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Antiphase domain boundaries in the superconducting phase of the Y-Ba-Cu-O system
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Transmission-electron-microscopy examination of the superconducting phase of the Y-Ba-Cu-O
system reveals the presence of dense antiphase boundaries. The structure of the superconducting
phase was determined to be orthorhombic with space group Pm2m. The orthorhombic a and b
axes are found to alternate across the antiphase boundary which runs parallel to the [110] direc-

tion.

Since the report of possible high-7,. superconductivity
in the La-Ba-Cu-O system' and subsequent confirmation
of the bulk superconductivity in this system,2”> the search
for even-higher-T, superconductors has been intensified in
recent months. A recent report of superconductivity at
90-95 K in the Y-Ba-Cu-O system® has generated even
greater excitement in the scientific community. The re-
ported high-7, superconducting Y-Ba-Cu-O system with
optimal composition Y;;BaggCuQ4—5 was found to be
polycrystalline with a mixture of several different phases.
Cava et al.” further identified the superconducting phase
as Ba;YCu3Oy -5 from a single-phase sample. The struc-
ture of the superconducting phase has also been deter-
mined from powder x-ray data’ as orthorhombic with a
unit cell of a=3.822 A, »=3.891 A, and c =11.677 A.

In this Rapid Communication we present microstruc-
ture studies of the superconducting Y-Ba-Cu-O system by
transmission electron microscopy (TEM). We find that
the superconducting phase is characterized by the pres-
ence of antiphase domain boundaries. Electron diffraction
studies of the superconducting phase also yield an ortho-
rhombic crystal structure with lattice parameters in good
agreement with the x-ray results. Furthermore, we deter-
mine the space group of the superconducting phase as
Pm2m.

The Y-Ba-Cu-O compounds were prepared from Y,03,
BaCO3, and CuO powders pressed into pellets. The syn-
thesis of such compounds of varying composition ratios
will be reported elsewhere.® In this work two bulk spe-
cimens were made, one with a composition of
Y, 2BaggCuOy4 -5 (sample 1), the other of YBa;Cu3Og—5
(sample 2). The pressed pellets were repeatedly ground
and sintered at 950°C in air or O; for 10 h, followed by
1000°C in O; for 2 h, then slow cooled in O,. The resis-
tivity versus temperature was measured in the standard
four-point configuration by both ac and dc methods. The
10%-90% transitions are at 92-91 K, and 94-92 K for
samples 1 and 2, respectively. Zero resistance is reached
at 90 and 91 K, correspondingly. The x-ray diffraction
pattern of sample 1 displays multiple phases. However, a
substantially simpler diffraction pattern was reproduced
in sample 2, suggesting both samples share a common su-
perconducting phase. Samples for TEM were prepared by
mechanical polishing followed by ion milling. TEM ob-
servations were made in a JEOL 2000FX 200-kV electron
microscope equipped with both liquid-nitrogen and

3

liquid-He sample stages. All the electron diffraction pat-
terns shown in this work were obtained at a temperature
~110K.

The first sample we studied was the mixed-phase
Y ,BaggCuQO4-5. TEM examinations reveal two types of
grains with very distinct appearance. Type A, which oc-
cupies about 70% of the sample area, is free of any obvi-
ous line or planar defects, whereas type B, which occupies
about 30% of the area, is densely packed with somewhat
regular and parallel planar defects. An electron micro-
graph showing the two types of grains is shown in Fig. 1.
Further studies of the pure-superconducting-phase
YBa;Cu3O9-5 system reveal that type-B grains are
predominant and we therefore conclude that type-B grains
with the presence of parallel antiphase boundaries are the
superconducting phase. However, we note that the sepa-
ration of the antiphase boundaries is larger (< 1000 A) in
the pure-phase sample.

In Figs. 2 and 3 we show electron diffraction patterns

FIG. 1. Bright-field image showing two types of grains in the
mixed-phase Y;2BagsCuOs-;5 system. Grain 4 shows no obvi-
ous line or planar defect and grain B, which is the superconduct-
ing phase, is packed with antiphase domain boundaries.
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FIG. 2. [001] zone-axis electron diffraction patterns with (a)
parallel-beam illumination and (b) convergent-beam illumina-
tion (CBED). Note that a much longer exposure time was used
to bring out details of the diffraction disks near the central re-
gion in the CBED pattern.

obtained along two different zone axes. Two types of elec-
tron diffraction patterns are shown in Figs. 2 and 3. Figs.
2(a) and 3(a) were obtained with parallel-beam illumina-
tion, whereas Figs. 2(b) and 3(b) were obtained with
convergent-beam illumination with a ~200-A probe on
the sample. As a result of beam convergence, diffraction
disks instead of sharp diffraction spots were obtained in
Figs. 2(b) and 3(b). Figure 2(a) suggests lattice plane
spacings of 3.80 and 3.86 A perpendicular to the zone
axis, whereas the first-order Laue zone (FOLZ) in Fig.
2(b) gives a spacing of 11.55 A in the direction along the
zone axis. We note that the intensity of the FOLZ is
unusually low. The reason for this is not clear at present.
Figure 3 was actually obtained by tilting the sample 33.2°
with respect to the 3.86-A axis. We find that it is possible
to index the diffraction patterns of Figs. 2(a) and 3(a)
with a primitive orthorhombic cell of a =3.80 A, b=3.86
A, and ¢=11.55 A. The structure agrees very well with
the x-ray results within the accuracy of the electron
diffraction. We find that the zone axes for Figs. 2 and 3
are [001] and [201], respectively. Convergent-beam elec-
tron diffraction (CBED) patterns such as those shown in

FIG. 3. [201] zone-axis electron diffraction patterns with (a)
parallel beam illumination and (b) convergent-beam illumina-
tion (CBED). Note that a much longer exposure time was used
to bring out details of the diffraction disks near the central re-
gion in the CBED pattern.

Figs. 2(b) and 3(b) contain the point-group symmetry in-
formation of the crystal structure.® By close examinations
of the symmetries of CBED patterns along [001] and
[201] zone axes [Figs. 2(b) and 3(b)] we find that there
exists only one mirror plane perpendicular to the b axis.
Following the well-established procedure for point-group
determination from CBED patterns,” we conclude that
the point group of the superconducting phase is m2m.
The space group is therefore Pm2m.

Let us now return to the antiphase boundary structure
in the superconducting grains as shown in Fig. 1. It is
common in many metallic alloy systems that dense anti-
phase and/or twinned boundaries would form when non-
cubic ordered phases were precipitated from the cubic
solid solutions.'® The driving force for the formation of
these antiphase-twinned boundaries is the minimization of
transformation strain energies. The antiphase boundaries
which are parallel to the ¢ axis were also found to run
parallel to the [110] direction. CBED [001] zone-axis
patterns obtained from two adjacent domains [Figs. 4(a)
and 4(b)] give identical patterns but with symmetry rotat-
ed 90° to each other. We therefore have an antiphase
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FIG. 4. (a) and (b) magnified CBED patterns along the
[001] zone axis obtained from two adjacent domains across an
antiphase boundary. Note the symmetry of CBED patterns are
90° to each other. (c) Schematic showing the change of domain
orientation across antiphase domain boundaries.

boundary across which the orthorhombic a-b axes are
switched and become b-a axes as indicated in Fig. 4(c).
This kind of antiphase boundary structure seems to sug-
gest that the crystal structure at some higher temperature
should be tetragonal as in the case of perovskite La,CuQO4
crystal which exhibits a tetragonal-to-orthorhombic tran-
sition at 260°C.!" Similarly, the high-T, superconductor
La; 35Srg.1sCuOy4 has a tetragonal-to-orthorhombic phase
transition for 7 5200 K.'?> We have observed similar an-
tiphase boundaries in both La,CuO, (Ref. 13) and
La, §5Srg15CuO4.'* We note that antiphase boundaries
were also seen in the Ba-Bi-Pb-O superconductors. !’ It is
possible that the formation of antiphase boundaries may
be closely related to the attainment of high superconduct-
ing transition temperatures in this class of oxide supercon-
ductors.

In summary, we have observed the formation of anti-
phase boundaries in the superconducting phase of Y-Ba-
Cu-O system. The orthorhombic a-b axes are found to al-
ternate across a antiphase boundary. We have also deter-
mined the space group of this phase as Pm 2m.
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FIG. 1. Bright-field image showing two types of grains in the
mixed-phase Y :BagsCuQOs-5 system. Grain A4 shows no obvi-
ous line or planar defect and grain B, which is the superconduct-
ing phase, is packed with antiphase domain boundaries.



FIG. 2. [001] zone-axis electron diffraction patterns with (a)
parallel-beam illumination and (b) convergent-beam illumina-
tion (CBED). Note that a much longer exposure time was used
to bring out details of the diffraction disks near the central re-
gion in the CBED pattern.



FIG. 3. [201] zone-axis electron diffraction patterns with (a)
parallel beam illumination and (b) convergent-beam illumina-
tion (CBED). Note that a much longer exposure time was used
to bring out details of the diffraction disks near the central re-
gion in the CBED pattern.



FIG. 4. (a) and (b) magnified CBED patterns along the
[001] zone axis obtained from two adjacent domains across an
antiphase boundary. Note the symmetry of CBED patterns are
90° to each other. (c) Schematic showing the change of domain
orientation across antiphase domain boundaries.



