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Preparation and properties of precursor Ba-Ca-Cu-(O,F) thin films deposited from
fluoridesfor superconducting Tl- and Hg- based films
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Precursor Ba-Ca-Cu-(O,F) thin films prepared by thermal eveporation of BaF, CaF, and Cu show a good chemical
resistance against the atmospheric influence even after a partial defluorination by means of a vacuum annealing
with subsequent oxidation. The prepared precursor films were characterized by X-ray diffraction (XRD) analyses
and Raman scattering measurements. A possible explanation of the observed properties is presented. According to
the XRD measurements performed in the grazing incidence set-up, a polycrystalline cubic BaCuO, is the mgjority
phase after defluorination followed by an oxidation process. No peaks belonging to carbides (as a consequence of
an atmospheric exposure of samples) were identified. Raman analysis confirmed a presence of another namely CuO

phase.

1. Introduction

The Ba,Ca » nCusO; + n+q precursors have a great
potential for the preparation of high-critical temperature
superconducting phases of the M Ba&Cap: nCUsOzs nemyz+d
type, where n is an atomic index related to the Ca atom, m
is the formal valency of meta M (M =TI, Hg, Pb, ... and
their combination) and d is given by the portion of Cu (I11)
in Cu. As found by other authors, even the precursors
themself can reach the superconducting state with the T,
values up to 126 K after a specia high temperature
treatment of the bulk sample at high pressure™,

We have used the Ba-Ca-Cu-O precursor thin films
prepared by thermal evaporation of BaF,, CaF, and Cu for
preparation of  Tl,BaCaCu,0, (TI-2212) * and
HgBa,CaCu,0O, ® films. These precursor films showed
increased chemical resistance against the influence of an
atmospheric surroundings in comparison with the precursor
films prepared by rf magnetron sputtering which must
always be kept in an argon atmosphere as to minimize their
exposure to the moisture and CO, from air®’.

It is a purpo-se of the present paper to show
properties of as-evaporated fluorine containing precursors
as well as precursors from which the substantial part of
fluorine was removed.
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2. Experimental

BaF,, Cu and CaF, were sequentially evaporated to
produce 0.2 mm thick precursor films with the 2:2:3 cation
ratio, on various substrates (single crystal MgO, LaAlO;,
SrTiO; or AlL,O3 buffered by CeO,). During the precursor
deposition, the substrate was kept at room temperature
followed by an ex-situ vacuum annealing step at the
temperature 720 °C in dry oxygen having partial pressure
of 107 Pa.

The oxygen partial pressure was gradually increased
to the atmospheric one without changing the temperature of
the substrate, as to remove a substantial part of fluorine
from the BaF, and CaF, containing precursor film. We
prefer this type of fluorine reduction invented by our
group®® because this process avoids that more complicated
one linked with the use of awet oxygen. A simple diagram
of the annealing processis shown in Fig.1.

The phase composition of all precursor films was measured
by the X-ray diffraction in Bragg-Brentano configuration
as well as by the grazing incidence method using various
grazing angles (0.5, 1.2 and 3.0°), and CuK, radiation. The
X-ray diffraction was performed on the Siemens D5000
powder diffractometer equipped with interchangeable
grazing incidence attachment. The method of the grazing
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Fig.1. Temperature vs. time of annealing in dry oxygen. The
individual time intervals have the following oxygen partia
pressures (Ag p0O,=102 P4l (B) pO,=102 010 % Pal(C)
pO,=10°1110 °Pal (D) pO,=10°Pa

incidence is suitable for measurements of polycrystalline
thin films with random orientation of the grains. When the
angle of incidence is tuned dlightly above the critical angle
for the total external reflection, the signal is collected from
a near-surface region and contribution of the substrate is
then suppressed. Random orientation of the grains gives
rise to strongly asymmetrical diffractions. In the presence
of atexture with the ¢ axis normal to the measured surface
(typical for superconducting phases) such diffractions
cannot occur and the use of Bragg-Brentano mode is
inevitable. Hence, only diffractions from the planes parallel
to the film surface are seen.
The unit cell parameters ¢ of the tetragona or
orthorhombic phases were evaluated by means of the
formula:
c=(I /2sinDJ 21)(11c08J g012-12€08J o011),

where DJ;; = Jooz-Joon IS a difference in the applied
diffraction angles. For the cubic phase, the following
formula was applied:

a=(1 /2sinDJ 2,)[(h*+k?+%)Y2cos] 1 (h?+k, >+ ;%) cos] 5],
where h; k;|; are selected indices of diffractions, and J; are
their diffraction angles.
This method, when applied systematicaly, gives results
free from "zero point error”, while the "absorption error” is
minimized. The Raman scattering measurements were
performed in the Dilor micro-Raman system at room
temperature. The samples were excited by the 632.8 nm
line of a He-Ne laser. A specia care was taken to avoid
changes in the sample composition by the laser heating
effects. To avoid possible errors, the Raman spectraused in
this study were taken as average spectra from 30 nm line.
Some of the investigated precursor films were aso
thallinated at 850 °C for 30 min. in an oxygen flow being
placed in a close contact with the crude Tl-Ba-Ca-Cu-O
pellet used as a source of thallous (T1,0) oxide. The R-T
(resistance vs. temperature) characteristics of these
thallinated precursor films were measured by means of a
standard dc four-probe method.
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Fig. 2. The X-ray diffraction patterns a grazing incidence of as-
evaporated precursor film. The presented phases are marked as:
+ BaF,; x CaF;; [CuO, o Cu 40s.

3. Results and discussion

The Bragg-Brentano X-ray diffraction patterns
provide relatively poor information about the structure of
as-evaporated precursor films. The XRD spectra exhibit no
BaF, or CaF, peaks and no evidence about the crystalline
character of the films. On the other hand, X-ray spectra
taken in the grazing mode (namely at the angle 3°) showed
clearly peaks belonging to BaF,, CaF, and CuO with
various crystallographic orientations, Fig.2.

The consecutive thallination of as-evaporated (i.e. not
defluorinated) precursor films yields pure c-axis oriented
TI-2212 phase, Fig.3, however, with suppressed values of
superconducting transition as it is illustrated in Fig.4, line
(8), with Tong(onset) =82 K, and T, (R=0) =44 K.

The results of other authors™ indicate that the relatively
high concentration of fluorine in high-T. superconductors
decreases their T, possibly by the fluorine ocupation of the
oxygen positionsin the lattice™.
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Fig. 3. The X-ray diffraction patterns of the TI-2212 film prepared
by thallination of an as-evaporated precursor film. The identified
phases are marked (0Q) for TI-2212 and S for sapphire/CeO »,
substrate.
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FIG. 4. Comparison of the R-T dependence of TI-2212 film
prepared by thallination of as-evaporated precursor film from
Fig.3, line (a), and that of another TI-2212 film prepared by
thalination of defluorinated precursor film, line (b).

The different c-parameter values of thallinated as-
evaporated precursor films (c=29.2347(4) A) and
thallinated defluorinated precursor films (c=29.1647(4) A)
may aso indicate a possible replacement of oxygen by
fluorine atoms in the lattice (the ionic radius of Fis 1.36 A,
that of O is 1.40 A). To solve the problem of the T,
suppression we applied an ex-situ vacuum annealing
process in dry oxygen as to remove a substantial part of
fluorine®®. The TI-2212 thin films prepared from such
defluorinated precursors show superconducting transition

typical for this phase, Fig.4, line (b), with Ty, 120 K and

Teo 100 K. We expected that after defluorination the
precursor Ba-Ca-Cu-O films would become more sensitive
to the atmospheric surroundings similarly as the sputtered
precursor films. However, as we found, these annealed
precursor films enable us to prepare superconducting TI-
2212 films with the same properties, i.e. with Tos = 130 K,
and Ty, = 102 K, even after some months (6) following
their defluorination, Fig.5(a).
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Fig.5(8). The R-T dependence of the TI-2212 film prepared by
thallination of a precursor film 6 months after its defluorination.
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FIG.5(b). The X-ray diffraction patterns of the TI-2212 film
prepared by thallination of a precursor film 6 months after its
defluorination. The presented phases are marked as: (0Q)! for TI-
2212 and Sfor MgO substrate.

The X-ray data of this particular sample are
illustrated in Fig.5(b).
Typical Bragg-Brentano and grazing mode X-ray spectra of
vacuum and thermally processed precursor film are shown
in Fig.6.
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Fig. 6. X-ray diffraction patterns of a vacuum and thermally
processed precursor film: (a) Bragg—Brentano, (b) grazing
incidence mode. The detected phases are marked as: *BaCuO,,
CuO, D Ba,CaCu30g.q, + BaF,, S-MgO substrate, ? unknown
phase.
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These X-ray analyses confirmed that some traces of
BaF, dtill exist in annealed precursors.While Bragg-
Brentano spectra offer not very pronounced peaks
belonging mainly to BaCuO,, Fig.6(a), the grazing X-ray
patterns indicate more pronounced various phases like
BaCuO,, CuO, BaF,, and aso cubic phase Ba,CaCusOg..
All these detected phases are considered as chemically
stable components.

The cubic phase Ba,CaCu3Os.q is characterized by
the lattice parameter a = 8.180(1) A which is comparable
with the value of a = 8.124(3) A, published by Greaves and
Slater™. The presence of the CuO phase is confirmed also
by the Raman scattering measurements, Fig.7. The
observed peaks in Raman spectra correspond to the Raman
modes of the CuO (300 cm?, 350 cm™® and 636 cm™)
published by Irwin et a*. We did not detect any peaks
belonging to carbides like BaCOs; which may appear as a
consequence of an interaction of precursor films with the
surrounding atmosphere. Lai et d** have prepared Ba-Ca-
Cu-O precursor films in a two-step process where as-
evaporated Cu-BaF, films were preannealed at 845 °C for
3-5 hin pure oxygen in the presence of water vapour as to
form stable BaCaO, phase and to eliminate the formation
of CaCu,O3; phase which hinders the growth of the
superconducting phase during thallination.

The CaF, component was then added later in the
deposition process. It is of interest, that, in spite of the
presence of al three components (BaF,, Cu and CaF,)
during our short vacuum pre-annealing (30 min) in dry
oxygen, after this processing we observed mainly the
BaCuO, and CuO phases. We believe that calcium is
incorporated into the BaCuO, compound forming thus a
solid solution, or it exists in the form of the Ba,CaCu3zOg.q
phase rather than in that of the CaCu,O3; phase. On the
other hand, the amount of arest of the BaF, component in
these precursor films is apparently so low, that it does not
suppress the superconducting properties of the film, Fig.4,
line (b) and Fig.5 ().
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FIG. 7. The room temperature Raman spectra of the annealed
(defluorinated) Ba-Ca-Cu-O precursor film.
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4. Conclusions

It seems, that the presence of fluorine in the Ba-Ca
Cu-(O,F) precursor films and eventudly aso in the
resulting Tl-based superconducting films plays an
important role in two directions.

First, in the precursor films deposited from initial
BaF,, CaF, and Cu components, the presence of fluorine
ensures the chemical stability in time against the influence
of an uncontroled atmospheric surroundings. However,
such as-deposited films with elevated amount of fluorine,
when thallinated, they exhibit relatively low T.-values, in
our case of TI-2212 films actually below 50 K. When the
same as-evaporated precursors undergo a thermal heat
treatment in a vacuum, a substantial part of fluorine is
removed and, upon thalination, the Tvaues of
superconducting TI1-2212 films grown from this type of

precursor have increased to the reproducible T, 100K.

Apparently, some ,critical“ amount of the fluorine
content in the films exists, above which the
superconducting properties start to degradate. However,
which is of a primary importance, we found that similar
good superconducting behaviour of TI-2212 films may be
observed also on films, prepared from precursors thermally
processed in vacuum, after 6 months since this treatment.
Following both, the Bragg-Brentano as well as the grazing
incidence mode X-ray investigations we presume, that the
relatively good chemical resistance of precursor films
against the atmospheric surroundings might be mainly due
to the creation of stable BaCuO,, CuO and Ba,CaCuzOg.q
phases during the defluorination annealing process.

The second important point is the role of the
fluorine presence in  the synthesised Tl-based
superconducting films, namely its influence upon
properties of the grown films. So far not many informations
exist in the literature about this subject. Mgjority of those
existing concern the bulk material and some of them are
rather contradictory for instance in a case of the T.-values,
if the fluorine presence increases or decreases these values.
It seems, that the knowledge of the precise amount of
fluorine in films, both, precursor as wel as
superconducting ones, may help to clarify this problem.

The work is therefore on the way in our laboratories
to quantify the amount of the fluorine content in our films
following &l stages involved in the superconducting TI-
based film growth, as well as to investigate more in detail
the influence of the fluorine presence upon
superconducting properties of the prepared Tl-based films.
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