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ABSTRACT

Thick films (= 1 um) of YBa,Cu;0;,
were deposited by the dip-coating method
on MgO (100) substrates at room tempera-
ture. After that, superconducting films
were obtained by using the melt-annea-
ling method with different thermal treat-
ments. These films showed both different
crystalline orientations and critical cu-
rrent densities (Jc). Additionally the thick
films displayed superconducting transi-
tions (Tc) around 89.5 K and critical cu-
rrent densities = 2x10* A/cm” at 77 K and
0t. The highest Tc and Jc values achieved
were attributed mainly to the higher oxy-
gen content and the growth of larger grain
sizes as determined by XRD and SEM
analysis respectively.

Key words: melt-annealing method,
superconducting thick films.

RESUMEN

Peliculas gruesas (= 1 um) de YBa,Cu; Oy
se depositaron por el método dip-coating a
temperatura ambiente en sustratos de
MgO (100). Con el fin de obtener peliculas
superconductoras se utilizé luego el método
de fundido-recocido con diferentes trata-
mientos térmicos. Las peliculas obtenidas
asi, mostraron diferentes orientaciones
cristalinas y diferentes densidades de co-
rriente critica (Jc). Las peliculas presenta-
ron ademas, transiciones superconductoras
(Tc) de aproximadamente 89,5 K y densi-
dades de corriente critica > 2x10* A/cm® a
77 Ky Ot. Los valores més altos de Tc y Jc
logrados se atribuyeron principalmente al
alto contenido de oxigeno y al crecimiento
de granos grandes, como se determind por
los métodos de analisis XRD y SEM respec-
tivamente.
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Palabras clave: método fundido-recoci-
do, peliculas gruesas superconductoras.

RESUMO

Filmes espessos de YBa,Cu;07. (= 1 mi-
cron) foram depositados por dip-coating
de revestimento na temperatura ambiente
em substratos de MgO (100). Entdo, a
fim de obter supercondutores filmes, uti-
lizou-se a derreter-annealing método com
diferentes tratamentos térmicos. Os fil-
mes obtidos apresentaram orientacdes de
cristal um pouco diferentes, e densidade
de corrente critica (J¢). Os filmes mostra-
ram transi¢des supercondutoras (Tc) de
89,5 K e densidades de corrente critica
(Jc) = 2x104 A/cm2 a 77 K e Ot. Valores
de Tc e Jc obtidos foram atribuidas
principalmente ao elevado contetido de
oxigano e crescimento de graos grande,
determinada por DRX e MEV, respecti-
vamente.

Palavras-chave: derreter-annealing mé-
todo, filmes supercondutores de espessura.

INTRODUCTION

At present many methods have been used
for the preparation of high temperature
superconducting films. They can be divi-
ded in two basic groups: physical vapor
deposition (PVD) methods such as sputte-
ring, laser ablation, molecular beam epi-
taxy and thermal evaporation, and chemi-
cal vapor deposition (CVD) methods such
as spin coating, spray pyrolysis, Metal
organic chemical vapor deposition
(MOCVD), metal organic deposition
(MOD) and others like oxide powder in
tube (OPIT) and melting - quenching - an-
nealing (MQA) (1). In the last time tri-
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fluoroacetate (TFA-Based) solution de-
position for YBa,Cu;0,5 (YBCO) thin
films has been widely adapted to pilot
scale production (2, 3), but the incorpora-
tion of-fluorine in this process has several
drawbacks. The removal of effluent HF
gas from the reaction between the fluori-
des with water vapor during heat treat-
ment limits YBCO growth (4).

On the other side, enormous efforts
have been focused on the use of High-
temperature superconductors (HTS) in
many electrical applications. Prototype
kilometers long transmission lines have
been produced by using Bi-compounds
BiSrCaCuO (2223), with critical current
densities of 1000 A/cm* at 77 K. Howe-
ver, these conductors have basic proper-
ties that hinder their applications, such as
the presence of weak pinning and difficul-
ties to achieve a proper biaxial growth, as
observed in the fabrication of tapes by the
powder in tube method. However the
YBCO coated conductors (Second gene-
ration coated conductors) offer attractive
alternatives mainly because they present
a better behavior under applied magnetic
fields and moreover, can be produced
with a high degree of biaxial texture (5,
6). Bi-axially textured YBCO coated con-
ductors (CC) are very promising for their
applications such as superconducting ca-
bles, motors, transformers, fault current
limiters, and generators (7, 8, 9). In this
work we present the results of electric
properties of YBCO superconducting
thick films obtained by the melt - annea-
ling method as a function of different pre-
paration parameters like melting time and
temperature. The obtained YBCO super-
conducting thick films were also structu-
rally characterized by X-ray diffraction
and SEM techniques. Because of the rela-
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tive ease of this preparation method, a
goal of this work is to search out more in-
formation about the role played by these
parameters on the superconducting pro-
perties of YBCO thick films, and to find
out how to improve them.

EXPERIMENTAL

The precursor superconductor material
was prepared by the solid state reaction
method using high purity oxides Y,0;
(Fluka 99.98% purity), BaO (Fluka
99.97% purity) and CuO (Fluka 99.0%
purity) according to the reaction formula:

1/2Y,0, + 2Ba0 + 3Cu0O — YBa,Cu,0,_; [1]

Three series of thick YBCO supercon-
ductor films = 1 um were prepared by the
melt - annealing method. The thick films
were deposited from the precursor super-
conducting material by the dip- coating
method at room temperature on MgO
(100) substrates.

Different thermal treatments were
used as shown in table 1: the films of se-
ries 1 were melted at 950 °C during diffe-
rent times between 0.1 hour and 5 hours,
for series 2 the melting temperatures
were changed between 880 °C and 950
°C during 0.5 hour and for series 3 the
films were melted at 900 °C during diffe-
rent times from 0.1 hour to 5 hours. The
annealing temperature and time were
identical for all the films (500 °C and 3.5
h respectively). Finally, a film of Au - Pd
of ~ 50 nm was deposited on the top of
the films.

The samples were also characterized
electrically by resistive methods and
structural and morphological by X-ray
diffraction (Philips PW 1710 with CuKa

Table 1. Thermal treatments of YBCO thick
films.

Series Melting Annealing

1

S11 950 °C/0.1h 500 °C/3.5h
S12 950 °C/0.5h 500 °C/3.5h
S13 950 °C/1h 500 °C/3.5h
S14 950 °C/5h 500 °C/3.5h
2

S21 880 °C/0.5h 500 °C/3.5h
S22 900 °C/0.5h 500 °C/3.5h
S23 920 °C/0.5h 500 °C/3.5h
S24 950 °C/0.5h 500 °C/3.5h
3

S31 900 °C/0.1h 500 °C/3.5h
S32 900 °C/0.5h 500 °C/3.5h
S33 900 °C/1h 500 °C/3.5h
S34 900 °C/5h 500 °C/3.5h

Note: S32=S22

A = 1,54056 C radiation) and scanning

electronic =~ microscopy  (SEM-FEI
QUANTA) respectively.
RESULTS AND DISCUSSION

Figures 1 (a) (b) and (c) display the cur-
ves of normalized resistance as a function
of temperature (R/Rgg) vs. T) for all the
samples, determined by the four points
resistive method. All the films presented
superconductor transition. A metallic
behavior in the measured range of tempe-
rature was observed with exception of the
sample S11, which was attributed to oxy-
gen deficiencies. The Tc’s determined
from the maximum of dR/dT vs. T curves
and the transition widths AT (FWHG) are
shown in table 2.
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Figure 1. Normalized resistance (R/R300k)) as a
function of temperature of thick films (a) S1, (b)

As illustrated, the higher Tc’s (89.5
+ 0.1K) and the lower transition widths
(AT= 2 + 0.2K) were obtained in sam-
ples melted at 900°C during 0.5h. The ot-
her samples showed lower Tc”s and lar-
ger transition widths, which has been
attributed mainly to oxygen deficiencies.
These results correlate well with those
obtained by X-ray diffraction. It is known
that O, deficiencies produce a decrease of
Tc’s, broadening of the superconducting
transitions and an increase of the residual
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Table 2. Superconducting characteristics for
the different series of thick films.

Series Tc AT (K) R/R390k)
+ 0.10K + 0.2K + 0.05

1

S11 85.10 6.2 1

S12 86.00 3.9 0.80

S13 88.93 2.1 0.50

S14 88.80 3.2 0.70

2

S21 88.82 3.6 0.60

S22 89.50 2.0 0.07

S23 89.10 3.4 0.30

S24 86.00 3.9 0.80

3

S31 88.70 3.9 0.52

S32 89.50 2.0 0.07

S33 89.30 2.4 0.10

S34 89.00 2.4 0.42

resistance because of a reduction of char-
ge concentration and an enhancement of
impurity formation (10, 11).

It is important to note that in series 3,
the samples with Tc’s > 89K showed a
smaller c-axis parameter as determined
by X-ray diffraction, which has been co-
rrelated with a higher oxygen content
(10). Additionally, the sample S31 dis-
played a higher porosity as shown in the
morphological analysis by SEM.

Figure 2 shows the behavior of the cri-
tical current densities as a function of
temperature for the different series of
films. The values of the critical current
densities at 77K and B = O (table 3) deter-
mined by resistive methods using the 10
uV criterion, decreased markedly for the
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Figure 2. Critical current density (Jc) as a function
of temperature for the thick films (a) series 1, (b) se-
ries 2, (c) series 3.

films with less oxygen content which, co-
rrelate well with the observed supercon-
ducting characteristics of these samples,
(higher transition widths and higher resi-
dual resistances).

It is worth to not that samples with
Tc’s around 89K, (S32, S33 and S34),
however showed differences in the criti-
cal current densities. These can be attri-
buted to other factors than oxygen con-
tent, like grain sizes and porosity, as
observed by SEM analysis (table 3).

On the order hand the Jc decreased by
the application of magnetic fields perpen-
dicular to the sample’s surface, which in-
dicates the presence of weak links (12).
The highest Jc reduction was observed in
samples with less oxygen content and
smaller grain sizes between 6 and 8 um.

Figure 3 displays a typical result of
scanning electron microscopy of a thick
film (S22). It is evident the granular cha-
racter of the sample, however some diffe-
rences relating with grain sizes and poro-
sity were observed in the films as a
function of both melting time and tempera-
ture. Additionally the samples with higher
oxygen content exhibited larger grain si-
zes (~ 9 um) and a more compact surface
(less porosity), which correlate well with
their higher critical current densities.

Figure 3. Typical SEM micrographs of a thick film
(S22)
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Table 3. Critical current densities, critical temperatures and c lattice para-
meter for the thick films of series 1, 2 and 3. (S22 = S32).

Series Tc + 0.10K Je (A/em?) + 0.05 ¢ (nm) + 0.01
T= 77K

1

Si1 85.10 1.22 + 104 11.70
S12 86.00 1.49 + 104 11.69
S13 88.93 1.81 + 104 11.67
S14 88.80 1.62 + 104 11.68
2

S21 88.82 1.73 + 104 11.67
S22 89.50 2.10 = 104 11.65
523 89.10 1.86 + 104 11.66
S24 86.00 1.49 + 104 11.69
S31 88.70 1.58 + 104 11.68
$32 89.50 2.10 + 104 11.65
S33 89.30 1.78 + 104 11.66
S34 89.00 1.68 + 104 11.66

The corresponding X-ray diffraction =~ CONCLUSIONS

patterns of samples S13 and S22 (S22 =
S32) are shown in figure 4. All of them
exhibit the characteristic reflection peaks
of the YBCO (123) without a visible pre-
sence of impurities like Ba,CuQ;, BaCuO,,
Y,Cu,0s, Y,BaO, and other oxides.

As show, the samples with higher oxy-
gen content exhibit also higher orienta-
tion along the 001 direction.

The c lattice parameters, determined
by using the program DRXWIN 2.2 (see
table 3), are smaller for samples of series
3. A decreasing of c lattice parameter has
been associated with an increase of the
oxygen content (10, 13). The c decrease
correlates well with the superconducting
properties of these samples.
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Three series of YBCO superconductor
thick films (=1 um) were prepared with
different thermal treatments by the melt -
annealing method. The thick films were
deposited at first from the precursor stoi-
chiometry material (YBa,Cu;0,) by the
dip-coating method at room temperature
on MgO (100) substrates.

All the thick films presented supercon-
ductor transition in the measured range of
temperature. The higher Tc’s (89.5 +
0.1K) and the lower transition widths
(AT= 2 + 0.2K) were obtained in sam-
ples melted at 900 °C during 0.5 h. These
values are comparable with high quality
YBCO thin films prepared by other met-
hods.
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Figure 4. The corresponding XRD patterns of thick films. For comparison samples S13 and S22.
The samples with higher Tc s displa- using more sophisticated methods (1, 2,
yed the highest Jc values (~2.00 x 10* 9, 12).
A/cm?). Small differences observed in the
critical current densities of these films
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