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Abstract: YBa2Cu3O7−x(YBCO) films were fabricated on an LAO substrate using the trifluoroacetic acid-metal organic deposition 
(TFA-MOD) method and the effects of the humidity and heat treatment temperatures on the microstructure, degree of texture and 
critical properties of the films were evaluated. In order to understand the combined effects of the humidity and the calcining and 
firing temperatures on critical properties, heat-treatment was performed at various temperatures with the other processing variables 
fixed. The films were calcined at 400−430  and fired at 750−800℃   in a 0−12.1% humidified Ar℃ -O2 atmosphere. The texture was 
determined by pole-figure analysis. The amount of the BaF2 phase was effectively reduced and a sharp and strong biaxial texture was 
formed under a humidified atmosphere, which led to increased critical properties. In addition, the microstructure varied significantly 
with firing temperature but changed little with calcining temperature. The highest IC of 40 A/cm-width, which corresponds to JC 
value of 1.8 MA/cm2, was obtained for the films fired at 775  (in 12.1% humidity) after calcining at 400−430℃  . It is likely that ℃
the highest IC value is due to the formation of a more pure YBCO phase, c-axis grains, and a denser microstructure. 
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1 Introduction 
 

YBa2Cu3O7−x(YBCO) coated conductors(CCs) have 
high critical current density(JC) in a magnetic field at 
LN2 temperature. CCs can be successfully prepared by 
various methods including pulsed laser deposition(PLD) 
[1], metal organic chemical vapor deposition(MOCVD) 
[2], BaF2 process[3], and metal organic deposition 
(MOD)[4], etc. Among them, the MOD process has 
several advantages, which include precise controllability 
of the metal content, the wide range of coating materials 
that can be used, and the low cost of the process because 
it does not require vacuum equipment. 

The critical current(IC) of CCs depends on the 
formability of the YBCO phase, existence of a secondary 
phase, texture, grain connectivity and orientation. 
Therefore, the processing variables should be optimized 
in order to obtain a uniform microstructure. The 
TFA-based solution forms a metal-organic containing the 
BaF2 phase through calcination, and the YBCO phase is 
prepared by hydrolysis of BaF2 during a firing heat 

treatment in a humid atmosphere[5]. It is well known 
that an incomplete reaction between the precursors 
results in the presence of BaF2, which reduces the purity 
and texture of YBCO phase, causing a decrease in the 
critical properties[6]. However, the effects of secondary 
phases formed by the incomplete reaction on the critical 
properties, based on the microstructural evolution, such 
as grain orientation, degree of texture, and grain growth, 
have not been studied systematically. 

In addition, some studies have been carried out to 
understand the effects of the processing variables on 
microstructure and critical properties in the TFA-MOD 
process[7−9]. From these studies, the optimum 
conditions of the heating ramp, holding time, and gas 
flow rate have been established. On the other hand, there 
are a limited number of studies aimed at optimizing the 
heating temperature and their results were not well 
consistent with each other[5−6, 10−11]. In order to 
understand the combined effects of the calcining and 
firing temperatures on the microstructure and resultant 
critical properties, it is essential to heat-treat at various 
temperatures with the other processing variables fixed. 
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Therefore, in this study, YBCO films were deposited on 
an LAO substrate using the TFA-MOD method, and the 
effect of the humidity on the formation of a secondary 
phase, microstructure, texture, and resultant critical 
properties were evaluated. The films were calcined and 
fired at various temperatures to relate the microstructural 
evolution to a combination of the heat treatment 
temperatures. 
 
2 Experimental 
 

A solution of Y-, Ba-, and Cu-acetates in TFA at 
molar ratios of Y to Ba to Cu of 13׃2׃ was refluxed at 
74  for 4 h. The solution was then dried ℃ in a vacuum to 
evaporate the TFA and residual acetic acids, leaving a 
blue-colored solid residue. The residue was dissolved in 
methyl alcohol to produce the final solution with a total 
cation concentration of 3 mol/L and was coated onto a 
single crystalline LaAlO3 (00l) substrate using a 
dip-coating method. The film was dried in a vacuum at 
150  for 10 min.℃  

The heat treatment was carried out in two stages: 
calcination and firing. With calcination, the precursor 
films were slowly heated to 400 and 430  in a 12.1% ℃

humidified oxygen atmosphere with a flow rate of 170 
mm/min to decompose the metal trifluoroacetates. The 
calcined films were fired at 750, 775, and 800  for 4 h ℃

in a dry (0%), 4.2%, and 12.1% (in volume fraction) 
humid Ar gas mixed with 1×10−3 oxygen. The fired 
films were then oxidized at 450  in a dry O℃ 2 
atmosphere for 10 h to convert the tetragonal phase into 
a superconducting orthorhombic phase. 

The microstructures of the YBCO films were 
characterized by scanning electron microscope (FE-SEM, 
JSM7000F). The crystalline phases in the films and the 
texture of the film were determined by X-ray 
diffractometer(XRD) and pole figure analyzer 
(BRUKER-AXS, D8 discover), respectively. The texture 
of the specimens was measured by obtaining four 
incomplete pole figures using an X-ray goniometer. The 
ω angle was observed in the range of 0−75˚, and the φ 
angle in the range of 0−360˚ at an interval of 5˚. The 
critical temperature(TC) measurement was made by the 
standard four-probe method using a cryostat. The critical 
current(IC) was also measured using the same method 
with a 1 μV/cm criterion at LN2 (77 K) in a zero field. 
 
3 Results and discussion 
 

To evaluate the effect of humidity during the firing 
process, the coated gel films were calcined at 430  in ℃

12.1% humidified oxygen and fired at 775  in a ℃

0−12.1% humidified Ar gas mixed with 1×10−3 oxygen. 

Fig.1 shows the XRD patterns of the films, indicating 
that the YBCO (00l) plane is parallel to the surface and 
the c-axis orientation is well developed in all films. On 
the other hand, the intensity of the YBCO peaks is 
relatively low, and BaF2 and unknown phases are 
observed in the films fired in 0% humidity. These 
secondary phases disappeared when the humidity was 
increased to 4.2% and an almost pure YBCO phase was 
observed over the humidity range of 4.2%−12.1%. 
Therefore, firing in a humidified atmosphere has a 
beneficial effect on the phase formation of YBCO. In 
general, the overall reaction including the decomposition 
of the precursor and the formation of the YBCO phase 
can be determined from the following equation: 
 
Y2Cu2O5+BaF2+CuO+H2O→YBa2Cu3Ox+HF(g)   (1) 
 

 

Fig.1 XRD patterns of films fired at 775 ℃ in 0−12.1% 
humid atmosphere 
 

This indicates that the crystal growth mechanism of 
YBCO films is controlled by the ratio of the partial 
pressure of H2O gas and HF gas. Therefore, YBCO 
formation does not occur completely during the firing 
process in a low humid atmosphere[12]. 

Fig.2 shows SEM images of the surface of the 
YBCO films. All the films have a crack-free surface and 
c-axis grains formed mainly (i.e., grain, in which the 
c-axis of the lattice is normal to the substrate), while the 
grain morphology is different. For the films fired in 0% 
humidity, the grains are very fine with many small pores 
and white-colored particles. These particles are 
characterized as BaF2 by EDS, and have disappeared at a 
humidity of 4.2%, which is consistent with the XRD 
results. As the humidity is increased, the YBCO grains 
grow further and the surface of the film becomes denser. 
The texture of the films was evaluated by measuring the 
intensity and full width at half maximum (FWHM) from 
the (113) pole-figures (Table 1). The pole intensity of the 
films fired in 0% humidity is low (17.4) and increases 
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significantly to 130.8 and 139.7 for the films fired in 
4.2% and 12.1% humidity, respectively. The FWHMs of 
the in-plane and out-of-plane textures were measured to 
be 8.5˚ and 7.9˚ for the films fired in 0% humidity, 
respectively. These values were reduced to 5.2˚−5.4˚ 
when a humidity of 4.2% or 12.1% was applied. 
Therefore, the texture of the film is improved remarkably 
under a humid atmosphere and the degree of texture does 
not vary in the humidity range of 4.2%−12.1%. The poor 
texture in 0% humidity is probably due to the presence of 
BaF2 phase and the less dense microstructure. 
 

 
Fig.2 SEM micrographs of films fired at 775 ℃ in dry (0%) 
(a), 4.2% (b) and 12.1% (c) humid Ar-O2 gas atmospheres 
 

Table 1 also shows the measured TC, IC, and JC 
values. The TC and IC were undetectably small in the 
films fired in 0% humidity. When the humidity was 
increased to 4.2%, the corresponding TC (zero) and TC 
(onset) increased to 90.5 K and 92.0 K, respectively. 
Similar TC values with a sharp transition range were also 
obtained for the films fired at a higher humidity (about 

12.1%). This suggests that the use of a humid 
atmosphere during firing enhances the formation of a 
YBCO phase with a high oxygen content. In addition, the 
IC increases with increasing humidity and reaches a peak 
of 35 A/cm-width (corresponding JC≈0.9 MA/cm2) at a 
humidity of 12.1%. Based on the XRD pattern, 
pole-figure, and SEM images, it is likely that the highest 
IC value is due to the existence of pure YBCO, a strong 
biaxial texture, and large grain size with a dense 
microstructure. 
 
Table 1 FWHM, intensity, and critical properties of films fired 
at 775 ℃ in 0−12.1% humid atmosphere 

Degree of texture 
Humidity

Intensity In-plane Out-of-plane 

0 17.4 8.5 7.9 

4.2% 130.8 5.5 5.2 

12.1% 139.7 5.3 5.4 

Critical property 
Humidity

TC-onset/K IC/(A·cm-width−1) JC/(MA·cm−2)

0 0 0 0 

4.2% ≈90.5 8 0.2 

12.1% ≈90.0 35 0.9 

 
In order to determine the effect of the calcining and 

firing temperature, the precursor films were fired at 
750−800  for 4 h in 12.1% humidity after calcination ℃

at 400−430  in 12.1% humidified oxygen. Fig℃ s.3(a)− 
(f) show SEM images of the corresponding YBCO films. 
The grain size and density of the films increase with 
increasing firing temperature for the films calcined at 
400  and 430℃  . For both films fired at 750℃  , the ℃

grains are very fine, pores are frequently observed, the 
microstructure becomes denser and the grains grows 
further with increasing the firing temperature. Similar 
microstructures are observed for the films fired at the 
same temperature, regardless of the calcining 
temperature. This indicates that the calcination 
temperature does not affect the film morphology, which 
is in contrast to the firing temperature. 

In addition, the grain orientation varies according to 
the firing temperature. For the films fired at 750 , there ℃

are needle-shaped grains that appear to be a-axis grains 
(in which the a-axis of the lattice is normal to the 
substrate). The fraction of a-axis grains decreased with 
increasing the firing temperature to 775 , and had ℃

disappeared at 800 , sugges℃ ting that the grains consist 
mainly of c-axis grains. This variation in the grain 
orientation with the firing temperature can be explained 
by lattice mismatch between the film and substrate[13]. 
Since the thermal expansion coefficient of the a-axis (α= 
9.6×10−6/K) is smaller than that of the c-axis (α=17.6×  
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Fig.3 SEM micrographs of films fired at 750 , 775℃  , and 800℃   after calcining at 400℃   and 430℃  ℃, respectively: (a) Fired at 
750 ℃, calcined at 400 ℃; (b) Fired at 775 ℃, calcined at 400 ℃; (c) Fired at 800 ℃, calcined at 400 ℃; (d) Fired at 750 ℃, 
calcined at 430 ℃; (e) Fired at 775 ℃, calcined at 430 ℃; (f) Fired at 800 ℃, calcined at 430 ℃ 
 
10−6/K), the mismatch between the a-axis and LAO 
substrate becomes smaller than that between the c-axis 
and the substrate with increasing firing temperature. This 
means that the formation of the a-axis parallel to the 
substrate (i.e., the c-axis grain) becomes energetically 
favorable at higher firing temperatures. This observation 
is consistent with another report[6]. 

Fig.4 shows the variations in the IC of the YBCO 
film as a function of the calcining and firing 
temperatures. At a firing temperature of 750 , the ℃ IC 
value was undetectably small, which is probably related 
to the presence of an a-axis grain and poor YBCO phase 
formability because of the low diffusion kinetics at this 
temperature. Moreover, additional XRD analysis 
indicates that this film contains BaF2 and other unknown 
phases. As the firing temperature increases, the IC 
increases and reaches a peak of 40 A/cm-width 
(corresponds to a JC value of 1.8 MA/cm2) at 775  an℃ d  

 
Fig.4 Dependence of critical current on calcining and firing 
temperatures 
 
then decreases at 800 . It is likely that the increased ℃ IC 
at 775  is due to the formation of a more pure YBCO ℃
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phase, c-axis grain, and denser microstructure. The 
decrease in the IC at 800  is not clearly understood ℃

because the microstructural observation indicating the 
texture, phase purity, and porosity is similar to that at 
775 . It was reported that the YBCO phase was ℃

partially decomposed at 780  and a second℃ ary phase 
formed resulting in a decrease in IC[6]. The secondary 
phase was identified by Raman spectroscopy to be 
BaCuO2 in a study where YBCO films were fabricated 
on LAO using a similar method[6]. Therefore, further 
study will be needed to relate the IC value and the 
microstructural evolution in more detail. 
 
4 Conclusions 
 

1) It is found that the critical properties depended 
significantly on the humidity. The BaF2 phase is 
effectively removed under a humid atmosphere and a 
sharp and strong biaxial texture forms, leading to 
increase in TC and IC. 

2) The IC varies remarkably with the firing 
temperature (750−800 ) but little with the calcining ℃

temperature (400−430 ). As the firing temperature ℃

increases from 750 , the ℃ IC increases and reaches a 
peak of 40 A/cm-width (corresponding to a JC value of 
1.8 MA/cm2) at 775  and then decrease℃ s at 800 .℃  

3) The highest IC value at 775  is due to the ℃

formation of a more pure YBCO phase, c-axis grains, 
and a denser microstructure. 
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