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Investigation of Crystal Defects in YBCO Films 
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Precursor films are deposited on SrTi03 single crystals using Y, BaF2 and Cu as evaporation 
sources at room temperature. The precursor films are subsequently annealed in a low-oxygen 
pressure atmosphere to obtain crystallized YBCO films. We intentionally do not introduce 
water vapor to a reaction chamber in the annealing process. The YBCO films indicate the c-axis 
orientation by x-ray diffraction. Characteristics of critical current density, le, vs. magnetic field 
(le-B) are measured as a function of temperature in magnetic field parallel and perpendicular to 
the film surface. The le value at 77 Kin self-field is approximately 5 MA/cm2

• And the le value 
at 80 K in 10 T (B//ab-axis) is approximately 0.13 MA/cm2

• The Angular dependences of le 
are also measured at several magnetic fields. As a result, it is possible that some pinning center 
exists along the c-axis direction (perpendicular to the film surface). Therefore, we 
observe crystal defects such as twin boundaries, grain boundaries between a- and c-axis 
oriented grains and impurities using a transmission electron microscope (TEM). At a viewpoint 
of microstructure, we discuss whether these defects effectively work as pinning centers along 
the c-axis direction or not. 
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1. INTRODUCTION 
YBa2Cup7_, (YBCO)-coated conductors are 

expected to be useful for numerous applications of high­
Te superconductors. Several YBCO fabrication processes 
using starting materials including fluorine, the so-called 
fluorine processes, have been reported. The merits of 
fluorine processes are that they are relatively simple and 
it is considerably easy to obtain high-le YBCO films. 
The representative processes of the fluorine process are 
the BaF2 ex situ process [1, 2], the TFA-MOD process [3, 
4] and our process. In our process, the film deposition is 
similar to that in the BaF2 ex situ process, which is 
deposited by eo-evaporation of Y, BaF2 and Cu. 
However, annealing conditions are very different from 
those of the other processes, which are a low-pressure 
atmosphere and introduction of only pure oxygen gas. 
Annealing conditions of the other process are 
approximately ambient atmosphere and introduction of 
oxygen gas, water vapor and inert gas such as nitrogen 
gas. 

Our previous work [5, 6] revealed that YBCO films 
were obtained without introducing water vapor when the 
precursor films were annealed in a low-oxygen pressure 
atmosphere. The c-axis-oriented YBCO films were 
successfully prepared on SrTi03 substrates and Y 20 3-

buffered SrTi03 substrates. In the case of approximately 
200 nm thick, the YBCO films almost grew up to the 
film surface when the temperature reached to the 
maximum annealing temperature [7]. It was found that 
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the obtained YBCO films grew epitaxially according to 
the observation of cross-sectional transmission electron 
microscope (TEM) [8]. The layer structures 
corresponding to a unit cell along to the c-axis direction 
are clearly observed in the entire film thickness from the 
interface to the surface top. Furthermore, the columnar 
structures with different contrast were observed in the 
YBCO film cross-sectional TEM images, which is 
perpendicular to the film surface and has the typical 
distance of approximately 50 nm. 
The critical current density, le, at 77 K and in a self-field 
is quite high, approximately 5 MA/cm2 [7]. In the case of 
a magnetic field parallel to the film surface, le at 80 K is 
higher than 0.1 MA/cm2 up to the magnetic field of 12 T. 
In the case of magnetic field perpendicular to the film 
surface, the reduction of le occurs as a common le-B 
property of the high-Te superconductors. The results are 
also compared with the properties of the YBCO film 
deposited by a pulse laser deposition (PLD). The 
magnetic field, BGu where a finite electric resistance 
appears with decreasing electrical field, is slightly better 
than in the YBCO film obtained by PLD, indicating that 
the le-B properties in the high magnetic field are also 
excellent. Furthermore, the differences of the field angle 
dependences of le are revealed between the present 
YBCO film and the PLD-YBCO film. Some kinds of 
pinning center along to the c-axis direction appear to 
exist in the only YBCO film prepared by annealing of 
the precursor film. We discuss pinning centers in the 
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Fig. 1 Critical current densities vs magnetic fields for 
the YBCO film prepared by no-additional-water 
annealing of precursor film and the PLD-YBCO films. 

YBCO films from the viewpoint of microstructures. 

2. EXPERIMENTAL PROCEDURES 
Precursor films were deposited on SrTi03 single 

crystals at room temperature by a eo-evaporation 
technique using Y, BaF2 and Cu as evaporation sources. 
The precursor films were subsequently annealed under a 
low pressure of oxygen atmosphere. Pure oxygen gas 
was introduced near the samples, but water vapor was 
not introduced into the reaction chamber. The annealing 
period at the maximum temperature is 30 minutes. After 
that, the temperature was reduced to approximately 
sso·c, and pure oxygen gas was introduced until the 
chamber pressure was 100 Torr, to fully oxidize YBCO 
films, keeping the temperature at 55o·c. 

The crystal alignment of YBCO films was 
measured by XRD 8-28 scans and <)>-scans. The cross­
sectional TEM images and the plan-view TEM images 
were obtained using a HITACHI HF-2000 microscope. 
The TEM samples are prepared by cutting and milling 
using a focused ion beam. Extend E-J properties were 
measured by a standard four-probe method at various 
conditions of B, T and e. Magnetic field was applied up 
to 12 T. The sample was rotated to change the direction 
of the applied magnetic field. e was defined by the angle 
from the film surface. Namely, 8 =0· is parallel to the 
film surface. 

3. RESULTS 

Fig. 1 shows le-B properties under magnetic fields 
up to 12 T applied perpendicular to the film surface at 
the measurement temperatures of 70, 75 and 80 K. 
Reference le-B curves for 70, 75 and 80 K also, shown 
in Fig. 1 are for the YBCO film deposited by PLD on a 
SrTi03 substrate [8]. The both film thickness are 
approximately 200 nm. The le values in the higher 
magnetic fields of 12 T (70 K), 9 T (75 K) and 5T (80 K) 
are almost the same in YBCO films prepared by the 
present process and by the PLD process. However, le 
differences between the present YBCO film and the 
PLD-YBCO are clearly observed in low and medium 
magnetic fields. The typical curve of the le-B properties 
for the YBCO films obtained by the present process is S-
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Fig.2 Field angle dependences of the critical current 
density at 80 K in l T and 4 T. 

shaped. The change of the curvature of the le-B 
properties by magnetic fields depends on the 
temperature. On the other hands, when the magnetic 
fields applied parallel to the film surface, the le-B 
properties are the almost the same in the PLD-YBCO. 

The magnetic-field angle dependencies of le are 
also measured at the temperature of 80 K and the 
magnetic field of 1 T, showing in Fig. 2. In general, the 
le is decreasing with increasing the angle of the applied­
magnetic field. For example, the PLD-YBCO as the 
reference film in Fig. 1 is not observed a peak at the 90 
degrees. However, a broad peak at the 90 degrees is 
clearly observed in Fig. 2, indicating that some kinds of 
pinning center exists in the YBCO film, which is 
effective in the direction perpendicular to the film 
surface. 

The magnetic-field-angle dependences of le are 
also measured at the temperature of 80 K in the 
magnetic fields of 1 T and 4 T, as shown in Fig. 2. In 
general, le decreases with increasing angle of applied 
magnetic field. For example, the reference PLD-YBCO 
in Fig. 1 does not exhibit le increase at 90 degrees. 
However, a broad peak at 90 degrees is observed in Fig. 
2, indicating that some kinds of pinning centers exist in 
the YBCO film, which are effective in the direction 
perpendicular to the film surface. The magnetic field of 
4 T is almost the crossover point of le at 80 K between 
the both YBCO films, indicating that the good le-B 
properties in higher magnetic field as shown in Fig. 1 
appear to result from some kinds of pinning centers 
perpendicular to the film surface. 

Previous works were on the microstructures of the 
YBCO films, as observed in cross-sectional TEM 
images [3]. This time, we also observed the plan-view 
TEM images of the YBCO films. A large-area plan-view 
TEM image is shown in Fig. 3. Many twin boundaries, 
some a-axis-oriented grains and impurity grains are 
observed. It is found that the columnar structures 
observed as a kind of crystal defect in the cross-sectional 
TEM image results from the twin boundaries, because 
the columnar structures and the twin boundaries 
matched perfectly. Furthermore, impurity grains 
observed in the cross-sectional TEM image and in the 
plan-view TEM image are circles of approximately 50 
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Fig. 3 Plan-view TEM images of the YBCO films. 

nm diameter, indicating that the shape of the impurity 
grains is a sphere. 

4. DISCUSSION 
We discuss whether crystal defects function as 

effective pinning centers perpendicular to the film 
surface. According to the TEM observation, twin 
boundaries, a-axis-oriented grains and impurity grains 
exist in the YBCO films. Impurity grains in the three 
defects only have an isotropic structure and the 
distribution is random and infrequent, suggesting that 
the impurity grains are not effective on pinning centers 
perpendicular to the film surface. Twin boundaries and 
a-axis-oriented grains are clearly crystal defects 
perpendicular to the film surface, indicating that these 
defects have possibility of the effective pinning centers 
perpendicular to the film surface. 

The twin boundaries are generally observed in the 
YBCO films regardless of the fabrication method. 
Therefore, there are many reports which are discussed 
the twin boundaries as the pinning centers. In bulk 
samples, the twin boundaries are generally believed to 
work as the pinning centers [9, 10]. However, the le 
value of bulk samples is not so high in comparison with 
the le level of 105-106 Alcm2 for film samples, which is 
usually the level of 104 Ncm2

• The pinning effect of the 
twin boundaries in film samples has been still studied. 
Yamazaki et al. reported the pinning effect of twin 
boundaries using unidirectionally twinned YBCO films, 
resulting that the experimental results did not indicate 
the evidence of strong pinning centers for twin 
boundaries [11]. The highest Jc is obtained when twin 
boundaries are at 45 degrees for the transport current. 
The Jc parallel and perpendicular to twin boundaries are 
almost the same. Moreover, Safar et al. reported that 
twin boundaries worked as effective pinning centers at 
high magnetic fields [12]. In this case, twin boundaries 
are mosaic and the difference of le in higher magnetic 
field than approximately 4 T is obtained in the case of 45 
degrees for twin boundaries and the case of parallel I 

perpendicular to twin boundaries. The le at 45 degrees 
for twin boundaries is a factor of two higher parallel I 
perpendicular to twin boundaries. This experimental 
result, that is the highest le at 45 degrees for twin 
boundaries, is the same with Yamazaki's result. 
Furthermore, in the comparison between the present 
YBCO film and the PLD-YBCO film, the both YBCO 
film thickness is almost the same to be 200 nm and the 
both substrates are SrTi03 single crystals. However, the 
some kinds of pinning center perpendicular to the film 
surface exist in the present YBCO, while these do not 
exit in the PLD-YBCO, indicating that it is difficult to 
explain these results using twin boundary effect as the 
pinning centers. 

Another possibility of the pinning centers along to 
the c-axis direction is the a-axis-oriented grain. The a­
axis-oriented grains in the c-axis-oriented matrix were 
reported to be effective pinning centers [13]. These 
grains have a rectangular shape in the plan-view TEM 
image. The longer side of the rectangular grains has two 
possible directions in the YBCO films, indicating that 
the longer side is parallel to the superconducting current 
flow, as shown in Fig. 4 (a) or perpendicular to the 
superconducting current flow, as shown in Fig. 4 (b). In 
both cases, the longer size is parallel to the <100>SrTi03 

substrate. Stripes in the YBCO grains show the a-b plane 
of YBCO. According to the cross-sectional TEM image, 
the interface between the a-axis grains and the c-axis 
grains is perpendicular to the film surface and very sharp. 
The conceptual models of the pinning center along to the 
c-axis direction and the interrupt of superconducting 
current flow are shown in Fig. 4 (a) and 4 (b), 
respectively. In the case of Fig. 4 (a), although Lorentz 
force affects the magnetic fluxes, it is difficult for the 
penetrated magnetic fluxes to move across the YBCO 
films. Because this configuration of the a-axis oriented 
grains and the magnetic flux is the same as the case of 
the magnetic field applied in parallel to the film surface 
of the c-axis-oriented YBCO film. Moreover, it is known 
that the capability of superconducting current in the b-
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Fig. 4 Conceptual models of the pinning centers along to the c-axis direction (a) and the interrupt of 
superconducting current flow (h). 

axis direction is much greater than that in the c-axis 
direction. In the a-axis-oriented grains shown in Fig. 4 
(a), the superconducting current flows parallel to the b­
axis direction of the YBCO films. Therefore, we 
concluded that the a-axis-oriented grains have enough 
possibility of the pinning centers along to the c-axis 
direction. 

On the other hand, in the case of configuration 
shown in Fig. 4 (h), magnetic fluxes at the interface 
between a-axis- and c-axis-oriented grains can easily 
move due to a Lorentz force. Moreover, the a-axis­
oriented grains interrupt the superconducting current 
because of anisotropic superconductivity between the a­
/ b-axis directions and the c-axis direction, indicating 
that the effective cross-sectional area of current flow 
decreases. As a result, le reducton occurs when magnetic 
fluxes penetrate perpendicular to the surface of YBCO 
films. We concluded that the a-axis-oriented grains play 
two possible roles of a pinning center of magnetic flux 
parallel to the c-axis direction and an interrupt of 
superconducting current flow. According to the XRD 
measurements, the probabilities of the two distributions 
of the a-axis-oriented grains are almost the same at the 
present. 

5. CONCLUSIONS 
We prepared YBCO films by no-additional-water 

annealing of the precursor films deposited from Y, BaF2 

and Cu at room temperature. The YBCO films exhibit 
good le-B properties. The broad peak of le increase is 
observed at 90 degrees in addition to the large peak at 0 
degree in the measurement of the dependences of le on 
the applied magnetic field angle to the film surface. This 
result suggested that some kind of pinning centers exists 
perpendicular to the film surface in the YBCO films. 
According to the cross-sectional and plan-view TEM 
observations, twin boundaries, impurity grains and a­
axis-oriented grains are observed as crystal defects. The 
a-axis-oriented grains are considered to cause Jc 
reduction when a relatively small magnetic field is 
applied perpendicular to the film surface, and a work as 
the pinning centers oriented perpendicular to the film 
surface. 
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