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Effects of the Platelet Structures on the Melt
Textured Growth YBCO Superconductors

Inki Hong, Hyunseok Hwang, Yung-Hee Han, Sang-Chul Han, Tae-Hyun Sung, and Kwangsoo No

Abstract—Melt textured growth YBCO superconductors
were fabricated by the top seeding method using Sm1.8
(Sm1 8Ba2 4Cu3 4O7 ) seed. The relationship between the
Y211 particles and the platelet structures was investigated by
micro-structural analysis using SEM. The microstructures of
melt textured YBCO superconductors have been examined by
TEM and HRTEM. The results of TEM studies clarified the
direction of crystal growth and a variety of micro-defects such as
twin structures and stacking faults that might behave as pinning
centers. Our studies were focused on the stacking faults among
those micro-defects by HRTEM and formation mechanism of the
stacking faults was studied. The stacking faults formed during the
tetragonal to orthorhombic transition that occurred at 450 C in
oxygen annealing. The platelet structures were clearly observed by
SEM due to the chemical etching effects. The lengths of stacking
faults were increased as the oxygen annealing time increased from
1 hr to 50 hr. The stacking faults were considered to relate to
the oxygen contents, as the platelet structures were. The results
suggested an oxygen diffusion model for the formation of the
stacking faults.

Index Terms—Melt-textured growth, oxygen annealing, platelet
structure, stacking fault.

I. INTRODUCTION

FOR practical applications of bulk YBCO superconductors
such as a flywheel and bearing system, a large-sized

sample having a strong flux pinning force is needed. The
melt-textured growth (MTG) technique [1]–[4] is known to
be the most promising method of producing YBaCu O
superconducting materials with a high critical current den-
sity [5]–[9]. The addition of Y211 is beneficial to
enhancement due to the enhanced pinning effect associated
with the Y211/Y123 interfaces [10]. Generally, after peritectic
heat treatment, oxygen annealing follows at temperatures
between 400C and 500 C in an air atmosphere or in flowing
oxygen. A possible mechanism is the oxygenation-induced
formation of stacking fault during the heat treatment in the
oxygen-containing atmosphere. Sunget al. first proposed that
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the CuO stacking faults are formed during low-temperature
annealing for the tetragonal-to-orthorhombic phase transition
[11]. It has been shown that the lines parallel to the–
plane are micro cracks formed at the tetragonal–orthorhombic
(T–O) transition due to the difference in thermal expansion
coefficients between Y123 and Y211 phases [11]. It is known
that these stacking faults are occasionally observable in Y123
prepared by standard sintering or melt texturing processes, and
they have been characterized both by conventional techniques
and by high-resolution imaging. Thus, what is needed is a more
complete description of the microstructure, and that is the pur-
pose of the present investigation. The formation of mechanism
of the platelet structure is discussed on the basis of the oxygen
diffusion mechanism during annealing under flowing oxygen.
The most obvious of these defects are stacking faults (double
Cu–O layers) [12], [13]. The large number of such stacking
faults suggests that some aspect of the fault, such as the partial
dislocation at its border, may be acting as a pinning site. Other
investigators have made the same suggestion based on trans-
mission electron microscopy (TEM) observations of thin-film
samples [14]. High-resolution imaging has shown them to be
double Cu–O layers between the Ba–O layers [15]. Recently,
evidence has been presented that the deliberate introduction
of stacking faults into the Y123 phases through processing
techniques results in a higher critical current density.

II. SAMPLE PREPARATION AND OXYGEN ANNEALING

For this experiment 1 mole YBaCu O and 0.4 mole
Y BaCuo , which were prepared through the solid state
reaction of Y O , BaO and CuO powders, were mixed with
0.5 wt% CeO powder. A single crystal of SmBaCu O
(Sm123) was used as a seed crystal (2 mm2 mm 1 mm).
The single crystals were cut parallel to the growth axis into
(001) oriented samples, which were polished on both sides.
The oxygen diffusion into the Y123 phase is dependent on
both the sample size and the internal microstructure of the
sample as regards the oxygen annealing [16], [17]. Therefore,
the surface of the sample was divided into 2 mm2 mm
size sections to reduce the annealing time. The samples were
annealed in flowing oxygen at temperatures between 450C
and 500 C for 1, 3, 10, and 50 hours, respectively. The crystal
structures of YBCO single crystals were investigated by means
of X-ray powder diffraction. After polishing by DP-paste
solutions , we etched the surfaces
of the samples using a dilute HCl solution. STEM (Scanning
Transmission Electron Microscopy, Philips, CM30) and SEM
(Scanning Electron Microscopy, Philips) were used to investi-
gate the microstructure of the textured YBCO superconductor.
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Fig. 1. These samples are chosen at an arbitrary distance from the seed. These
surface images are normal on theab-plane.

Fig. 2. Relationship between the area fraction of Y211 particles and the
platelet structure length per unit area(�m ) using a linear plot method.

was measured by hysteretic magnetization using a SQUID
(Superconducting QUantum Interference Device, Quantum
MPMS-7).

III. M ICROSTRUCTURES OFMELT-TEXTURED

YBCO SUPERCONDUCTOR

A. Relationship Between the Y211 Particles and the Platelet
Structure

Generally, platelet structure was generated by oxygen an-
nealing in the Y123/Y211 interface. We observed the-plane
samples using SEM (Fig. 1). Furthermore, for each annealing
time we examined the total length of the platelet structure and
that value was divided into the total area. We calculated the
Y211 area fraction in the platelet structure region. We represent
the results using a linear plot method in Figs. 2 and 3.

We found that the slopes increased as annealing time was in-
creased. We investigated the relationship between Y211 area
fraction (%) and the length of platelet structure per unit area
at 10, 50 hours (Fig. 4). As the Y211 area fraction (%) was in-
creased the platelet structure density was increased but over the
25% area fraction the platelet structure was degenerated. There-
fore, at the 24% Y211 area fraction, we investigated the gen-

Fig. 3. Relationship between oxygen annealing time and slope on Fig. 2.

Fig. 4. Relationship between the area fraction of Y211 particles and the
platelet structure length per unit area(�m ).

Fig. 5. Relationship between the oxygen annealing time and the platelet
structure length per unit area(�m ) among the constant Y211 area fraction.

eration of the platelet structure. When the Y211 area fraction
(about 24%) was constant, the platelet structure’s density in-
creased (Fig. 5).

B. The Formation of the Stacking Faults During the Oxygen
Annealing

After SEM observations, the samples were examined by
TEM. TEM observations of samples that were aged in oxygen
flow showed strong modifications in the microstructure. When
observing micrographs with zone axis, we can easily
detect a very large amount of ordered stacking faults near the
platelet structure and a progressive decrease of the width of the
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Fig. 6. TEM image of MTG YBCO, which was annealed by oxygen for 1 hour.

Fig. 7. TEM image of MTG YBCO which was annealed by oxygen during 10
hours.

perturbed area when approaching the Y123/Y211 interfaces.
The platelet structures parallel to the-plane were generated
by 1 hour oxygen annealing (Fig. 6). After 3 to 10 hours
of oxygen annealing, the amount of the platelet structure
increased (Fig. 7). The stacking faults were observed around
the Y211/Y123 interface’s dark parts and these parts were
identified by HRTEM. We examined the stacking faults using
an HRTEM image in the 10 hour oxygen annealing sample
(Fig. 8).

Fig. 8. HRTEM image of MTG YBCO superconductor having oxygen
annealing for 10 hours.

Fig. 9. M–H curve forH k c-axis of MTG YBCO crystals at 77 K.

C. Magnetic Measurements

In all cases, the applied magnetic field H was aligned along
the -axis. Measurements were performed to extract the critical
current densities, . The curves were derived from the
hysteresis loops using the Bean model [18] with the simple for-
mula Acm cm cm ,
where – is the width of the loop, and
and are the large and small lateral dimensions of the
crystal, respectively (Fig. 9). We found that the effects of
oxygen annealing times increased the values of the magne-
tizations. However, in the 50 hour oxygen annealing sample
the value of curves were derived from the hysteresis
loops using the Bean model [18] with the simple formula

Acm cm cm ,
where – is the width of the loop, and a
and b are the large and small lateral dimensions of the crystal,
respectively (Fig. 9). We found that the effects of oxygen
annealing times increased the values of the magnetizations.
However, in the 50 hour oxygen annealing sample the value of

was lower than that in the 10 hour oxygen annealing sample.
In conclusion, the Y123 decomposition’s increase results in the
Y123 superconducting phase’s decrease. Generally, when the
bulk YBCO compound is annealed in the presence of oxygen,
the YBCO compound needs 50 hours oxygen annealing but,
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Fig. 10. Oxygen annealing time vs. Critical current density of the MTG YBCO
crystals by Bean’s critical model.

when the sample sizes of YBCO compounds are very small
such as 2 mm 2 mm 2 mm, the annealing times are
changed. In Fig. 10, was increased by the longer oxygen
annealing time. In samples having different oxygen annealing
times the graph shows an increase. These measurements are in
agreement with the observed increase of the platelet structures
and stacking faults. In the 50 hour oxygen annealing, however,
we found that decreased. This is the reason Y123 phases
decrease as the stacking faults are overproduced.

IV. CONCLUSION

Platelet structures such as BaCuOand CuO stacking faults
that are present around trapped Y211 particles appear to
be formed by decomposition of the Y123 phase during the
tetragonal-to-orthorhombic phase transition [19]. The samples
of YBCO we observed by SEM and TEM showed platelet
structures and stacking faults. The amount of platelet structures
and stacking faults were increased as the oxygen annealing

times were increased. We measured the increase ofusing
SQUID. Consequently, the increase of is a function of the
oxygen annealing time.
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