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This paper systematically investigates the intermediate phases of YBaaCuzO7_, (YBCO) film prepared by met-

alorganic deposition method using trifluoroacetates (TFA-MOD). According to x-ray diffraction and Raman analyses,

the precursor film decomposed in a mixture of BaFa2, Y203 and CuO after the pyrolysis process. Then these inter-

mediate phases converted into tetragonal YBasCu3zOg.5 at about 725°C. The influence of water vapour pressure on

the YBasCuzO7_; film growth on LaAlO3 single-crystal substrates was also studied. The films prepared at low wa-

ter vapour pressures (40-140 hPa) showed poor electrical performance due to the a-axis grain structure and impurity
phases. However, the films prepared at 190 hPa exhibited the highest critical temperature of 90 K and the highest J. of
3.8 MA /cm?, which was attributed to the formation of a purer YBCO phase and stronger biaxial texture.
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1. Introduction

The YBasCusO7_, (YBCO) is currently the most
researched materials for second-generation supercon-
ducting wire, and hopefully the best candidate ma-
terials for wires requiring high critical current den-
sity up to MA/cm? at 77K. Thus, in the develop-
ment of second-generation wires, a primary concern is
choosing a cost-effective manufacturing process that
maintains high electrical performance in the YBCO
film. Among various processes used for the deposition
of YBCO films,!* =9 trifluoroacetate (TFA-MOD) is a
promising approach for its valuable advantages such
as composition adjustability and low cost. Recently,
many research groups have fabricated high quality
YBCO films by TFA-MOD process.["~1% However,
nowadays the intermediate phases proposed to obtain
YBCO film by TFA-MOD method remain controver-
sial and are poorly understood. In previous studies,
Smith et all'”) reported that the intermediate phases
are YoCus O35, BaF5 and CuO, based on their investi-
gations of YBCO films grown on LaAlO3 (LAO) single
crystals. On the other hand, Araki et all®! proposed

the intermediate phases of CuO and Y-Ba-O-F from
their investigations using transmission electron mi-
croscopy (TEM) and x-ray diffraction (XRD). In ad-
dition, Wu et all'® suggested the intermediate phases
of Cus0O and Y-Ba—O-F based on their studies on
YBCO films grown onto SrTiO3 substrates. Although
the proposed intermediate phases are different, they
are finally transformed into YBCO after reacting with
water during the firing process. In these reactions,
the water vapour pressure is a key factor to control
the supersaturation which determines the growth rate
of the YBCO conversion kinetics.

of YBCO films proceeds through a solid—gas chem-

Epitaxial growth

ical reaction involving transport of HoO gas to the
growing interface and the corresponding outward HF
diffusion. Moreover, critical currents of YBCO films
are sensitive to the P(Hy0).["?l Therefore, it is par-
ticularly critical to gain a full comprehension of the
microstructural development mechanisms and the in-
fluence of water vapour pressure on the structure and
properties of YBCO films.

In this work, we present some experimental data
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which assign two different steps for the YBCO forma-
tion by TFA-MOD. The first step is that the coat-
ing is decomposed to oxyfluoride compound and the
second step is the growth of the tetragonal YBCO
thin film. Moreover, we discuss the influence of water
vapour pressure on the microstructure and the critical
currents of YBCO films grown on LAO single-crystal
substrates in a tubular furnace.

2. Experimental details

The trifluoroacetate precursor solution for YBCO
film was prepared by dissolving the acetates of yt-
trium, barium, and copper in a 1:2:3 cation ra-
tio in de-ionized water with an excess stoichiomet-
ric quantity of trifluoroacetic acid at room tempera-
ture. The resulting aqueous solution was refluxed for
10h and then dried to a semisolid state, and then re-
dissolved in methanol for drying. Finally, the residue
was dissolved in sufficient methanol to get the final
trifluoroacetate precursor solution, whose concentra-
tion was 1.5mol/l. The solution was coated onto
10 mmx10 mm (00h)-oriented LAO substrates at a
spinning rate of 3000 rpm for 2 min. Then the sam-
ples were put in a quartz tube within a horizontal
furnace. Coated films were calcined at the tempera-
ture up to 400°C in 4.2% humidified oxygen with a
flow rate of 500 cc/min. The calcined films were fired
at 850 °C with different water vapour pressures in hu-
midified Ar gas mixed with 1000 ppm oxygen gas and
finally oxygenated at 500°C for 1.5h in a pure oxy-
gen gas atmosphere. Different partial water vapour
pressures were obtained by bubbling the carrier gas
through one gas-washer inside a water bath at differ-
ent temperatures.

Surface morphologies of YBCO film were ob-
served by field emission scanning electron microscopy
(FESEM, FEI-Siron). The phase and texture of the
as-grown film was characterized by XRD using Cu-Ka
radiation (Philips X’ Pert MRD) and Raman anal-
ysis. Micro-Raman measurements were carried out
using the 5250 A (1A = 0.1nm) line of an argon-ion
laser at room temperature with a Jovin-Yvon T-64000
Raman spectrometer. The laser power on the speci-
men surface was about 2mW. The x-ray w-scan was
carried out to evaluate the out-of-plane texture. The
in-plane orientations of the film was investigated by
means of ¢-scans. Resistive T, value was measured by
a standard four-probe method and J. was measured

by J.-scan Leipzig system.!?]

3. Results and discussion

3.1. Intermediate phases

To clarify the intermediate phases after the py-
rolysis step, the precursor films coated on the LAO
substrate were put in a tubular furnace and heated to
400°C, 500°C, 600°C, 700 °C and 725 °C respectively
in 4.2% humidified oxygen mixed with Ar gas. And
then the samples were quenched quickly by pulling
them out from the furnace to room temperature. The
different thermal treatments are illustrated in Fig.1.
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Fig.1. Schematic illustration of the heat-treatment sched-
ule.

Figure 2 shows the XRD patterns of the pre-
cursor films heated at 400°C, 500°C, 600°C, 700°C
and 725°C respectively. All of the reflection peaks
in Figs.2(a)-2(d) can be indexed to BaF2, Y203 and
CuO, respectively. These reflection peaks reveal that
the coated film decomposed to BaFs, Y203 and CuO
at 400-700°C according to Eq.(1).

Y(OQCCFg)g + Ba(OQCCFg) + CU(OQCCFg)Q
+ H,0 22 Y03 + BaFy + CuO + COy 1. (1)

On the other hand, with increasing quenching temper-
ature, the intensities of the intermediate phases get
stronger, indicating that the intermediate nanocrys-
tallites grow in size following a coarsening process.
Furthermore, it also can be seen from Fig.2(e) that
(001) YBagCuzOg 5 peaks are displaced to at about
725 °C with some second phases, which suggests that
the intermediate phases begin to transform into the
tetragonal YBasCusOg 5 according to Eq.(2).

BaF; + CuO + Y505
+ Hy0 22 YBayCusOgs + HE 1. (2)
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Fig.2. The XRD patterns of YBCO intermediate phases
with different quenched temperatures (a) 400°C, (b)
500°C, (c) 600°C, (d) 700°C, (e) 725°C.

For further verification, the Raman analysis of
the intermediate phases was conducted, as shown in
Fig.3. One can see that the Raman spectra display
the appearance of the CuO phase as the first crys-
talline phase (Fig.3(a)) and presence of additional
phases BaF5, which can be clearly identified between
500 and 725°C (Figs.3(b)-3(e)). We also observe
from Fig.3(e) that the tetragonal YBasCusQOg 5 begin
formed at 725°C with BaF5 and Y5Og3 phases. The
results agree well with the XRD analysis. Thus, the
YBCO growth process contains two steps essentially.
First, the precursor film begins to be decomposed to
BaFs, Y203 and CuO at 400 °C, then these nanocrys-
tallites grow in size following a coarsening process be-
tween 400°C and 700°C. Finally, the intermediate
phases transformed into the tetragonal YBay;CuzOg 5
at 725°C.
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Fig.3. Raman spectra of the YBCO intermediate phases
with different quenched temperatures (a) 400°C, (b)
500°C, (c) 600 °C, (d) 700°C, (e) 725°C.
3.2. Influence of the water vapour pres-
sure

In order to evaluate the effects of the water vapour
pressure on the microstructure and critical properties

of the YBCO films, we kept all the other processing
parameters constant, the firing processes were carried
out at different water vapour pressures.

Figure 4 shows the dependence of critical temper-
ature and critical current density on the water vapour
pressure for YBCO films.
range of 89-91 K and the difference between the high-
est and lowest T, was 2 K. The results indicated that
T. was not affected much by the water vapour pres-

T. was measured in the

sure. By contrast, it can be clearly seen that there is
a significant change of J. of the YBCO film depend-
ing on the water vapour pressure. In the initial period
J. increased with water vapour pressure. At the wa-
ter vapour pressure of 40hPa, the J. value was only
0.63 MA/cm?. Maximum J.. value of 3.8 MA /cm? was
obtained for the YBCO film prepared at water vapour
pressure of 190 hPa. With increasing the water vapour
pressure, J. of the YBCO films begins to decrease,
which indicates that the films were crystallized fully
at water vapour pressure of 190 hPa.
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Fig.4. Dependence of T. and J. on the water vapour pres-
sure for YBCO films.

Figures 5(a)-5(e) show the XRD patterns of the
YBCO films prepared at water vapour pressure of
40 hPa, 90 hPa, 140 hPa, 190 hPa and 240 hPa, respec-
tively. It can be seen that the major diffraction peaks
corresponding to the (001) plane was developed for all
the films. But from Fig.5(a), we observe that there
are some weak peaks which assigned to BaFs impu-
rity phases besides YBCO phase.
the YBCO film prepared at water vapour pressure

It suggests that

of 40hPa is partially crystallized. Higher resolution
XRD patterns with 26 scaling from 20-25° for the
YBCO film is given in right side of Fig.5. For samples
a, b and c, there is one peak at 20 angles of 23.261 °
which can be indexed to the YBCO (100) phase. It can
be concluded that the YBCO a-axis grain is emerged
when P(H30) is low. On the other hand, the YBCO
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films prepared above 190 hPa of water vapour pres-
sure are completely crystallized with a pure YBCO
(001) phase and no impurity phase. Therefore, the
P(H30) is a key factor to modify the balance between
the nucleation rate of c-axis and a-axis oriented grains
at fixed growth temperatures. In our case, the YBCO
films prepared with low water vapour pressure (below
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140hPa) have impurity phase and a-axis grains. This
may be explained as follows: at lower partial water
vapour pressure, water molecules consumed to form
YBCO thin film are insufficient; when partial water
vapour pressure increases until a critical value, water
molecules is enough to support pure c-oriented YBCO
film growth.
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Fig.5. The XRD patterns of YBCO films with different water vapour pressures (a) 40hPa, (b) 90hPa, (c)
140 hPa, (d) 190 hPa, (e) 240 hPa.

To characterize the texture of YBCO films, the (1 0 3) phi-scan and x-ray (0 0 5) omega-scan of the YBCO
film were performed, as shown in Fig.6. It can be seen that the textures of all of the films were mainly biaxial
texture. However, the full width at half maximum (FWHM) of the omega-scans and phi-scans are different.
The FWHMSs of the out-of-plane texture were measured to be 1.00°, 0.75°, and 0.71° for the films prepared
at 140 hPa, 190 hPa, and 240 hPa of water vapour pressure, respectively, and the corresponding FWHMs of
the in-plane texture were 0.87°, 0.53°, and 0.51° (as shown in inset of Fig.6). It should to be noted that the
YBCO films fabricated above 190 hPa of water vapour pressure show stronger biaxial texture.
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Fig.6. (1 0 3) Phi-scan of the YBCO films prepared at different water vapour pressures (a) 140 hPa, (b) 190 hPa,
(c) 240 hPa. The inset shows the (0 0 5) omega-scan of the film.
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Figure 7 shows the SEM micrographs of the
YBCO thin films prepared at different water vapour
We can observe the evolution of surface
From
Figs.7(a)-7(c), it can be seen that some a-axis grains

pressures.
morphologies with different water pressures.

are easily identified due to their platelet-like shape
and their orientation parallel to the orthogonal (100)

5.0ky#4. 0% x20.0k SB(M)

axes of the substrate. The result is consistent with the
XRD analysis. Meanwhile, a smooth surface without
any a-axis grain could be observed in the whole area
of YBCO film fabricated at 190 hPa of water vapour
pressure, which was observed in Fig.6(d). However,
when the water vapour pressure increases to 240 hPa,

some pores appeared in the YBCO film.

Fig.7. The SEM micrograph of YBCO films with different water vapour pressures (a) 40 hPa, (b) 90 hPa, (c)

140 hPa, (d) 190 hPa, (e) 240 hPa.

Combining with Figs.4, 5 and 6, we can easily
find that the critical current density of YBCO film
is very semnsitive to texture, phase purity and poros-
ity. The YBCO films prepared at low water vapour
pressure (40-140hPa) have lower J. value due to im-
purity phases and a-axis grains. The films prepared at
190 hPa of water vapour pressure showed the highest
Je of 3.8 MA /em? which is attributed to the formation
of a purer (001) YBCO phase and stronger biaxial tex-

ture.

4. Conclusions

In this study, the reaction mechanism of YBCO
growth from TFA precursors was firstly investigated
It is indicated that
the precursor film has been decomposed to BaFs,

by XRD and Raman analysis.
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Y203 and CuO at 400°C, then these nanocrystal-
lites grow in size following a coarsening process be-
tween 400°C and 700°C and finally transform into
tetragonal YBaoCu3Og 5 at 725°C. The influence of
water vapour pressure on YBasCuzOr7_, film growth
on LAO single-crystal substrates was also studied.
It is found that P(H2O) is a key factor to modify
the balance between the nucleation rate of c-axis and

a-axis oriented grains at fixed growth temperatures.
The films prepared at lower water vapour pressure
(40-140hPa) show poor electrical performance due
to a-axis grain structure and impurity phases. How-
ever, the films prepared at 190 hPa exhibit the high-
est critical temperature of 90 K and the highest J. of
3.8 MA /ecm?, which was attributed to the formation
of a purer YBCO phase and stronger biaxial texture.
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