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Abstract. The solution deposition of YBa2Cu3O7−δ (Y123) high temperature superconducting thin films
was studied. The films were prepared from a polymer-containing precursor onto SrTiO3 (001) and
LaAlO3 (001) substrates and mineralized at high temperatures. The process depended on details of the film
preparation in a delicate fashion, resulting either in superconducting or non-superconducting thin films.
To elucidate this difference in conductivity, scanning electron microscopy and several X-ray diffraction
techniques were used to characterize the resulting Y123 layers. Both the morphology of the film and the
percentage of non-superconducting minority components are likely to be the origin of the difference in the
conductance behavior at low temperatures.

PACS. 81.15.-z Methods of deposition of films and coatings; film growth and epitaxy – 74.72.-h Cuprate
superconductors (high-Tc and insulating parent compounds)

1 Introduction

High-temperature superconducting materials have rapidly
progressed since their discovery in 1986, and several
technological applications have emerged. YBa2Cu3O7−δ

(Y123) has been identified as one of the compounds with
the highest commercial potential, mainly due to its high
critical current density [1]. The commercial success of
high-Tc superconducting materials depends on the ability
to manufacture films with a thickness considerably above
1µm and current densities above 105 A/cm2 [1]. This re-
quires the detailed control of the Y123 film deposition
techniques. Commonly used methods include laser abla-
tion [2,3], electron-beam evaporation [4], chemical vapor
deposition [5,6], or magnetron sputtering [7]. While these
well established methods produce Y123 films of a very
high quality, they are typically slow, expensive, and not
easily combinable with soft lithographic techniques.

Less well known are chemical non-vacuum techniques.
These include chemical solution deposition processes,
which employ a precursor solution of the constituent me-
tal ions that is solidified during the film manufacture
process. It was demonstrated that epitaxial thin films
of Y123 can be grown from organic precursor solutions
of alkoxides, isopropanol and acetic acid [8], of acetates,
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1,3-bis(dimethylamino)-2-propanol and acetic acid [9], of
acetates and acetic acid [10], or poly(acrylic acid) (PAA)
or poly(methacrylic acid) (PMAA) [11].

Polymer containing precursor solutions are particu-
larly useful, since their viscosity can be adjusted by vary-
ing the molecular weight of the polymers, leaving the
chemical composition unchanged. Highly viscous solu-
tions can be used in various processes to replicate lat-
eral patterns into the film. These include various soft-
lithographic techniques, such as micro-molding [12], and
pattern replication using electric fields [13] or temperature
gradients [14].

The successful application of chemical solution depo-
sition processes to manufacture high-Tc superconducting
thin films requires the control of the morphology and
epitaxial alignment of the superconducting phase on the
substrate. To this end, we have investigated in detail the
epitaxy of Y123 films made by a solution deposition pro-
cess. Scanning electron microscopy was used to study the
film morphology and various X-ray diffraction techniques
were employed to investigate the epitaxial order of the
Y123 films.

2 Experimental details

2.1 Sample preparation

Y123 precursor solutions were made following the
procedure by von Lampe and coworkers [15]. All
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chemicals were purchased from Aldrich or Fluka,
with a purity of 98% or higher. Y(NO3)3 · 4H2O,
Ba(NO3)2, and Cu(NO3)2 · 2.5H2O were dissolved in
N,N-dimethylformamide in a ratio of 1:1.51:2.01 by
weight, corresponding to a molar ratio of 1:2:3. Two
batches of solution were made according to the same
protocol.

The solutions were stirred until clear and poly(meth-
acrylic acid) (PMAA, synthesized according to a proto-
col in [16]) was added. For Batch 1, the PMAA molec-
ular weight was Mw ≈ 150 kg/mol, for Batch 2, Mw ≈
80 kg/mol. This resulted in clear, blue-green solutions with
a weight composition (metal-nitrates+PMAA:solvent)
of 0.25:1 (Batch 1) and 0.46:1 (Batch 2).

The substrates were polished SrTiO3- and
LaAlO3-(001) single crystals1 (10×10×1mm3, with edges
parallel to [100], [010], and [001], TBL-Kelpin, Neuhausen,
Germany, and Crystec GmbH, Berlin, Germany). Before
use, the substrate surfaces were cleaned by heating
to 950 ◦C for several hours in air.

Y123 precursor solutions were spin-cast onto the sub-
strates at 3000 rpm and dried for 2−3 h at 80 ◦C
(Batch 1) and for 1 h at 180 ◦C (Batch 2). The dried
films had a blue-green color. They were placed in a
tube-oven, through which a nitrogen-flow was maintained
and the temperature was varied according to the fol-
lowing protocol. Batch 1: increase from room tempera-
ture to 200 ◦C with 10 ◦C/min, from 200 ◦C to 500 ◦C
with 5 ◦C/min, from 500 ◦C to 950 ◦C with 10 ◦C/min.
The sample was kept at 950 ◦C for 1 h, and then cooled
from 950 ◦C to ≈600 ◦C with 5 ◦C/min, followed by slow
cooling to room temperature. When the temperature
reached ≈800 ◦C during heating the gas flow was changed
from nitrogen to oxygen. The heating protocol used for the
samples of Batch 2 was similar. Argon was used instead
of nitrogen and the maximum temperature was ≈750 ◦C.
The gas flow was changed from argon to oxygen upon
reaching the maximum temperature.

The obtained films had a thickness of 90−100nm and
were bright gray and transparent.

2.2 Scanning electron microscopy

The surface morphology of the annealed films was imaged
with a Jeol 6320F field emission scanning electron micro-
scope, using an acceleration voltage of 1.5 kV and a work-
ing distance of 5−7mm.

Figure 1 shows a comparison of a film of Batch 1 (a)
and Batch 2 (b). The morphology of the two films was
quite different, despite the similarly prepared precursors
solutions and the similar sample preparation procedures.
The film in Figure 1a is highly porous. It consists of a lat-
erally percolating assembly of crystallites. All crystallites

1 For simplicity, we shall regard the rhombohedral, pseu-
docubic LaAlO3, arhomb = 3.790 Å, crhomb = 13.11 Å as cubic
with an average lattice parameter acub = 3.787 Å, the average
of arhomb and crhomb/(2 · √3) = 3.785 Å.

b

a

500 nm

500 nm

Fig. 1. SEM images showing ≈100 nm thick Y123 films
on SrTiO3. Films from Batch 1 in (a) show a high porosity.
Films from Batch 2 in (b), while laterally more homogeneous,
exhibit a granular fine structure, which is probably due to the
formation of a second crystalline phase at the film surface.

are aligned with one face parallel to the substrate sur-
face. This indicates a predominantly epitaxial alignment
of the Y123 phase with respect to the SrTiO3 substrate.
The morphology of films from Batch 2 is different. The
visible crystallites in Figure 1b are much larger and the
film is laterally more continuous. The crystal faces are
less well defined compared to Figure 1a, but the visible
terraces indicate epitaxy of the Y123 phase with respect
to the substrate also in this case. As opposed to films from
Batch 1, Figure 1b shows a granular substructure, which
is most likely due to the formation of a crystalline phase
at the film surface.

The formation of this crystalline phase at the Y123 film
surface seems to be intrinsic to the Batch 2 film prepara-
tion procedure. The films deposited from the same precur-
sor solution onto LaAlO3 substrates, shown in Figure 2,
are very similar to Figure 1b. The films are laterally con-
tinuous, decorated by granules.

None of the samples showed large well defined ter-
races with vertical crystal planes indicating an in-plane
orientation of the superconducting phase. Such a morphol-
ogy is characteristic for solution deposited Y123 films on
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500 nm

Fig. 2. SEM image of a Y123 film on a LaAlO3 substrate,
made from the same precursor solution as the the film in Fig-
ure 1b. While qualitatively similar, the average crystallite size
of both the majority phase and the granular surface structure
is reduced compared to Figure 1b.

MgO-(001) substrates [9], Y123 deposited by laser abla-
tion onto SrTiO3-(001) [17], and Bi2Sr2CaCu2Ox films on
SrTiO3 that were prepared in a similar way as the Y123
films described here.

2.3 Resistance measurements

The resistance of the films was measured in the four
point mode. Platinum wires were contacted to the films of
Batch 1 by silver paste. The samples were cooled to 50K
in a PPMS 6000 cryostat (Quantum Design, San Diego,
USA). The sample resistance R was measured (Agilent
multimeter 3458A) as a function of temperature T while
heating with a rate of 1K/min.

The resistance of the Batch 2 samples was measured in
a similar way. Gold wires were used to contact the samples.
They were cooled in a Cryo-Mini-Refrigerator (Iwatani
Corp., Japan). The sample resistance was measured dur-
ing cooling with 4K/min. The temperature was controlled
by an autotuning temperature controller (Lake Shore Mo-
del 330). The current was controlled by a programmable
current source (Keithley Model 224) and the voltage mea-
sured by a digital voltmeter (Keithley Model 182).

The resistance measurements of Y123 films from
Batch 2 on SrTiO3 and LaAlO3 are shown in Figure 3.
The films show a clear transition to the superconducting
state at 89.6(3)K and 90.0(3) K for the Y123 on SrTiO3

and LaAlO3, respectively. This is comparable to the value
of Tc = 93K for Y123 films made by other techniques [1].

The resistance measurements of Batch 1 films showed
no superconductive behavior down to 40K, but instead a
monotonous increase in sample resistance with decreasing
temperature was observed. This result was repeatedly ob-
tained for several samples on both substrate types. It is
therefore likely that the lack of superconducting behavior
was characteristic for Batch 1. Since the sample prepara-
tion protocols of Batch 1 and 2 were similar, and since the

Fig. 3. Resistance of Batch 2 films as a function of temper-
ature. (a) The critical temperature for Y123 on SrTiO3 was
89.6(3) K. (b) For Y123 on LaAlO3 Tc = 90.0(3) K.

the protocol of Batch 1 was successfully used to prepare
Bi2Sr2CaCu2Ox superconducting thin films on SrTiO3

and LaAlO3 [18], it is instructive to further investigate
samples from both batches.

For the superconducting samples (Batch 2), the critical
current density was measured after the conclusion of all
other experiments. To obtain a well defined lateral sam-
ple geometry for transport measurements, 200µm wide
bridges were etched into the Y123 film, using a photo-
lithographic process. Figure 4 shows the critical current
density Jc as a function of temperature. Solution de-
posited Y123 films on SrTiO3 and LaAlO3 exhibit a low
temperature value of Jc of ∼105 A/cm2. For Y123 film
on LaAlO3 this value of Jc is reached at a relatively
high temperature (≈80K). This compares favorably with
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Fig. 4. Critical current density Jc of Batch 2 films as a function
of temperature for ≈100 nm thick Y123 films on SrTiO3 (�) and
on LaAlO3 (�) substrates.

Y123 films made by other deposition techniques, for which
values for Jc of 5× 105− 2× 106 A/cm2 were reported [1].

2.4 X-ray diffraction

The orientation of the Y123 crystallites with respect to the
two substrate types was determined using four different
X-ray diffraction experiments. To identify the Y123 phase
with a c-axis orientation parallel to the substrate sur-
face normal (c-axis orientation), ω-2ϑ scans were taken
on a Philips X’Pert MRD 3050/65 materials diffractome-
ter (40 kV, 40mA, X’Pert Data Collector 2.0b software)
or on a Philips PW 1820 powder diffractometer (40 kV,
30mA, APD PW 1877 3.6g software). The quality of the
alignment of the c-axis oriented Y123 crystals with re-
spect to the substrate was determined by rocking curves
(ω scans) taken on the Philips materials diffractometer.
Texture scans (ϕ−ψ scans) revealed the in-plane orienta-
tion of the Y123 crystallites (both c-axis and a-axis ori-
ented) and area scans (ω-2ϑ−ψ scans) were used to mea-
sure the in-plane orientation of the different Y123 domains
and to search for additional phases with a highly symmet-
ric lattice plane parallel to the a − c plane of SrTiO3 or
LaAlO3. Both texture and area scans were performed on
the Philips materials diffractometer. All diffractometers
were equipped with monochromators for Cu Kα1 radia-
tion. The notation of the scan-axes is given in Figure 5.

3 Results and discussion

The SEM and resistance measurements show a marked dif-
ference between the two sample series (Batch 1 and 2). To
improve the reliability of the solution deposition process,
it is instructive to investigate the crystallographic prop-
erties of samples from both batches on the two substrate
types.

Fig. 5. The four axes of a Philips materials diffractometer,
shown with ψ = 0◦, ϕ = 0◦.

Four samples were chosen for further investigation by
X-ray diffraction. Figures 6 and 7 show ω-2ϑ scans taken
of samples from Batch 1 and 2 on SrTiO3 and LaAlO3.
All four spectra show the (00l) reflections of the substrate
material and a set of peaks that can be assigned to the
Y123 phase with the c-axis oriented parallel to the sub-
strate normal. The differing intensities of the four spectra
are due to different scanning conditions in terms of count-
ing time per step.

The quantitative analysis of the (00l) reflections yields
the c-lattice constant of the c-axis oriented Y123 phase.
For Y123 from Batch 1, we find values of 11.70(3) Å
and 11.63(2) Å for the SrTiO3- and the LaAlO3-substrate,
respectively. For samples from Batch 2, we find 11.67(3) Å
and 11.67(2) Å, respectively. While the c-lattice constants
of the Batch 2 samples agree with earlier published values
for Y123 films [19–22], the values of Batch 1 samples show
a larger variation.

The conductivity (superconductor, semiconductor, or
insulator) of YBa2Cu3O7−δ is determined by the oxygen
deficiency δ. It is therefore instructive to estimate δ. Since
lattice parameters a, b, and c and the intensity ratios of
the X-ray peaks in Figures 6 and 7 are a function of δ,
the oxygen deficiency can be obtained by a comparison
to published work. Ye and Nakamura [19] measured a, b,
and c and the intensity ratios I(005)/I(006), I(005)/I(004),
and I(005)/I(007) as a function of δ for films on MgO. Cava
et al. [20], Ono [21], or Jorgensen et al. [22] give the de-
pendence of a, b, and c on δ for bulk samples.

Since c can be easily measured by an ω-2ϑ scan, this
parameter is the first choice for the estimation of δ. But as
explained by Ye and Nakamura, lattice defects or cation
disorder can influence c. Therefore, they also characterized
the oxygen content of their samples in terms of the inten-
sity ratios of four measured peaks. For MgO-substrates
they find the ratio of the Y123-(006) and (005) peaks best
suited to measure δ. Since the Y123-(006) peak coincides
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Fig. 6. ω-2ϑ scan of Y123 samples from Batch 1 on SrTiO3 (a)
and on LaAlO3 (b). In addition to the substrate and Y123 sig-
nal, some further peaks are discernible.

with the (002) peak for SrTiO3 and LaAlO3 substrates, it
is more suitable to characterize δ in terms of the intensity
ratios of the Y123 I(005)/I(004) and I(005)/I(007) peaks.

Table 1 gives the values for δ of our four samples ob-
tained by comparing the measured values of c and the
I(005)/I(004) and I(005)/I(007) intensity ratios with the re-
sults from references [19–22].

The estimated values of δ in Table 1 show a large scat-
ter. This may be due to a number of reasons. The epitaxial
growth of Y123 on SrTiO3 and LaAlO3 may differ from
the Y123 film on MgO considered in [19]. The c-lattice
constant of our samples may be influenced by other fac-
tors than only the oxygen deficiency δ (e.g. lattice defects,
stress). The determination of the peak intensity ratios may
be influenced by the overlap with peaks from other phases
that are present in the film. Despite the large scatter in
the values of δ, the results in Table 1 indicate that all four
samples had a high enough degree of oxygenation that
is required for the Y123 phase to be superconducting. In
particular, the samples from Batch 1 and 2 do not signifi-
cantly differ in their oxygen content. The difference must
therefore lie in the morphology of the Y123 crystallites,

Fig. 7. ω-2ϑ scan of Y123 samples from Batch 2 on SrTiO3 (a)
and on LaAlO3 (b). Two of the peaks that arise neither from
the Y123 nor from the substrate can be attributed to the (111)
and (200) reflections of the aluminum sample support, which
was accidentally exposed to the 1 cm wide line focus of the
primary beam.

rather than the composition of the Y123 phase. Clearly
the epitaxial alignment of the Y123 crystallites and their
lateral order are of critical importance, in addition to con-
tamination of the Y123 film by other phases.

In Figure 6, peaks that are not attributable to the
Y123 phase or the substrate were observed for values of 2ϑ
at 25.6◦, 32.7◦, 47.3◦, 58.4◦, and 68.6◦ in Figure 6a and
at 25.6◦ and 32.7◦ in Figure 6b. Furthermore, also the
spectra of Batch 2 samples show additional peaks at 20.6◦,
32.7◦, and 41.8◦ in Figure 7a and at 49.6◦ and 58.3◦ in
Figure 7b. Both in Figures 6 and 7, these peaks have rather
low intensities, indicating that the films consist mainly of
c-axis oriented Y123.

The mosaic spread of c-axis oriented Y123 perpendic-
ular to the film plane was further analyzed by ω scans (so-
called rocking curves). Table 2 gives the full width at half
maximum (FWHM) of (001) and (002) substrate peaks
and the (002) and (005) Y123 peaks for both sample series
on both substrate types. The larger mosaic spreads of the
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Table 1. Oxygen deficiency δ estimated by comparing the
lattice constant c with data from references [19–22] (upper
part of the table). In the last two rows of the table, δ is es-
timated by comparing the peak intensity ratios I(005)/I(004)
and I(005)/I(007), respectively, with reference [19]. 0∗ denotes
calculated values of δ that are negative or outside the range of
values given in the respective publication.

Batch 1 Batch 2

SrTiO3 LaAlO3 SrTiO3 LaAlO3

c [Å] 11.70(3) 11.63(2) 11.67(3) 11.67(2)

δ [19] 0–0.15 0∗ 0 0

δ [20] 0.15(15) 0∗ 0∗ 0∗

δ [21] 0.30(16) 0∗(0.03) 0.14(16) 0.14(11)

δ [22] 0.24(20) 0∗ 0∗ 0∗

I(005)/I(004) 15.25 14.50 17.07 14.80

I(005)/I(007) 5.08 9.67 10.86 7.02

δ [19] 0–0.15 0–0.15 0.05–0.20 0–0.15

δ [19] 0.15–0.25 0∗ 0∗ 0∗

Table 2. Peak width (full width at half maximum) of the rock-
ing curves (ω scans) of selected peaks. The Y123 (005) reflec-
tion of the Batch 2 sample on LaAlO3 could not be measured
due to an overlap with the spurious signal stemming from the
Al sample holder (see Fig. 7).

Batch Substr. Substrate Y123

Peak (001) (002) (002) (005)

1 SrTiO3 0.03◦ 0.03◦ 0.58◦ 0.53◦

1 LaAlO3 0.04◦ 0.04◦ 0.74◦ 0.74◦

2 SrTiO3 0.05◦ 0.05◦ 0.32◦ 0.37◦

2 LaAlO3 0.05◦ 0.05◦ 0.25◦ –

samples made from Batch 1 precursors indicate a some-
what lower quality of the epitaxial order of the Y123 films.
The angular spreads of the Batch 2 samples are, on the
other hand, comparable to values found for PLD grown
films [23,24].

To establish the in-plane orientation of the Y123 crys-
tals, textures scans (ϕ − ψ scans) were performed. The
substrates were aligned on a four-axis diffractometer us-
ing the substrates’ (101) and (002) reflections so that at
ϕ = 0◦ the substrate-[100] direction was in the plane of
diffraction. Since the Y123-{104} reflections do not over-
lap with any of the substrate peaks they were chosen to
investigate the orientation of the aY123- and bY123-axes,
with lattice constants of a = 3.82 Å, b = 3.89 Å [20,22].
The Y123-{104} texture scan of a Batch 2 sample on
SrTiO3 is shown in Figure 8. With c ≈ 3.1 ·a, the (104) di-
rection forms an angle of approx. 37.8◦ with the c-axis.
Therefore, for c-axis oriented material the {104} reflec-
tions appear at ψ = 37.8◦. Assuming a ‘cube on cube’-type
growth of Y123, where the a-axis of Y123 is parallel to
the a or b substrate directions, the Y123-{104} reflections
should appear at ϕ = 0◦, 90◦, 180◦, 270◦. This is borne out

Fig. 8. Texture scan (ϕ−ψ scan) of the Y123-{104} reflections
of a Batch 2 sample on SrTiO3. The elongated peak shape is a
consequence of the X-ray beam profile (1×10 mm2 line focus).

Fig. 9. ϕ scan of the sample from Figure 8 for ψ = 37.39◦.
The averaged width of the four peaks is 0.36(15)◦.

by the data in Figure 8, showing four strong peaks at the
predicted positions. In Figure 9, a single ϕ scan taken for
ψ = 37.39◦ shows the peak positions in more detail. The
four peaks are centered at ϕ = 0.2◦, 91.9◦, 180.7◦, 269.5◦
and have an average FWHM of 0.36(15)◦. The angu-
lar spread is smaller than that found for Y123 films
on LaAlO3 by CVD [6] of ≈1.5◦.

In Figure 8 only peaks stemming from the c-axis ori-
ented Y123 phase are visible. No traces of Y123 do-
mains with other orientations are discernible. In partic-
ular, no a-axis oriented Y123 is seen, which is known
to grow preferably at lower temperatures [25–27]. For
the Y123-{104} texture scan of the Batch 1 sample
in Figure 10 four additional peaks are discernible at
higher values of ψ. The peaks at ψ = 52.2◦ and
ϕ = 0◦, 90◦, 180◦, 270◦ can be attributed to a-axis
oriented Y123 [3,26,28]. Neither of the texture scans
shows indications for c-axis oriented material with an
alignment of the a-axis parallel to the [110] substrate
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Fig. 10. Texture scan (ϕ − ψ scan) of the Y123-{104} re-
flections of a Batch 1 sample on LaAlO3. The four stronger
peaks of the c-axis oriented Y123 (inner ring) and the four
weaker peaks of the a-axis oriented Y123 (outer ring) are
clearly discernible.

direction, as was reported for Y123 on MgO, grown at
lower temperatures [27].

The appearance of some (but not all) of the additional
peaks in the ω-2ϑ scans (Figs. 6 and 7) for both Batch 1
and 2 samples can be explained by the assumption that
a small amount of the Y123 phase has a random orienta-
tion. For example the peaks at 2ϑ = 32.7◦ could be the
sum of (013), (103), and (110) reflections, all of which be-
long to the strongest reflections of Y123. A non-epitaxial
Y123 phase gives rise to rings in the area scans, fragments
of which can be seen in Figure 12 for the strongest Y123 re-
flections. Note that the additional peaks in the ω-2ϑ scans
are much weaker for the Batch 2 samples than for the
Batch 1 samples.

Judging by these results, differences between Batch 1
and 2 samples are (1) the amount of non-epitaxial (non
c-axis oriented) Y123 material and (2) the quality of
the alignment of c-axis oriented Y123. These morpholog-
ical differences seem to be responsible for the difference
in conductivity. The sensitivity to minor changes in the
preparation of Y123 films is in contrast to the rather ro-
bust solution deposition of Bi2Sr2CaCu2Ox using a similar
procedure.

Figures 11 and 12 show the area scans of the Batch 2
sample on SrTiO3 and the Batch 1 sample on LaAlO3,
respectively. Both figures show two columns of peaks that
can be attributed the substrate and c-axis oriented Y123.
In Figure 12, the LaAlO3-(101) peak is surrounded by
four Y123 peaks. The upper and lower peak belong to the
c-axis oriented Y123, while the left and right peak belong
to a-axis oriented material.

The reciprocal a∗c∗ lattice plane was chosen because
it contains the (h0l) reflections of the substrates and the
(h0l) reflections of c-axis oriented Y123 with an in-plane
orientation where aY123 lies parallel to asubstrate. The ap-
pearance of the peaks in Figures 11 and 12 confirms the

Fig. 11. Area scan of the a∗c∗ plane of a Batch 2 sample
on SrTiO3. The peaks are indicative of c-axis aligned Y123
with an a-axis alignment parallel to the a-axis of SrTiO3. The
two smeared-out Al lines stem from the sample holder.

Fig. 12. Area scan of the a∗c∗ plane of a Batch 1 sam-
ple on LaAlO3. Two peaks reveal the presence of a-axis ori-
ented Y123.

results of the texture scans (Figs. 8 and 10) and the ab-
sence of other peaks is a strong indication that only the
Y123 phase has grown epitaxially.

4 Conclusion

In summary, we have investigated the epitaxial order of
Y123 films that were solution deposited onto SrTiO3 and
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LaAlO3 substrates. The films consisted mainly of Y123,
the majority of which had grown with the c-axis perpen-
dicular to the substrate surface and with the a-axis ori-
ented parallel to the a- and b-axis of the substrate.

Similarly prepared samples were found to be either su-
perconducting with a critical temperature of ≈90K and a
critical current density of ∼105 A/cm2, or semiconducting
down to low temperatures. Since the lattice parameters
of both sample types were very similar, it is unlikely that
this difference arises from a different chemical composition
(oxygenation) of the Y123 phase.

Whether a Y123 film is superconducting or not can
be correlated to the SEM images and the X-ray diffrac-
tion results described in this study. The main differences
between the two sample batches were:

1. The film morphology. Superconducting Y123
films were laterally homogeneous, while non-
superconducting films were highly porous.

2. The amount of contaminant phases, which can be iden-
tified by the stronger additional peaks in the ω-2ϑ
scans.

3. The appearance of a granular structure on top of
an otherwise continuous surface for Batch 2 samples.
While this surface phase requires further examination,
it is possible that it stems from a non-superconducting
phase (additional peaks in Fig. 7). Such a location of a
redundant minority phase would affect the electronic
properties of the underlying film only little.

Since Batch 1 samples consist mainly of the c-axis oriented
Y123 phase, we postulate that the lack of a transition to
a superconducting state arises from a combination of the
effects listed above. Both, the high porosity and the pres-
ence of an unidentified (presumably non-superconducting)
phase potentially reduces the lateral connectivity of the
Y123 c-axis oriented epitaxial phase. A complete loss of
the lateral connectivity of the Y123 phase would lead to
an electrical conductivity that is determined by the mate-
rial with lowest conductivity. The differences in porosity
and contaminant phases of Batch 1 and 2 samples arise
possibly from the somewhat different annealing protocols.

Despite its apparent sensitivity to details in the film
preparation, the manufacture of Y123 by a liquid deposi-
tion process is useful. The experimental procedure we have
used is much more simple and less expensive compared
to more established deposition methods. In addition, lay-
ers made by solution deposition processes can easily be
patterned by soft-lithography [12] to manufacture super-
conducting thin films with lateral structures on the sub-
micrometer scale [29].
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