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The YBa2Cu3Oδ �lms were obtained directly on the polished silver substrates by the sedimentation process.
Thickness of these �lms is of the order of several tens micrometers. The temperature dependences of the resistance
and the AC susceptibility of the �lms were measured and analyzed. The critical temperatures of these specimens
vary from 89 K to 91 K and they do not depend on the annealing temperatures. The critical currents were
calculated from AC susceptibility measurements using the Bean's model.

PACS: 74.72.�h, 74.25.F, 74.25.Ha, 74.25.Sv

1. Introduction

Silver foils are typically used as a coat of superconduct-
ing material in superconducting tapes and wires, partic-
ularly of the thallium or bismuth based high temperature
superconductors [1�3]. They may be also used as the sub-
strates for superconducting �lms. The direct deposition
of YBCO �lms on silver substrates without any bu�er
layers is one of the most promising and low-cost method
of production of the superconducting tapes [4]. Silver
turned out to be the only metal on which YBCO can be
deposited without any bu�er layers because it does not
react with YBCO and �lls the pores and empty spaces
between the grains [5]. However, the silver substrate may
in�uence the deposited superconducting material due to
the sublimation processes of silver at the high sintering
temperatures as well as due to crystal mosaics which are
formed on a silver surface at high temperatures. This
problem is particularly important in the case of YBCO
high temperature superconductors because they require
high sintering temperatures up to 950 ◦C to obtain good
superconducting quality properties. Unfortunately, our
attempts to sinter the YBCO �lms on the Ag substrate
at such high temperature failed, due to a damage of the
layer. On the other hand, the thallium and particu-
larly BiSCO superconductors can be typically sintered at
lower temperatures and silver is successfully applied for
manufacturing the superconducting tapes [6]. Silver also
enables using high pressures for pressing the supercon-
ductors, which is very important for achieving the good
quality polycrystalline superconductor.
In this paper we present results of resistance and AC

susceptibility measurements of YBCO thick �lms de-
posited on silver substrate and sintered at temperatures
of 925 ◦C and 915 ◦C. The thickness of the �lms is about
90 µm and 80 µm respectively which is typical for the su-
perconducting tapes rather than for the superconducting
�lms. The aim of this work is to examine the properties
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of YBCO superconductors sintered at lowered tempera-
tures and deposited on silver substrate.

2. Sample preparation

YBCO polycrystalline samples were prepared with the
standard powder solid-state reaction technique. It con-
sists of mixing of the copper and yttrium oxides and the
barium carbonate in appropriate amounts. The mixed
powders were divided into two parts which were sin-
tered at 925 ◦C or at 915 ◦C respectively. They were next
treated separately. After sintering they were cooled down
in a �owing oxygen to the temperature of 400 ◦C within
the period of 4 h. After the one hour oxidation the sample
was cooled down to the room temperature in 2 h. Both
fractions were two times re-grinded and re-sintered. The
heat treatment was repeated separately for each of these
parts to prepare the pure phase powder. After the �nal
regrinding, the powder was pressed into the pallets with
the pressure of 1 GPa. The rest of the YBCO powder
was used to form the YBCO thick �lms on the silver
substrate.
YBCO powder was mixed in the isopropanol to make

the powder suspension in alcohol. Then it was left for
10 minutes and after the largest grains had fallen down
only the suspension of very smaller grains was poured
into another vessel. A polished silver plate was placed on
the bottom of the vessel. After the alcohol evaporated
the YBCO powder formed a �lm on the Ag surface. The
�lm was pressed with the pressure of about 0.3 GPa and
then the sintering procedure was repeated for thin �lm
together with the YBCO pallets at 915 ◦C and 925 ◦C.

3. Results

The resistivity and AC susceptibility measurements of
YBCO pallets sintered at the temperatures of 925 ◦C and
915 ◦C are presented on the Fig. 1 and Fig. 2, respec-
tively. They show a good quality of the superconducting
material.
The temperature dependencies of the resistance shown

in the Fig. 3 exhibit distinct drop at temperatures near
90 K clearly visible on the signi�cant silver metallic back-
ground. The dispersion (χ′) and the absorption (χ′′)
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Fig. 1. Resistance vs. temperature for YBa2Cu3Oδ

pallets sintered at temperatures as indicated.

Fig. 2. Temperature dependences of AC susceptibility
taken at 0.5 Oe Hac amplitude of the YBa2Cu3Oδ pal-
lets sintered at temperatures as indicated.

parts of AC susceptibility measurements presented in
Figs. 4. and 5 assure that the �lms do not form sepa-
rate superconducting islands but they are rather super-
conducting in the whole volume. The absorption part of
the AC susceptibility exhibits in general two peaks: the
small one close to the critical temperature which is con-
nected with the absorption processes in the grains (see

Fig. 3. Resistance vs. temperature for the YBCO �lms
deposited on the silver substrate.

the arrow in Fig. 4) that does not practically depend on
the applied magnetic �eld. The second, dominating peak
concerns to the inter-granular regions moves fast to the
lower temperatures when the applied magnetic �eld is in-
creased. The temperature dependencies of the dispersion
parts of AC susceptibility do not depend on AC magnetic
�eld amplitude in the vicinity of the critical temperature
and these curves are split at the temperature below about
90.3 K.

Fig. 4. Temperature dependences of AC susceptibility
for YBCO �lm sintered at 915 ◦C , measured at di�erent
Hac amplitudes. The arrow shows the intra-granular
peaks that practically do not depend on the applied
magnetic �eld.

Fig. 5. Temperature dependences of AC susceptibility
for YBCO �lm sintered at 925 ◦C , measured at di�erent
Hac amplitudes.
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These measurements show that we do not loose the
superconducting properties in consequence of deposition
superconducting powder onto Ag surface and sintering
it together. From the susceptibility measurements the
intergrain critical temperature de�ned at the maximum
χ′′ (Hac → 0) is about 88�89 K while the intra-grain
critical temperature de�ned for χ′ = 0 is only about 1 K
higher.

Fig. 6. Intergrain critical current densities versus tem-
perature of the YBa2Cu3Oδ �lms deposited on Ag, sin-
tered at 915 ◦C and 925 ◦C. Solid lines are the �t to
Eq. (2).

The temperature dependence measurements of the ab-
sorption part of AC susceptibility at di�erent Hac am-
plitudes were carried out to evaluate the critical current

densities of the �lms. They were obtained from the peak
position of the absorption part of susceptibility within
the Bean's critical state model from the formula [7, 8]:

Jc =
2Hac

d
, (1)

where Hac is the AC magnetic �eld amplitude and d is
the sample thickness in the perpendicular direction to
the AC �eld. The results of inter-grain critical current
densities calculations for the �lms sintered at 915 ◦C and
at 925 ◦C are presented on the Fig. 6.

The critical current �ows through the inter-grain links
which may be treated as Josephson junctions (weak
links). The critical current is limited by the weakest junc-
tions on the percolation path of the current. According
to the Ginzburg�Landau strong coupling limit approach,
the critical current varies with temperature in the follow-
ing manner [9]:

Jc = Jc0

(
1− T

Tc

)n

, (2)

where Tc is the critical temperature that depends on the
applied magnetic �eld and Jc0 is the critical current at
0 K. Originally, the exponent n was determined to be
1.5 [10] but it may vary within a wide range [11]. If the
exponent n is greater than unity there is a strong pin-
ning and the vortex glass structure exists. In this case
the function expressed by Eq. (2) has an upward curva-
ture which is typical for HTS. If the exponent n is less
than unity the pinning force is weak, which limits the
critical current. The function expressed by Eq. (2) has
then a downward curvature typical for low temperature
superconductors.

TABLE

critical current densities for the YBCO �lms and bulk samples. The �tting
parameters are de�ned in the Eq. (2).

sample thickness [mm] Jc0 [kA/cm2] Tc [K] n

YBCO �lm on Ag
sintered at 915 ◦C

0.08± 0.01 16± 5 89.2± 0.6 1.21± 0.16

YBCO �lm on Ag
sintered at 925 ◦C

0.09± 0.01 20± 5 88.6± 0.4 1.46± 0.14

YBCO pallet sin-
tered at 915 ◦C

1.50± 0.05 2.6± 0.9 89.1± 0.3 1.16± 0.15

YBCO pallet sin-
tered at 925 ◦C

1.15± 0.05 2.7± 0.5 88.6± 0.2 1.15± 0.08

The temperature dependencies of the critical current
densities of the �lms were �tted using Eq. (2) and these
�ts are shown in Fig. 6 (solid lines). The �t parameters:
Jc0, Tc and n for the both YBCO �lms as well as for the
YBCO pallets are collected in the Table. The intergrain
Jc densities for the pallets were obtained with the same
procedure as was described for the �lms i.e. from the AC
susceptibility measurements. The appropriate thickness
of the samples are also presented.

From our study we observe the existence of supercon-

ductivity up to 90 K for both YBCO �lms, but the critical
current densities are not very high. The 915 ◦C � YBCO
�lm exhibits slightly higher critical current densities than
the �lm sintered at 925 ◦C. The �tting parameters for the
bulk and �lm specimens are almost the same.

4. Summary

The silver substrate does not in�uence strongly the
properties of YBCO thick �lms if they are sintered at
temperatures of 925 ◦C or at lower temperatures. Their
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superconducting parameters are similar to those of the
bulk samples and probably could be better if the optimal
procedure (such as heat treatment, appropriate pressures
and other) would be elaborated.
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