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Superconducting oxide films with high transition temperature prepared from

metal trifiucroacetate precursors

A. Gupta, R. Jagannathan, E. [. Cooper, E. A, Giess, J. |. Landman, and B. W. Hussey
IBM Thomas J. Watson Research Center, Yorktown Heights, New York 10598

(Received 6 April 1988; accepted for publication 21 April 1988)

Superconducting thin films of Y-Ba-Cu oxide have been prepared on yttria-stabilized zirconia
substrates using metal trifluoroacetate spin-on precursors. The films exhibit an extremely
sharp resistive transition with zero resistance at temperatures as high as 94 K. The
superconducting phase is formed by a three-step process: (&) decomposition of the spun-on
triffuoroacetate film to the fivorides, (b} conversion of the fluorides to oxides by reacting with
water vapor, and (¢) annealing followed by slow cooling in oxygen. The properties of the films
depend on the amount of conversion of the flucrides by reaction with water. Films which show
the presence of some unreacted barium fluoride have strong c-axis normal preferred
orientation, with a sharp resistive transition. When all the barium fluoride is converted, the
film is more randomly oriented and exhibits a broader transition to zero resistance.

Since the discovery of superconductivity at high tem-
peratures in copper oxide perovskites, deposition of thin
films cf the materials has been demonstrated using a variety
of vacuum and nonvacuum techniques. '™ While bulk sam-
ples of the ¥ Ba,Cu,0,; , (1-2-3) superconductor which
exhibit complete superconductivity at temperatures around
90 K with 1-2 K transition width can be prepared routinely,
it is much more difficalt to prepare thin films with such high
transition temperatures. This is primarily due to interaction
of the film with the substrate during annezling, which leads
to substitution and formation of unwanted phases in the
fiim. Difficulty in controliing the exact composition during
deposition, and sensitivity of barium oxide to H,0 and CQ,,
also cause formation of secondary phases. All of these fac-
tors restit in broadening the resistive transition, even though
the onset temperature may remain unaffected.

Solution precursors of Y, Ba, and Cu, like nitrates™ and
different carboxylates,” have been used for preparation of
superconducting films of 1-2-3 by nonvacuum technigues.
The solution is sprayed or spun-on to the subsirate and con-
verted to the oxides by thermal decomposition at tempera-
tures of 300-500 °C. The crystalline superconducting phase
is formed by subsequent annealing in oxygen at a higher
temperature. Besides process simplicity, the use of solution
precursors allows accurate control of composition and inti-
mate mixing of the constituents. However, carbon conta-
mination during decomposition (of carboxylates) and reac-
tivity of the intermediate barium oxide result in formation of
superconducting films with fairly broad transition.

We have used a spin-on solution containing 8 mixture of
Y, Ba, and Cu trifiuorcacetates (TFA) to prepare supercon-
ducting films of yttria-stabilized zirconia (YSZ) substrates
which exhibit an extremely sharp resistive-to-superconduct-
ing transition and have zero resistance at temperatures high-
er than 96 K. Unlike nitrate and carboxylate precursors, the
trifiuoroacetates decompose primarily to the flucrides
which are much less sensitive to moisture and carbon conta-
mination. The advantage of using BaF, in place of 3 Ba metal
source for preparing superconducting films with reproduc-
ible properties by coevaporation has beer: noted before.” By
using precursors of Y, Ba, and Cu, which provide flucride
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intermediates, we have achieved zero resistance in thin films
at a temperatare as high as 94 K, which is one of the highest
values reported for films of Y-Ba-Cu oxide.

The yttrium and barium trifluoroacetates [Y{TFA},
and Ba(TFA),] were prepared by reacting Y,0O, and
BaCO,, respectively, with aqueous trifiuoroacetic acid
(CF,COOH) and evaporafing to dryness. Cu{TFA), was
prepared by reacting Cu metal with trifluorocacetic acid in
the presence of hydrogen peroxide. Thermogravimetric
analysis of the individual trifluorcacetates (4 °C/min) car-
ried out in argon atmosphere shows that they slowly lose
their water of crystatlization between 50 and 200 °C, and
then ali of them decompose fairly readily around 300 °C. The
decomposition temperatures are lowered by as much as 30—
70 °C when the decomposition is carried out in oxygen atnio-
sphere. The weight loss and z-ray analysis of the powders
decomposed in argon show that Y{TFA), and Ba{TFA),
decompose to the respective fluorides, YF; and BaF.,.
Cu(TFA), forms & mixture of CuF,, Cu,, and CuC. A
small amount of an air-sensitive volatile solid, which we
kave not identified, is also formed during decomposition of
Cu(TFAY),. Fluoride decomposition products are also ob-
served for Y{(TFA), and Ba(TFA), when the decomposi-
tion is carried out in oxygen atmosphere, whereas
Cu({TFA), decomposes to form CuF, and CuQ. Formation
of fiuorides by decomposition of rare-earth trifluoroacetates
has been reported in an earlier study.® The volatile products
which were identified include (CF,C0),0, CO,, CG, and
some secondary decomposition products. For the 1-2-3 mix-
ture of Y-Ba-Cu trifluoroacetates, we observe complete de-
composition at a temperature of 34 °C in argon atmosphere,
with a weight loss of 64%. WNo further weight change is ob-
served up o 900 °C. In an oxvgen atmosphere, complete de-
composition occurs at around 310 °C with similar weight
foss.

The fluorite substitution makes all the three triflucroa-
cetates readily soluble in a variety of organic solvents, in-
cluding alcohols. We prepared the solution in methy! alco-
kol for spin-on application on single-crystal substrates of
yitria-stabilized zirconia. Both {(100) oriented and random-
Iy cut substrates were used for the study. The concentration
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was adjusted so as to produce ~ 3-um-thick films at a spin
speed of 2000 rpm. The spun-on films are amorphous, as
determined by x-ray, and are featureless. The films are de-
composed by slowly heating them in air to a temperature of
400 °C. X-ray pattern shows that the films are still mostly
amorphous afier this step, with some broad diffraction peaks
that can be assigned to BaF,. The film thickness after decom-
position is 1.0-1.1 gm. A second layer is spun on and decom-
posed to build up the thickness to ~2 um.

To form the superconducting phase, a typical sample is
heated in an oven at 850 °C for 30 min under flowing helium
saturated with water vapor. Heliwm is bubbled through wa-
ter at room temperature to introduce the water vapor into
the oven. This is followed by a short anneal {5-10 min) in
dry helium at temperatures of 900-820 °C. The helium flow
is then stopped and replaced by dry oxygen flow, and the
oven is shut off. The sample is then allowed to cool in the
presence of flowing oxygen over & period of 3 h to below
200 °C before being removed from the oven (procedure 1),
The short anneal at 900-920 °C is required for sharpening
the superconducting transition as will be described later.
The thickness of the superconducting film is 0.8-1.0 gm.
Scme superconducting films were also prepared by directly
heating the sample in presence of moist helium at 920 °C for
5-10 min and then slowly cooling in oxygen (procedure 2).
We have found that water vapor is essential to converting the
fluorides to oxides throngh formation of hydrogen fiuoride.
An insulating mixed fivoride phase is formed by heating in
helium or oxygen zlone. The films produced by directly
reacting with water at 920 °C tend to be rougher as compared
to films reacted ai 8530 °C and then annealed at the higher
temperature. This probably is a result of enhanced reactivity
at the higher iemperature. Elemental analysis of the films by
inductively coupled plasma emission speciroscopy shows
the relative concentration of Y:Ba:Cu to be within 5% of
1:2:3.

X-ray diffraction patterns of films annealed using the
two different procedures are shown in Figs. 1(a) and i(b).
The major peaks in the pattern correspond to the (G0{) re-
flections of the superconduciing oxide phase, indicating a
strong c-axis normal preferred orientation. Barium fluoride
and an unidentified third phase, with Bragg peaks (Cu Ka
radiation) occurring at 20 ~ 15.66, 31.53, and 65.77, are
also present. The fraction of the unidentified phase is rouch
lower when the film is reacted in presence of water at 920 °C
[Fig. t(a)]. It is interesting tc note that in both cases the
barium fluoride is also textured with enhanced {(111) reflec-
tion. The [111] long diagonal in the BaF, unit cell is only
1.5% shorter than twice the [ 110] diagonalin the 1-2-3 unit
cell, which may lead to mutual preferred orientation of the
two phases. When the film is reacted with water for a longer
period to convert all the barium fluoride, the preferentiai
orientation of the 1-2-3 phase is significantly reduced [as
seen in Fig. 3(¢)]. The unidentified phase is, however, still
present. Similarly, when the films are heated directly at
920 °C in the presence of water for 2 longer period, it results
in the formation of only the 1-2-3 phase with random orien-
tation. Thus preferential orientation of the 1-2-3 phase only
occurs in the presence of barium fluoride. The high degree of
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FI1G. 1. X-ray diffraction patterns of superconducting films prepared using
different annealing procedures: (a) procedure 2, 920 °C (10 min}; (b) pro-
cedure 1, 8§50 °C (30 min), 920 °C (S min}; and (¢) procedure 1, 850 °C (60
min}, 920 °C (5 min}. The prominent peaks observed for the 1-2-3 phasz are
labeled in (a}, BaF, peaks are labeled in (b), and unidentified peaks
marked by = in (¢). Note that the vertical scale has been expanded X5 in

(c).

texture is apparent from the scanning electron micrograph
shown in Fig. 2(a). The grains grow as large interconnected
platelets which lie paraliel to the surface. Smaller grains with
spheroidal morphology decorate the surface of the platelets.
Energy dispersion x-ray analysis shows that these grains
contain 2 large fraction of barium and are believed to be rich
i barium fiuoride. These grains are noticeably absent when
the film is heated in presence of water for a longer period to
conver! all the barium fluoride {Fig. 2(b)]. The supercon-
ducting grains in this case grow as needles and platelets

{a) (b)
I0um

FIG. 2. Scanning electron micrographs of films prepared using procedure 1
by reacting in presence of water for (a) 30 min and (b} 60 min. The corre-
sponding x-ray patterns are shown in Figs. 1{b) and 1(¢), respectively.

Gupta ef &/, 2078




which are randomly oriented. The results obtained using
(100} oriented and randomly oriented YSZ substrates were
very similar, soggesting that texturing of the film is not relat-
ed to subsirate orientation alone.

For measuring the resistivity of the films as a function of
temperature, a continuous flow cryostat with temperature
controller was used. The details of the sample preparation
and measurement have been described in an earlier publica-
tion.” A temperatore-calibrated silicon diode ( + 0.1 K)
was mounted next to the sample for accurate temperature
measurement. Figure 3 shows the normalized resistivity in
the transition region of the three films whose x-ray patterns
were shown in Fig. 1. Films produced using both proce-
dures, which are preferentially oriented and contain BaF,,
have an extremely sharp resistive transition with zero resis-
tance obtained at 92-94 K and 10-90% transition width of
1.5-1.7 K [Figs. 3{a) and 3(b}]. On the other hand, when
the films are reacted for a longer period to convert all the
BaF,, a broader transition is observed with zero resistance
obtained at 83 K [Fig. 3{c)]. We have also measured the
resistivity of films which are heated only to 850 °C without
annealing at the higher temperature. The room-temperature
resistivity of these films is comparable to the above films.
They, however, exhibit a much broader transition with zero
resistance at temperatures around 77 K. The above results
have been consistently reproduced for a2 number of films
which have been prepared to date. Itis observed in Fig, 3 that
the superconducting transition gets sharper with larger drop
in resistivity between room temperature and the supercon-
ducting onset temperature, simifar to what has been ob-
served by other investigators. The critical current density of
films with 7, (R = 0) higher than 90 K is about 1000 A/
cm? at 77 K, whereas films with broader transition, which
are also less textured, have critical current density which is
an order of magnituede lower.

The superior properties obtained using fluoride precur-
sors are consistent with results obtained by Mackiewich ef
al. for films deposited by coevaporation on SrTiQ; sub-
strates using BaF, instead of Ba.® Our results suggest that a
sharp transition with zero-resistance temperature higher
than 90 K is obtained only when some of the flucride, pres-
ent as BaF,, is left unreacted. The BaF, certainly helps in
preferentially orienting the superconducting phase. It is in-
teresting to note that a sharp transition is observed in these
films in spite of presence of secondary phases, uniike films
prepared from metal or oxide sources. A possible reason for
the improved properties could be fluorine substitution in the
superconducting phase, although we do not have any evi-
dence at present to substantiate it. An earlier claim of super-
conductivity in flucrine-substituted bulk samples of Y-Ba-
Cu oxide at temperatures as high as 155 K by Ovshinsky er
al.” has been largely discounted by a number of recent publi-
cations.” '” There is, however, some evidence that low-level
fluorine substitution in bulk samples does sharpen the transi-
tion and increases the T, (& = Q) to0 93 K,'® which is very
similar to our results.

In summary, we have demonstrated the use of 2 new
spin-on sclution precursor to produce superconducting Y-
Ba-Cu oxide films on YSZ subsirates which show very sharp
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FiG. 3. Normalized resistivity vs temperature for three films whose x-ray
patterns are shown in Fig. 1.

resistive fransition with zero resistance at temperatures
higher than 90 K. The superconducting phase is formed
from fiuoride intermediates which are converted to the ox-
ides by reaction with water vapor. Preferential orientation of
the film, with the ¢ axis normal to the substrate, and a sharp
transition is ocbserved only when some of the flucride phase is
left unreacted. We are presently studying the properties of
the films by systematically varying the flucrine concentra-
tion.
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