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Abstract Various artificial multilayers consisting of YDy0.2
Ba2Cu3O7−ε/RE2O3/YDy0.2Ba2Cu3O7−ε films (RE = Y,
Gd, Eu, etc.) about 1 μm in a sandwich-type structure are
fabricated on oxide-buffered Hastelloy substrates using low-
fluorine metalorganic deposition (MOD) method. Super-
conducting and microscopic performances are studied on
composite YDyBaCuO multilayer films with and without
intercalated Y2O3, Gd2O3, and Eu2O3 ultrathin films. X-
ray diffraction (XRD) and field emission scanning electron
microscopy (FE-SEM) are used to investigate growth ori-
entation and surface morphology, revealing that multiple
superconducting YDyBaCuO thin films separated by an
ultrathin RE2O3 interlayer have better c-axis orientation,
better in-plane and out-plane textures, as well as superior
surface morphology. Using this interlayer technology, a sig-
nificant enhancement of critical current density (Jc) both in
self-field and under applied magnetic field is obtained.
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1 Introduction

The development of second-generation (2G) REBa2Cu3
O7−δ (RE = Y, Gd, or other rare-earth elements) high-
temperature superconducting (HTS)-coated conductors has
achieved great progress, for their potential applications in
generators, motors, and transformers [1, 2]. High criti-
cal current (Ic) is a crucial issue for wide applications of
2G high-temperature superconducting wires. Fabrication of
thick films with high critical current density (Jc) is neces-
sary in order to obtain high Ic. However, the critical current
density (Jc) of YBCO films decreases with increasing film
thickness [3, 4]. Several possible reasons for the so-called
“thickness effect” of Jc have been proposed, including
the accumulation of various defects in HTS films, the
increase of roughness and porosity, a-axis-oriented growth,
the degradation of texture, and oxygen deficiency [5]. In
order to overcome the thickness effect, strong artificial
modification appears necessary and significant [6].

Many methods have been developed to overcome the
thickness effect, including substrate decoration [7], doping
with secondary phases [8], and multilayers with ultrathin
interlayers [9]. At present, investigation of the current car-
rying ability of separate HTS layers and related ultrathin
interlayer architectures of this type is topical. The most
suitable interlayers are SrTiO3 [10], CeO2 [9], REBCO
[11], and Y2O3 [12]. The incorporation of Y2O3 interme-
diate layer by pulsed laser deposition (PLD) gives rise to
significant effects on superconductive and microstructural
properties of YBCO HTS films [13, 14]. However, the
research on RE2O3 interlayer effects on metalorganic depo-
sition (MOD)-YBCO films is still limited. The present work
is devoted to various artificial multilayers of YDyBaCuO
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Fig. 1 Model of YDyBaCuO bilayer films with and without RE2O3
interlayer

Fig. 2 Optical microscopy
images of pyrolyzed
YDyBaCuO monolayer film. a
Pure YDyBaCuO. bWith Y2O3.
c With Gd2O3. dWith Eu2O3

Fig. 3 AFM images of pyrolyzed YDyBaCuO monolayer film. a Pure YDyBaCuO. bWith Gd2O3
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Fig. 4 a XRD θ–2θ patterns for bilayer YDyBaCuO films with
and without RE2O3 thin films. b Phiscans of YDyBaCuO films. c
Omegascans of YDyBaCuO films

with and without inserted RE2O3 layers, on buffered Hastel-
loy substrates (Hastelloy/Al2O3/Y2O3/IBAD-MgO/epi-Mg
O/LaMnO3) by the low-fluorine MOD method.

2 Experimental

The RE2O3 coating solution was prepared by dissolving
RE propionate in methanol. The RE cation concentration
was 0.1 mol/L. To get the YDyBaCuO precursor solution,
stoichiometric quantities of Y, Dy, and Cu acetates were dis-
solved in propionic acid and water; Ba acetate (Y/Dy/Ba/Cu
= 1:0.2:2:3.3) was dissolved in trifluoroacetic acid and
water. The next step in solution preparation was refining
the solution by drying and redissolving in methanol sev-
eral times. This process removed the excess acetic acid,
water, and other impurities from the solution. Finally, the
Y, Dy, Ba, and Cu solutions were mixed, evaporated, and
diluted in methanol to control the viscosity. The YDy-
BaCuO precursor solution’s total cation concentration was
2.0 mol/L.

Then, the YDyBaCuO precursor films were deposited
on LaMnO3/MgO/Y2O3/Al2O3/Hastelloy substrates by dip
coating. The coated gel films were heated from room tem-
perature to 550 ◦C in the presence of moist oxygen to get
the amorphous decomposed films. The decomposed films
were then coated with RE2O3 solution. The coated films are
decomposed below 400 ◦C in humid oxygen atmosphere.
The decomposed films were then coated again with YDy-
BaCuO solution as mentioned above. Coated films were
decomposed again as mentioned earlier. The crystallization
was performed at 780 ◦C for 120 min in a humid mixed
N2/O2 atmosphere. The oxygen partial pressure was 150
ppm. Finally, the films were annealed at 450 ◦C for 1 h in
a dry oxygen atmosphere. For reference, pure YDyBaCuO
bilayers without ultrathin RE2O3 interlayer are prepared
under the same processing conditions as well. The coated
YDyBaCuO bilayers with and without the inserted ultrathin
RE2O3 layer are illustrated in Fig. 1. The film thickness
was measured by a Bruker Dektak XT stylus. The thickness
for all present films was ∼ 1 μm. The bilayer YDyBaCuO
film with RE2O3 was about several nanometers thicker than
the pure YDyBaCuO film. The phase and texture analysis
of YDyBaCuO films was investigated by X-ray diffraction
(XRD). The surface morphology of YDyBaCuO films was
observed by field emission scanning electron microscopy
(FE-SEM). The self-field critical current densities of the
films were inductively measured by a Cryoscan system at 77
K. The superconductive properties under applied magnetic
field were determined by magnetic property measurement
and the extended Bean’s critical state model.
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Fig. 5 SEM images of
YDyBaCuO bilayer films with
and without ultrathin RE2O3
interlayer. aWithout RE2O3.
b With Y2O3. c With Gd2O3.
d With Eu2O3

3 Results and Discussion

The surface morphologies of pyrolyzed YDyBaCuO mono-
layer films with and without RE2O3 observed by optical
microscopy are shown in Fig. 2. The surface of all present
films is crack-free without bucklings or pores. But, the
surface of pure YDyBaCuO is rough with several pencil-
like shapes. In comparison with pure YDyBaCuO, the
YDyBaCuO films with RE2O3 modification are smooth
as shown. Furthermore, the number of pencil-like shapes
seems to be reduced by RE2O3 modification, suggesting
that RE2O3 modification may result in a high-quality sub-
sequent YDyBaCuO layer. In order to further observe the

Fig. 6 Inductive critical current density (Jc) at 77 K, self-field. Inset
is the with and without RE2O3 dependence of Jc

surface morphologies, AFM images of pyrolyzed YDy-
BaCuO monolayer films with and without RE2O3 have
been obtained. The pyrolyzed YDyBaCuO monolayer films
with Gd2O3 film tend to be more smooth and regular than
the pyrolyzed YDyBaCuO monolayer films without RE2O3

film as shown in Fig. 3.
X-ray diffraction analysis is performed to determine the

orientation and texture of YDyBaCuO films. As shown
in Fig. 4a, no peaks other than YDyBaCuO and buffer
reflections were detected for these films. All the derived
films have sharp and strong (00l) peaks without undesirable
phases, but RE2O3 was hardly detected. The XRD 2θ pat-
terns of YDyBaCuO films with and without RE2O3 make

Fig. 7 Jc versus applied magnetic field, at 77 K, H |c
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little difference, except that the (00l) peaks of YDyBaCuO
with RE2O3 are stronger, suggesting that YDyBaCuO films
with RE2O3 have better crystallization. To further examine
the texture of YDyBaCuO films, phi-scans and omega-
scans are documented in Fig. 4b, c. Four symmetric peaks
with high intensity can be observed in their phi-scanning
and omega-scanning patterns, indicating their good in-plane
and out-plane textures. The full width at half maximum
(FWHM) values of YDyBaCuO are reduced by RE2O3

modification, revealing that RE2O3 modification leads to
higher texture.

The surface morphology of crystallized YDyBaCuO
bilayer film is also changed by RE2O3, as shown in Fig. 5.
All the films are crack-free without any a-axis-oriented
grains. Compared with the dense surface of RE2O3-
modified YDyBaCuO films, bigger grains and more pores
are observed on the surface of pure YDyBaCuO film, which
may lead to poor current carrying properties.

The critical current density in self-field at 77 K improves
by RE2O3 modification, as shown in Fig. 6. The Gd2O3-
interlayered YDyBaCuO shows the highest performance,
which may be attributed to the improved texture, crystal-
lization, as well as microstructure. The dependence of the
Jc on magnetic field at 77 K, B//c is shown in Fig. 7.
Jc decreases in an external field. Compared to the pure
YDyBaCuO sample, the Jc values of the RE2O3-modified
samples decrease slowly with increasing magnetic field,
especially that of the Gd2O3-modified sample, indicating
that the incorporation of RE2O3 interlayer may introduce
more pinning defects. Yet, there are some other reasons con-
tributing to flux pinning, such as voids, dislocations, and
boundaries [15]. The relationship between flux pinning and
Jc is complex, and more work will be done in our future
studies.

4 Conclusion

In summary, bilayer 1-μm-thick YDyBaCuO films are
successfully fabricated by low-fluorine MOD method. A
significant increase in the current carrying ability both in
self-field and under applied magnetic field is achieved by
adopting the ultrathin RE2O3 interlayer architecture, which
might be beneficial to prevent degradation of microstruc-
ture and texture of YDyBaCuO films with increasing
film thickness.
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