
J Supercond Nov Magn (2015) 28:3281–3284
DOI 10.1007/s10948-015-3201-8

ORIGINAL PAPER

The Effects of Elements Doping on the Properties of YBCO
Epitaxial Films Prepared by Chemical Solution Deposition

Hong Zhang1 ·Yong Zhao1,2 ·Wen Tao Wang1 ·Yong Zhang1

Received: 10 June 2015 / Accepted: 6 August 2015 / Published online: 18 August 2015
© Springer Science+Business Media New York 2015

Abstract YBa2Cu3O7−δ (YBCO)-coated conductors have
wide-ranging potential in large-scale applications such
as superconducting magnets and superconducting electric
cables, but low current carrying capability restrains the prac-
tical application of YBCO-coated conductors at high tem-
peratures and high magnetic fields. It is crucial to develop
YBCO-coated conductors with high flux pinning capabili-
ties. In this paper, YBa2Cu3−xFexO7−δ (x = 0, 0.0005,
0.001, 0.002, 0.005) and YDyxBa2Cu3O7−δ (x = 0 ∼ 0.5)
films were prepared on a LaAlO3 (LAO) single crystal
substrate via a fluorine-free polymer-assisted metal organic
deposition (PA-MOD) method. The effects of elements dop-
ing on the properties of YBCO in different positions of the
lattice were investigated. The superconducting critical tem-
perature (Tc) decreases, and the superconducting transition
width broadens with the Fe and Dy doping. However, the
critical current densities (Jc) improve at 77 K with Fe dop-
ing quantities of xless than 0.005 and Dy doping quantities
of x less than 0.5. It means that the current carrying capa-
bility of a YBCO film can be improved by doping with
appropriate amounts of Fe and Dy.
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1 Introduction

Recently, worldwide attention has been paid to the prepa-
ration of YBa2Cu3O7−δ (YBCO)-based coated conductors,
i.e., the second-generation tapes, because of their wide-
ranging potential in large-scale application such as super-
conducting magnets and superconducting electric cables
[1–7]. Major approaches for fabricating YBCO-coated con-
ductors include physical methods and chemical methods.
Compared to the physical methods, chemical methods [8–
12] are low cost and suitable for commercial application
in the future. In this paper, YBCO films were prepared
using a non-fluorine chemical solution deposition method
which was devised in our laboratory [13–15]. However,
the large-scale application of YBCO-coated conductors in
superconducting magnets, generators, motors etc. is pre-
vented because of relatively low current carrying capability
with increasing magnetic field and temperature. Therefore,
enhancing the Jc is crucial for the practical applications of
the YBCO-coated conductors at high temperatures and high
magnetic fields. Chemical doping is a promising fabrication
technique to create specific pinning landscapes in YBCO-
coated conductors [16–19]. Studies have confirmed that rare
earth elements dope to the A-O layer of the YBCO lattice
and they replace each other between the rare earth ions.
Because of the different ionic radius of rare earth, some
micro structural defects such as dislocations, stacking faults,
and twins are produced in the superconductor. These defects
can serve as effective flux pinning centers and improve the
critical current density of the superconductor [20]. Also,
incorporation of impurities such as Co, Fe, Ga, Zn, Ni etc. to
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the Cu sites of YBCO can significantly increase the critical
current density vs magnetic field (Jc −H) characteristics of
hightemperature superconductor bulks [21–23]. The impu-
rity doping to the CuO chain enhances flux pinning by
lattice deformation but also results in a decrease of super-
conducting critical temperature [21]. There are few reports
about the doping effects in YBCO films [24, 25], especially
those prepared with fluorine-free metal organic deposition.

In this paper, the YBCO films were prepared on a
LaAlO3 (LAO) single crystal substrate by a fluorine-free
polymer-assisted metal organic deposition method [13].
Superconducting properties of Dy and dilute Fe-doped
YBCO films were investigated. And the Jc of YBCO films
were improved by this different elements doping method.

2 Experiments

Dy-doped Y1−xDyxBa2Cu3O7−δ (x = 0, 0.3, 0.5) and Fe-
doped YBa2Cu3−xFexO7−δ (x = 0, 0.0005, 0.001, 0.002,
0.005) films were deposited on a LaAlO3 (LAO) single
crystal substrate using a fluorine-free method [13]. The pre-
cursor solutions were synthesized by dissolving acetates of
dysprosium, in addition to acetates of yttrium, barium, and
copper, in propionic acid with x = 0, 0.3, 0.5. Other pre-
cursor solutions were synthesized by dissolving acetates of
iron, in addition to acetates of yttrium, barium, and cop-
per, in propionic acid with x = 0, 0.0005, 0.001, 0.002,
0.005. Then, polyvinyl butyral was added into the solu-
tions, which were subjected to continuous stirring to adjust
the viscosity in order to obtain the final coating solutions.
The final cation concentrations of the solutions both are
0.6 M. The solutions were coated to LAO using a spin
coater with a rotation speed of 6000 r/min and dried at 150–
200 ◦C for 5–10 min. The coated samples were fabricated
in humid Ar/O2 mixture gas at 160–500 ◦C for 11 h and
then fired at 770–800 ◦C in dry Ar/O2 mixture gas for 1 h.
Finally, the samples were annealed in dry O2 gas at 400–
450 ◦C for 1 h. The obtained Y1−xDyxBa2Cu3O7−δ and

YBa2Cu3−xFexO7−δ coated films were about 500 nm in
thickness.

A Philips X’Pert MRD diffractometer with Cu-Kα radi-
ation was used to record the θ–2θ X-ray diffraction (XRD)
patterns. Superconducting transition and magnetic hys-
teretic loop were measured by Quantum-Design SQUID
XL. The Jc value of the YBCO film was determined using
the Bean critical state model formula.

3 Results and Discussion

Figure 1 shows the typical θ–2θ X-ray diffraction pat-
terns of YBa2Cu3−xFexO7−δ (x = 0, 0.0005, 0.001, 0.002,
0.005) films and Y1−xDyxBa2Cu3O7−δ (x = 0, 0.3, 0.5)
films. As can be seen, only (0 0 l) YBCO reflection peaks
were detected, excluding the peaks of the LAO single crys-
tal substrate. This indicates a strong c-axis orientation for
all films.

Figure 2 shows the normalized magnetic susceptibility vs
the temperature for YBa2Cu3−xFexO7−δ (x = 0, 0.0005,
0.001, 0.002, 0.005) films and Y1−xDyxBa2Cu3O7−δ

(x = 0, 0.3, 0.5) films. The insert shows the superconduc-
tivity critical temperature as a function of doping level x.
It is found that the superconductivity critical temperatures
of YBa2Cu3−xFexO7−δ and Y1−xDyxBa2Cu3O7−δ films
decrease with Fe doping and Dy doping. When the value
of x = 0.005 for YBa2Cu3−xFexO7−δ , the Tc value
is 1.2 K smaller than that of pure YBCO film. For
Y1−xDyxBa2Cu3O7−δ , the decrease of the Tc value is no
more than 0.3 K even if x = 0.5. It can be seen that
a small amount of Fe doping can cause a great decrease
of Tc; however, the large amount of Dy doping hardly
affects the Tc of YBCO. The significant decline of Tc by
doping of the Fe may be due to the direct iron substitu-
tion for copper in the Cu-O chain of the YBCO lattice.
The substitution affects the oxygen vacancies which play
an important role in determining the transport properties
of YBCO [21]. These weakly superconducting phases are

Fig. 1 Typical X-ray diffraction
θ–2θ patterns of a
YBa2Cu3−xFexO7−δ (x = 0,
0.0005, 0.001, 0.002, 0.005)
films and b
Y1−xDyxBa2Cu3O7−δ (x = 0,
0.3, 0.5) films
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Fig. 2 Normalized magnetic
susceptibility vs the temperature
for a YBa2Cu3−xFexO7−δ

(x = 0, 0.0005, 0.001, 0.002,
0.005) films and b
Y1−xDyxBa2Cu3O7−δ (x = 0,
0.3, 0.5) films. The insert is the
superconductivity critical
temperature as a function of
doping level x
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embedded in the high superconducting YBCO matrix, and
thus show a large broadening on the R-T curve. The super-
conducting transition width reached the maximum for the
YBa2Cu2.998Fe0.002O7−δ . With the increase of Fe doping,
the Tc of the whole YBCO matrix decreases and the broad-
ening of superconducting transition is reduced. However,
when Dy is doping into the A-O layer of the YBCO lattice,
the rare earth ions can be replaced by each other. Because
it is the substitution of equal valence ions, the effects on
Tc are very small [20]. At the same time, the supercon-
ducting transition width broadens for all the doped samples
and the superconducting transition width reached the max-
imum of Y0.7Dy0.3Ba2Cu3O7−δ samples compared with
the Y0.5Dy0.5Ba2Cu3O7−δ samples. It has been found that
RE-doped YBCO can produce a small number of weakly
superconducting Y24 phases [26, 27] which broadens the
superconducting transition width. As mentioned above, the
superconductivity of the doped YBCO films exhibits differ-
ent degrees of decline because of the Fe and Dy doping to
the different position of the YBCO lattice.

Figure 3 shows the magnetic field dependence of critical
current densities Jc for YBa2Cu3−xFexO7−δ (x = 0, 0.0005,
0.001, 0.002, 0.005) films and Y1−xDyxBa2Cu3O7−δ

(x = 0, 0.3, 0.5) films with the magnetic field parallel
to the c-axis. The Jc values of Fe-doped YBCO films pos-
sess higher values than those of pure YBCO films at 77 K,
except for the sample with x = 0.005. In particular, The

Jc values of the sample with x = 0.002 reached the max-
imum. Fe doping to the Cu-O chain of the YBCO lattice
come into being lattice deformations, such incorporation of
weak superconducting impurities can be flux pinning cen-
ters and enhance the critical current density vs magnetic
field (Jc − H) characteristics [21]. The optimal critical
current density value can be achieved by the appropriate
quantity and density of pinning centers in the YBCO. How-
ever, excess incorporation of impurities greatly disrupted
the superconductivity of the YBCO and the current trans-
port properties declined. For the Dy-doped YBCO films,
the Jc values of the sample with x = 0.3 possess higher
values than those of pure YBCO films. However, the Jc val-
ues of the sample with x = 0.5 decrease compared with
the pure YBCO films. Dy doped to the A-O layer of the
YBCO lattice and produced some micro structural defects
such as dislocations, stacking faults, and twins in the super-
conductor. These defects can serve as effective flux pinning
centers and improve the critical current density of the super-
conductor [20]. The excess of such defects greatly disrupted
the superconductivity of the YBCO and the current trans-
port properties declined. Also as mentioned in the previous,
Y0.7Dy0.3Ba2Cu3O7−δ samples have the maximum super-
conducting transition width and Jc is also the maximum. It
is perhaps due to the presence of a second phase such as Y24
phases causing some extra pinnings and further research and
confirmation of the experimental evidence are also required.

Fig. 3 Magnetic field
dependence of critical current
densities for a
YBa2Cu3−xFexO7−δ (x = 0,
0.0005, 0.001, 0.002, 0.005)
films and b
Y1−xDyxBa2Cu3O7−δ (x = 0,
0.3, 0.5) films, T = 77 K
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From the results of the above, it means that Fe
doping level x = 0.002 and Dy doping level
x = 0.3 are the optimal doping levels for the
YBa2Cu3−xFexO7−δ (x = 0, 0.0005, 0.001, 0.002, 0.005)
films and Y1−xDyxBa2Cu3O7−δ (x = 0, 0.3, 0.5) films.
As 77 K is a feasible temperature for application of YBCO
superconductors by using liquid nitrogen, these improved
Jc values are significant. It means that the current carrying
capability of YBCO film can be improved by doping with
appropriate amounts of Fe and Dy.

4 Conclusions

In this paper, from the investigation of the Fe and Dy doping
effects on the properties of YBCO films, it can be seen that
the Tc decreases and the superconducting transition width
broadens with the Fe and Dy doping. Jc improves at 77 K
with an Fe doping level of x less than 0.005 and Dy doping
level of xless than 0.5.
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