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It is shown for the first time that the superconducting YBa,Cu,0,  , phase can be deposited
by chemical vapor deposition using the halide precursors YCl,, Bal,, and CuCl as metal
sources and an 0,/H,0 gas mixture. Sintered calcium stabilized zirconia plates were used as
substrates. The superconductor was obtained upon deposition without the need for post-
annealing. An ideal (001} texture was always found to prevail.

A high T superconducting phase, YBa,Cu,0, , was
recently discovered in the ¥-Ba-Cu-O system.! The critical
temperature of this new phase was found to exceed that of
liguid nitrogen (77 K ). The superconductors are expected
to find early applications in the thin-film area. Among the
thin-film preparation techniques, chemical vapor deposition
(CVD) seems to have many attractive features for growth of
high 7, materials. With CVD usually dense, well-crystal-
lized and textured films are obtained. The texture can bhe
varied with growth conditions and conirolled by, for in-
stance, adsorption. The CVD films can also be grown under
a well-defined oxygen activity in the vapor, vielding super-
conducting films without any post-annealing procedure,
This might be of importance for optimization of current den-
sities since a post-annealing procedure, starting with the bi-
nary oxides and yielding the superconducting phase, may
result in a negative specific volume change and hence pore
formation. Finally, CVD is known to have a high throwing
power with a capability of forming on complex-shaped sub-
strates.

A key point in CVE} is the selection of spurce materials.
With metalorganic precursors for Y, Ba, and Cy, respective-
Iy, the risk of carbonate formation, affecting current densi-
ties, cannot be excluded. Nevertheless, metzlorganic precur-
sors have been used to deposit films which contained the
superconducting phase YBa,Cu,0B, , afler a subsequent
anneal in an cxygen atmosphere.”™ Recently the supercon-
ducting phase was reported to form upon deposition from
metalorganic compounds.”

Therisk of carbonate formation mentioned above can be
eliminated by using halides instead of metalorganics. The
halides are then evaporated at appropriate temperatures and
brought to react with some oxygen source immediately be-
fore the deposition zone. In complex systems such as CVD of
YBa,Cu,Q, _ | from metal halides, thermodynamic calcula-
tions can be used as a guide to select the deposition param-
eters. Such calculations suggested that YCI;, Bal,, and CuCt
were attractive metal source substances and that the pres-
ence of both oxygen and water would be advantageous for
deposition of the superconducting phase.® A mixture of oxy-
gen and water was, therefore, chosen 2s oxygen source, Since
the ratio between the metal halides and the oxygen scurce as
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well as the O,/H,O ratio can be varied independently, the
oxygen activity in the vapor can be controlied in such a way
that post-annealing is not needed. This is the first report on
the use of metal halides to grow thin films of YBa,Cu,O, _,
by CVD.

A low-pressure CV D system with a hot-wall reactor was
constructed for the deposition experiments. The deposition
apparatus was made of fused silica and consists of three par-
allel evaporation tubes connected to a larger deposition tube.
The temperature of each tube can be monitored indepen-
dently giving maximum possibilities to control vapor com-
position. The separate evaporation tubes have also the ad-
vantage of elirninating cross-contamination problems with
the metal sources. The leak rate of air intc the system corre-
sponds to an air contamination level of less than 1 ppm.

The purity of the gases was 99.9997% for argon and
99.998% for oxygen. All gas flows were monitored by mass
flow controllers. The chemicals used were yttrium trichlo-
ride (Aldrich Chemicals, Mitwackee, with a claimed purity
of 99.5%) and barium iodide, Bal,, and copper(I)chioride
{Merck, Darmstadt, Germany). The barium iodide was ob-
tained as a hydrate and was heated to 150 °C prior to the
deposition experiments in order to evaporate the water. Cal-
cium stabilized zirconia plates (sintered) were used as sub-
sirates.

Arwas used as a carrier gas for all the metal halides. The
armount of the different metal halides admitted into the reac-
tor was controlled by the temperature of the evaporation
zones and by the Ar flow through the evaporation tubes. The
oxygen/water mixture was obtained by passing a flow of
oxygen through boiling water and letting the temperature of
an attached refiux condenser determine the partial pressure
of water, and hence the oxygen/water ratic.

The experimental parameters were as follows: total
pressure 20 Torr, linear gas flow velocity 67 cm s™ !, depo-
sition temperature 750-95C °C, and deposition time 2-4 h.
The evaporation temperatures of the hatides were 820, 950,
and 340 °C, respectively, for YCI;, Bal,, and CuCl and the
corresponding flows of argon were 300, 150, and 100 scem.
The flow of oxygen was 200 scom and the temperature of the
refiux condenser was 20°C, corresponding tc an oxygen/
water ratio of 1/7. By assuming equilibrium evaporation
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FIG. 1. SEM micrograph showing the front side of a deposited film.

conditions, the flows of the halides can be calculated tobe 6.1
scem for YCl,, 5.0 scem for Bal,, and 0.4 scem for CuCl
However, from the weight losses of the halides in the evapo-
ration tubes, the actual iows were found to be considerably
smatler especially for YCl, and to a lesser extent zlso for
Bal,. Hence, the relationship between the flows of the metal
halides might correspond more closely to the 1:2:3 composi-
tion of the superconducting phase.

Phase analysis and texture investigation were per-
formed by x-ray diffractometry using a Philips PW 1050
diffractometer with Cu Ko radiation {4 = 1.5418 A). The
morphology of the coatings was studied by scanning electron
microscopy (SEM) using a JEOCL JSM 840 scanning elec-
tron microscope. The critical temperature 7. was measured
by conventional four-point probe resistance measurements.

The superconducting phase YBa,Cu (3, ., was ob-
tained without any post-annealing in the temperature range
870-910°C. A typical growth rate was about § nm/min. The
substrate was positioned perpendicular to the main gas
stream in a so-called impingement fiux arrangement. The
superconducting phase, illustrating the throwing power of
CVD, was grown on the front side as well as on the back side
of the substrate. However, the growth conditions were not
exactly the same on the two substrate sides. The front side
films revealed a microstructure (Fig. 1) indicating partial
melting, while the back side films show z vapor growth mi-
crostructure (Fig. 2). This shows the strong influence of the

FIG. 2. SEM micrograph showing the back side of a deposited film.
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FIG. 3. Resistivity curves for a typical film, before and after annealing in
oxygen.

oxygen activity in the vapor on the melting point of
YBa,Cu,0, . Asfor the Bi-Sr-Ca-Cu-O system,” the melt-
ing point is expected 10 increase with increased oxygen activ-
ity in the vapor. Because of differences in mass transport
properties in the vapor between different gas molecules, a
somewhzt higher oxygen activity, explaining the difference
in microstructure between the two substrate sides, can be
expected on the back side. In this work the ratic between the
metal halides and oxygen source was 1/140. Upon checking
the melting of YBa,Cu,0, | by using sintered samples and
practically the same oxygen activity as during the depo-
sition, a partial melting with a small fraction of melt of the
sintered sample was cbtained in the temperature range used
in this work.

The films had a strong (001) preferred orientation and
only the 00/ reflections were visible on the diffractograms.
The texture was the same for both unmel¢ted and partially
melted samples. Mo reflections other than those attribuiable
tothe YBa,Cu,0, _, phases were detected. The resistivity of
the films was found to decrease abruptly below 80 K. Zero
resistivity was obtained at about 40 K. When the films were
annealed in oxygen at a temperature of 475 °C for 48 h, the
temperature where zero resistivity was obtained increased to
about 70 K. However, the onset temperature was not affect-
ed. Both curves are shown in Fig. 3. For other samples the
onset temperature was 90 K with a zero resistivity at about
60 K. Finally, the resistivity curve was the same for the front
side and the back side samples.

In summary, it has been shown that it is possible to de-
posit the superconducting YBa,Cu, O, _ | phase by CVD us-
ing halides as metal precursors. The superconducting phase
was obtzained upon deposition without any need for a subse-
guent annealing in oxygen. The deposited superconductor
was, furthermore, found to possess a strong (001} preferred
orientation.
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