper-
sive spectroscopy (EDS) was utilized to determine element
composition. Spatial distribution of J. of the film was
obtained by mapping analysis of inductive measurement at
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77 K. And the superconducting properties under magnetic
fields were measured by magnetic property measurement
system with a SQUID magnetometer.
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1 Introduction

YBa;Cu307_5 coated conductors (CCs) are high-current
conductors that display outstanding performances in the
respect of temperature and magnetic field and the most
promising materials for motors, generators, transformers,
and superconducting magnetic energy storage systems and
so on [1, 2]. However, the low-current densities with
increasing the magnetic fields and temperatures prevent the
large-scale applications of CCs. Many great breakthroughs
in the CCs research have been achieved recently [3-5].
These results have illustrated that introduction of proper
artificial flux pinning centers can distinctly improve the
current carrying capabilities of CCs. Among these present
techniques, the critical strategies to enhance J. mainly
include substrate surface decoration [6-8], impurity addi-
tion [9—11], rare earth (RE) addition or substitution [12—15],
and combined methods [6]. Among these strategies, RE
addition is one of the most promising approaches for its
valuable advantages such as high efficiency and easy con-
trol. REBa;Cu3z07_, (RE: Nd, Sm, Gd, and Er) films had
been studied [6, 14, 16], which led to improvement in the in-
magnetic-field current density of the conductor. Moreover,
itis reported that the addition of RE>;O3 (RE: Y, Dy, and Ho)
can also produce nanoparticles with a size range of 10-50
nm and enhance the flux pinning properties [17, 18].
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Among various technologies used for the deposition
of REBCO films, trifluoroacetate metal organic deposi-
tion (TFA-MOD) has several advantages such as low cost,
epitaxial growth applicability, precise controllability of
the chemical composition, and easy application to large
substrates. And recently, the optimization for the TFA-
MOD method to prepare yttrium barium copper oxide
(YBCO) CCs has spurred its commercialization. However,
the complex reaction process of TFA-MOD requires pre-
cisely controlled parameters to achieve high-performance
YBCO films [19]. Some reports determined the complete
decomposition reaction by the released gases during metal—
trifluoroacetate thermal decomposition [20]. Although the
chemical reaction path prior to high-performance pure
YBCO nucleation has been extensively studied, many
details of the process are still unclear. Especially when
high-performance YBCO films are prepared by impurity
addition using TF-MOD process, the precursor evolution of
nanoparticles of this process is still an open question. The
knowledge of the precursor evolution is essential for the
YBCO-coated conductors with competitive superconduct-
ing performance.

In this work, YBCO superconductor films with europium
(Eu) addition were successfully prepared on buffer layer
substrates by a TFA-MOD process, whose J can reach 2.52
MA/cm? (77 K, 0 T). We also carefully investigated the flux
pinning characteristics of Eu-doped YBCO film through a
comparative study with the pure YBCO film. In addition, a
preliminary analysis of the growth mechanism of the doped
film was carried out.

2 Experimental

YEuxBayCusz 607_5(x = 0, 0.1, 0.3, 0.5) thin films were
prepared on buffered substrates by TFA-MOD. Y, Eu, and
Cu acetates were dissolved into propionic acid and deion-
ized water, the atomic ratio of the element Y and Eu equals
to 1:0.1, 1:0.3 and 1:0.5 Ba acetates were dissolved into
trifluoroacetic acid and deionized water, and the solutions
were stirred for 2 h at room temperature. Then, the solu-
tions were refined by distillation process to yield blue glassy
residues, and the blue glassy residues would be dissolved
into methanol. The solutions were refined for three times in
order to remove water, TFA, and propionic and acetic acid
impurities. Finally, methanol was added into the solutions
to adjust the solution concentration to 2.5 mol/L.

All thin films were prepared on hast/Al,03/Y,03/IBAD-
MgO/Epi-MgO/LMO buffer layer substrates by dip coating
method. Then the precursor films were put into a hightem-
perature tube furnace for pyrolysis treatment, which was
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Fig.1 a Typical 6-26 x-ray diffraction patterns of pure and Eu-doped
YBCO films with different doping levels. b The FWHM values based
on (006) omega-scan and ¢ (103) phi-scan rocking curves of pure and
Eu-doped YBCO films
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Fig. 2 Raman spectra of pure and Eu-doped YBCO films with
different doping levels

followed by a crystallization process in flowing atmosphere
of humid oxygen/nitrogen mixture. Finally, the as-grown
thin films were annealed at 450° in flowing oxygen for
60 min.

The Empyrean x-ray system was used to record the
6-26XRD patterns, which characterized the phase purity of
the films. The texture analyses including w-scan and ¢-scan
were performed using the Empyrean x-ray equipped with a

Fig. 3 SEM micrographs of a
pure and b Eu-doped YBCO
films withx =0.1,¢x =0.3
anddx =0.5

fourcrystal monochromator. Raman spectroscopy (INVIA)
is used to verify the c-axis grains are dominant. The
microstructure analyses were performed by field-emission
scanning electronic microscopy (FE-SEM) which is also
utilized to get further information of surface morphology.
Energy-dispersive spectroscopy (EDS) was applied as the
preferred method to identify the presence of elements and
their composition. Spatial distribution of the J. value was
obtained by mapping analysis of inductive measurement by
self-field at 77 K. The superconducting properties under
magnetic fields were measured by magnetic property mea-
surement system with a SQUID magnetometer. The J.value
of the films at 70 K was determined by the Bean critical
state model formula using the M—H curve.

3 Results and Discussion

Figure 1a shows the x-ray diffraction 6-26 patterns of Eu-
doped YBCO films with x = 0, 0.1, 0.3, and 0.5. As it can
be seen all derived thin films are in (00/) orientation, indi-
cating that all thin films show well c-axis orientation. In
addition, we can detect the EuBCO phase at about 25° when
doping Eu element.

In order to further examine the texture, w-scan and
@-scan rocking curves have been documented in Fig. 1b, c.
The typical w-scan rocking curves of pure and Eu-doped
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films around the (006) peak are performed in Fig. 1b
to estimate the quality of out-of-plane alignment. The
full width at half maximum (FWHM) of (006) peak are
1.227°, 1.122°, 1.128°, and 1.069° for YBa;Cu3O7_s,
YEug Ba;Cus 607_s, YEug3BayCusz 6O7_s and
YEug 5BayCu3 6O7_; films respectively showing the good
out-of-plane alignment. Figure 1¢ shows the ¢-scan curve of
(103) face of the films, and the FWHM are 2.882°, 2.836°,
2.728° and 2.617° respectively, which indicates the good
in-plane alignment. The results demonstrate the successful
preparation of biaxially textured Eu-doped and pure YBCO
films. In addition, it also reveals the better out-of-plane and
in-plane alignment when adding Eu element.

Figure 2 shows the results of Raman microprobe mea-
surements on the pure and Eu-doped YBCO films with dif-
ferent doping levels. As previously pointed out, the presence
of both the O**/03~ out-of-phase mode and the O* mode in
the same scattering geometry signifies the presence of both
c-axis and a-axisoriented grains. If 1p24/03-/Ip4 > 1, the
formula suggests that the c-axis grains are dominant. In the
case of films such as Ip24/03-/1p4 < 1, the formula sug-
gests that the a-axis grains are dominant. As is shown in the
graph, all the O* modes are very weak, the films show main
c-axis growth which is consistent with x-ray 6-26.

Figure 3a—d show the surface morphologies of pure and
Eu-doped YBCO films with different doping levels. It can
be seen that the surface morphologies are smooth in density
and crack-free. Meanwhile, many special nanoparticles and
solid holes can be found on the surface of Eu-doped YBCO
films, which is different from the case in pure YBCO graph.
Besides, these nanoparticles are regularly scattered across
the film surface. The dimensions of the particles on the Eu-
doping film are larger than the pure YBCO films. Based on
the above analysis, the presence of these nanoparticles and
solid holes are probably due to the formation of EuBCO
phase. In order to further observe the surface structure,
AFM images of YBayCu3 ¢O7_s and YEug 5BayCuz 607_s
thin films had been obtained As shown in Fig. 4, the
YEug 5BayCujs ¢O7_s thin film tends to be more smooth and
regular than the pure YBayCu3 ¢O7_; film.

The compositions and elements ratio of these particles
on the YEup3BayCuz ¢07_s film surface are determined
by EDS spectra. It is found that the nanoparticles in the
film contain Eu in Fig. 5a. Moreover, the distributions of
europium are uniform rather than clustered together. The
element content on the surface of the YEug 3Ba;Cuz 6075
film is in accordance with the original stoichmetric ratio as
given in Fig. 5b.

Typical results of the temperature dependence of magne-
tization for pure and Eu-doped YBCO films are shown in
Fig. 6. As can be seen, all the films show relatively small
superconducting transition width, elucidating the existence
of pure and homogeneous superconducting phase. And the
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(a)

Fig. 4 AFM images of the a YBayCu3607-5 and b YEugs
Ba;Cuz 607_s thin films

superconducting transition width tends to decrease with
the doping levels which indicates the europium doping
into the YBCO film. In addition, the critical temperatures
improve with increasing doping levels (see in the inset of
Fig. 6). X-ray diffraction analyses reveal the presence of
amounts of EuBCO phase with relatively higher 7, and Eu
doping will increase the concentration of the hole carri-
ers in Eu-doped YBCO films, which may be cooperatively
responsible for the improved 7, with the doping levels.
Figure 7 shows inductive J. mapping graphs of specimens
deposited on pure and Eu-doped YBCO films with different
doping levels at 77 K. The average and maximumJ, val-
ues of YEug3BayCusz 07_5 were 2.29 and 2.52 MA/cm?,
respectively, which are higher than the other films. The data
indicates that J. of the superconductor films improved with
europium addition.

As can be seen in Fig. 8, YBCO film with
x = 0.3 displays the best J.—H behavior at low-field.
But the J. of YEug3BayCu3gO7_s is lower than the
YEup 5Bay;Cus 607_s film above 0.2 T at 70 K. Even so,
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Fig. 5 a EDS maps of Y, Ba, (a)
Cu, O, and Eu elements on the
surfaces of
YEug 3BayCusz 6075 film
(color online). b EDS spectra of
point scanning on the
YEup 3BayCus 6075 films in
order to confirm the element
content

YEu, ;Ba,Cu; 0, ;

OKa1 CuKa1

YLa1

(b)

the films with Eu addition have a higher J.—H property
than that of pure film in all fields. The above results suggest
that the J.—H behavior can be remarkably enhanced by Eu
doping in YBCO films.

The mechanism for the remarkable improvement of crit-
ical current density can be explained by the improved
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Fig. 6 Temperature dependence of magnetization for pure and Eu-

doped YBCO films with different doping levels. Inset is the Eu doping
level dependence of T,

Bala1t Eulat

Spectrum
Weight % Atomic %
23.27 63.07
30.18 20.60
10.71 5.22
28.87 9.12
6.98 1.99

microstructure and quite strong flux pinning in Eu-doped
YBCO films. As revealed by microstructural analyses in
Figs. 1 and 3, dilute Eu doping of YBCO film leads to
the smoother surface microstructure and good out-of-plane
and in-plane alignment. This means Eu doping plays an
important role in enhancing the epitaxial growth of YBCO
films. Besides, Eu doping to YBCO will result in the lattice
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Fig. 7 Inductive J. mapping graphs of specimens deposited on pure
and Eu-doped YBCO films with different doping levels at 77 K
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Fig. 8 Magnetic field dependence of J. for pure and Eu-doped YBCO
films at 70 K

deformation because of different ionic radius. As a result,
the superconductivity was locally suppressed by the oxygen
vacancies through the lattice deformation. Therefore, the
lattice deformation introduced by Eu doping is suggested
to act as the effective pinning centers in Eu-doped YBCO
films.

To better understand the essential Eu-doping effect
on flux pinning properties of YBCO films, it is neces-
sary to make further studies such as transmission electron
microscopy observation and transport measurements. Addi-
tionally, detailed researches like the influence of different
doping elements on flux pinning properties of YBCO films
were carried out in our group.

4 Conclusion

Biaxially textured pure and Eu-doped YBCO films about
400 nm were prepared on buffered substrates by TFA-MOD
method Eu-doped YBCO films showed better out- and in-
plane texture and exhibited the special morphology. The T
and diamagnetic signal increase with the doping levels. The
in-filed J. values are significantly improved by Eu doping
with x = 0.1, 0.3 and 0.5, and the film with x = 0.3 has the
best performance by self-filed and in low-field. However,
the J.—H behavior for film with x = 0.5 is better than x =
0.3 above 0.2 T at 70 K. The high performance of Eu-doped
YBCO films can be explained by the good grain connec-
tions as well as the effective flux pinning centers introduced
by Eu doping. These results indicate that Eu doping is a
perspective way to essentially improve the current carrying
capability of YBCO films.
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