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Abstract

Chemical solution techniques have been investigated for the growth of both, oxide buffer layers suitable for coated conductors
and YBa,Cu;05 thin films, on single crystal substrates. Growth conditions have been optimised for CeO, and BaZrO; buffer layers,
leading to high quality epitaxial films (misorientation spread typically below 1°). YBa,Cu305 films (thickness: 250 nm) have been
grown from trifluoroacetate precursors. The kinetic hindrances for the formation of single phases have been investigated by means
of Raman spectroscopy and fluorine analysis. After optimisation of the deposition and growth conditions very high critical currents
have been achieved (J2®=3.2x10° A/cm? at 77 K and 2.7x107A/cm? at 5 K).
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1. Introduction

Chemical solution growth of thin films has arisen as a
new very exciting opportunity for the development of
advanced functional ceramic materials. It has been
particularly shown that epitaxial thin films can be
grown on single crystalline substrates thus rising new
opportunities for many applications where the material
anisotropy or the granular character needs to be
controlled. This includes ferroelectric-based devices,
magnetoelectronic oxides, superconducting materials, etc.!

A very outstanding challenge, from the materials pre-
paration point of view, is the preparation of super-
conducting coated conductors where a biaxial texture of
the superconducting oxide needs to be reached on
metallic substrates. These metallic substrates can be
either textured themselves through metallurgical
processes, such as the RABIT technique,? or they can
have an oxide buffer template textured by the IBAD
technique,® or the so-called inclined substrate deposition
(ISD) method where the substrate is directed at a certain
angle of the deposition beam generated by pulsed laser
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deposition (PLD). Over the past years many experi-
mental techniques have been investigated to obtain
YBa,CusO; thin films, with a thickness as high as
possible, on metallic substrates. This includes PLD,
sputtering, thermal co-evaporation, CVD, Liquid Phase
Epitaxy, etc. Among these techniques, those based on a
chemical solution growth process appear as very
promising in view of the preparation of low cost
conductors.*> It is however a complex issue to reach a
full control of all the microstructural factors which may
influence the superconducting properties of these con-
ductors. It appears then very appealing to investigate
first the influence of the processing parameters on the
growth mechanisms and the microstructural develop-
ment on single crystalline substrates. In this work we
present a study of the growth of oxide buffer layers,
particularly BaZrO; and CeO,, which have a good
crystallographic and chemical compatibility with the
high T. oxide superconducting materials, and the
growth of YBa,Cu30,; by means of the so called
trifluoroacetate (TFA) route.*’

2. Experimental details

CeO, and BaZrOj; buffer layers have been grown on
(100)Y-stabilised ZrO, (YSZ) and (100)LaAlO; (LAO)
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single crystal substrates, respectively. The precursor
solutions were 2,4-pentadionate dissolved in glacial
acetic acid for Ce and Zr and Barium acetate for Ba.
The concentration of the precursor solutions was
modified in order to obtain a suitable solution and
films of the desired thickness. The solutions were
then spinned under constant acceleration at a speed
within the range 3000-6000 rpm. After a drying process
carried out at 150-200 °C for 30-60 min, a high
temperature treatment (650-900 °C) under an Ar/
5%H, atmosphere promotes the growth of single
phase layers.

Trifluoroacetate (TFA) precursors for the growth of
YBa,Cu;0, were prepared by dissolving stoichiometric
mixtures of Y, Ba and Cu acetates in an aqueous solu-
tion of 25% of trifluoroacetic acid. After drying, the
resulting blue glassy residue was dissolved in methanol
to obtain a solution of suitable viscosity, in the range
0.8-1.2 cp, allowing a uniform coverage of the substrate
during the spin coating process performed at 6000 rpm.
The concentration of the precursor solution was adjus-
ted to obtain a film thickness t~250 nm. The wet films
were calcined in three stages. First, the organic material
was pyrolysed at 400 °C and a slow rate (20 h) in an O,
atmosphere, then crystallised at high temperatures (750—
830 °C) in a humid atmosphere (PH,O=7.3%) and
PO, =20 ppmO,. It is important to stress that a humid
atmosphere is needed in both steps: (1) In the pyrolysis
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Fig. 1. (a) (111)-reflection ¢-scan of a CeO, buffer layer grown on
YSZ, inset shows the (400)-reflection rocking curve; (b) (111)-reflection
¢d-scan of a BaZrO; buffer layer grown on LaAlOs, inset shows the
(200) rocking curve.

step it prevents from Ba—-TFA evaporation by the
formation of copper hydroxyltrifluoracetate which
decomposes to CuO before evaporating, thus preserving
the initial stoichiometry; and (2) In the crystallisation
step, when the Ba-TFA has transformed to BaF, a
humid atmosphere allows the transformation to BaO
through the reaction: BaF,+H,O—BaO+2HF.
Typically 3 h allowed to complete the reaction for films
of 250 nm. In the last stage the films were oxidised at
450 °C in a dry oxygen atmosphere during 1 h to obtain
the superconducting phase.

X-ray diffraction (6/20, ®-scan, ¢-scan and pole
figures) was used to determine the phase purity and the
crystallographic texture of the films. p-Raman spectro-
scopy was used to detect the misoriented grains, as well
as impurity phases hardly detected by X-ray diffraction.
Fluorine analysis of the exhaust gases in the furnace was
performed using a selective electrode in order to moni-
tor the reaction transforming BaF, to YBa,Cu;0,
through the formation of HF. SEM and AFM were
used to study the microstructure and the surface
roughness, respectively. Finally, the superconducting
properties were studied through four-points electrical
resistivity measurements and low field dc susceptibility.
Inductive critical currents were measured with a SQUID
magnetometer. The critical currents were calculated
from the irreversible magnetization using the critical
state model which states that J3*=30 AM/2R, where
AM is the irreversible magnetization and R the radius
of the sample.

3. Results and discussion
3.1. Growth of buffer layers

After optimisation of growth conditions, careful
inspection of 6/20 scans only reveal (001) type reflections
both in CeO, on (001)YSZ and BaZrO; on (001)LAO.
Fig. 1(a) shows the (111) ¢-scan corresponding to CeO,
on (100)YSZ. The inset corresponds to the (400) rock-
ing curve (m-scan). Very small FWHM values were
typically obtained in both cases, A$p=0.27° and
Am=0.23°, indicating an excellent epitaxy. The unique-
ness of the cube on cube texture was verified by pole-
figure measurements. Similar values are obtained in
films having a thickness in the range 20-100 nm.
BaZrO; films grown on LAO also displayed excellent
epitaxial features [Fig. 1(b), Adp=1.2°, Aw=0.24°].

The evolution of the microstructural modifications
induced by changes in the growth temperature was
followed through AFM observations. Fig. 2 displays a
typical image corresponding to CeO, on (100)YSZ,
showing a nanometric grain size (®~30 nm), a very low
porosity and a surface roughness of rms~1 nm. Similar
values were achieved in the case of BaZrO; layers.
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3.2. Growth of YBa>Cu30; films

The conversion of the TFA salts into YBa,Cu305 thin
films is a complex process which involves, first, a pyro-
lysis step where the metalorganic precursors are decom-
posed at low temperature into nanometric CuO, Y,O3
and BaF,.*> The pyrolysis conditions must be opti-
mised in order to avoid compositional inhomogeneities,
as well as the generation of cracks during the thermal
shrinkage. The second reaction step occurs at high
temperatures where the decomposition of BaF, and its
reaction with the oxides leads to the formation of the
YBa,Cus;0; phase. The kinetics of this reaction is
mainly governed by the diffusion of the atomic species
and the elimination of HF.

Fluorine analysis indicated that the reaction time was
doubled when the temperature was reduced from 830 to
700 °C, when the remaining parameters were kept fixed.
p-Raman spectroscopy appeared to be a powerful tool
to clearly detect small amounts of unreacted phases,®
even when they were hardly detected in the X-ray dif-
fraction pattern. This is particularly the case of
BaCuO,, which is an impurity that probably appears as
a result of a kinetic hindrance promoted by metal
macrosegregation effects generated during the deposition
or the pyrolysis steps. We have found that the formation
of this impurity is avoided when the reaction is
performed at high temperature.

A typical X-ray diffraction pattern of an optimised
sample is shown in Fig. 3(a). No impurity phases are
detected, while the YBa,Cu30; film only exhibits (00/)
type reflections. Fig. 3(b) is a ¢-scan corresponding to
the (113) reflection. The in-plane misorientation spread
of the film is 0.6°, as revealed by the FWHM of the
peaks. The inset corresponds to the (005)-reflection
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Fig. 2. AFM image of the surface of a CeO, buffer layer grown on
YSZ.
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Fig. 3. (a) 6/20 X-ray diffraction pattern of a YBa,Cu;O; film
deposited on a LaAlO; substrate; (b) (113)-reflection ¢-scan. Inset
shows the (005)-reflection rocking curve.
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Fig. 4. SEM images of the surface of two YBa,Cu305 films grown at
700 °C (a) and 830 °C (b). Note that in (b) no residual porosity is
observed.
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Fig. 5. (a) Temperature dependence of the electrical resistivity in
YBa,Cu;0; thin films grown at different temperatures displaying
different concentrations of pososity; (b) Temperature dependence of
the critical currents J3°(T) in a high quality YBa,Cu30; thin film.

rocking curve, indicating an out of plane misorientation
spread as small as 0.4°. These results indeed demon-
strate that an excellent degree of epitaxy can be
achieved by the TFA process.

Interestingly, the increase of the reaction temperature
during the growth process not only has beneficial effects
avoiding the formation of impurities, but also has
proved to have a tremendous influence on the final
microstructure, in particular the porosity, and the
superconducting properties of the samples. A typical
example is presented in Fig. 4, where two SEM images
of the surface of two samples annealed at 700 °C (a) and
830 °C (b) are shown. In both cases the annealing
duration was adjusted such as to ensure the completion
of the reaction. The differences in the pore concen-
tration in both samples are evident.

A quantitative indirect determination of this effect
was performed through measurements of the electrical
resistivity in the normal state. As it may be observed in
Fig. 5(a), the slope of the temperature dependence of
the resistivity and the residual resistivity are enhanced in
the samples with higher porosity, thus indicating that
the percolative behaviour of current is hindered in such
disordered films. The resistivity observed at 300 K in the
samples having a low porosity, (300 K)~300 uSQcm,
along with the high resistivity ratio p(300 K)/p(100
K)=3.3 are typical features of high quality thin films.

In this figure we can also observe that the transition
temperature 7.,~90 K was not modified by the annealing
temperature.

Finally, the critical currents of the YBa,Cu3;0; thin
films were measured inductively by using a SQUID
magnetometer. The critical currents were found to be
very sensitive to the residual porosity of the films. Very
high J2% values were measured, instead, in samples
showing no residual porosity. As it can be seen in
Fig. 5(b), at zero field these samples displayed very high
critical currents (J8*=3.2x10° A/cm? at 77 K and
2.7x107A/cm? at 5 K). It is worthy to mention that such
high performances in YBa,Cu3O, thin films usually
require the use of vacuum techniques. Therefore, the
present work further supports that chemical solution
growth techniques have the potential to become
competitive, from the performance point of view,
with those techniques. We also note that in the
present work no special refinement process of the
metalorganic precursors was applied, as it was described
in other works.®

In conclusion, we have demonstrated that a careful
understanding of the influence of the wide variety of
process parameters involved, allows the deposition of
high quality buffer layers and superconducting YBa,.
Cu30; thin films from chemical solutions on single
crystal substrates. More importantly, the present work
strongly supports that further insights into the influence
of the processing parameters on film quality will allow
the extension of this low cost technique to chemically
based coated conductors.
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