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Direct observation of discommensurate walls in Bi-Ca-Sr-Cu-0 superconductors
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The dislocations and twins in superconducting Bi-Ca-Sr-Cu-0 samples are examined by scanning
electron microscopy and transmission electron microscopy. The results indicate that these defects
are inherent to the materials. The grains are large in size (1-10pm}, but they are frequently divided
into subgrains by low-angle grain boundaries. Furthermore, evidence is found for discommensurate
walls associated with incommensuration along the b axis.

INTRODUCTION

Since the discovery of high-T, superconductors La-
Ba-Cu-0 (Ref. 1) and Y-Ba-Cu-0 (Ref. 2), many other ox-
ides have shown superconductivity at high temperature:
e.g. , Bi-Ca-Sr-Cu-O, Tl-Ba-Ca-Cu-O, and Ba-K-Bi O.
Among these, Bi-Ca-Sr-Cu-0 superconductors ( T, = 85
and 110 K) have drawn much attention since they pro-
vide high T, and are easier and cheaper to fabricate than
the others. It is known, however, that these materials ex-
hibit incommensurate superstructures along the b axis in
the orthorhombic phase and that the materials are com-
posed of both low- and high-T, superconducting phases.
Direct observation of the incommensuration by electron
di6'raction is abundant in the literature. " However,
the origin and nature of the incommensuration is not
known yet, although several explanations have been pro-
posed. These include clustering of Sr and oxygen vacan-
cies, occupational and/or positional fluctuation of Bi
sites in the Bi202 layer, the aperiodic replacement of Bi
by Cu, ' and the presence of antiphase boundaries. '

Many investigators have tried to single out the low-
and high-T, superconducting phases. Identification of

the low T, pha-se (85 K) was successful in Ref. 14. This
phase has lattice parameters: a=0.54 nm, b=5a, and
c=4&2a. However, the crystallographic details of the
high-T, phase (110 K) are still under investigation, al-

though the high-T, phase is known to have a tetragonal
structure (a =0.54 nm and c =3.7 nm). ' Thus, the ob-
jective of this work is to examine the microstructural de-
tails of Bi-Ca-Sr-Cu-0 superconductor s utilizing
transmission electron microscopy (TEM). Special atten-
tion is given to the characterization of the nature of the
incommensurate superstructures as well as the presence
of other defects.

EXPERIMENTAL

Samples were prepared by solid-state reaction from
powders CaCO&, SrCO3, Cu20, and Bi. Three nominal
compositions were prepared: BiSrCaCu20„with ( A )

and/or without (B) Pb in trace amounts and
BiSrCaCu30„(C), respectively. The magnetization of
samples was reported previously. ' Specimens for scan-
ning electron microscopy (SEM) were prepared by
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FIG. l. SEM micrograph of fractured sample B. FIG. 2. BF image of sample A (zone axis (z) =near[001]).
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? Additionally, bright/dark field (BFFFDF) imaging modes
were utilized along with high-resolution electron micros-
copy (HREM).

RESULTS AND DISCUSSION

?

?

? P

F

P

P

F

? ?

'j.;:, (Y:::-',:."-,
„

( .P.
le '

FIG. 3. BF image of sample C.

fracturing the sintered samples. SEM examination was
conducted in a CamScan Series 4 operating at 35 kV.

For TEM, the sintered samples were ground in an
agate mortar and pestle and collected on carbon coated
copper grids. Ion milling was done on mechanically
ground samples. TEM was performed using a Philips
EM 420 T analytical electron microscope operating at
120 kV using both room temperature and liquid-nitrogen
cold stages. The crystallographic orientation and lattice
constants of the samples were determined using a
combination of selected-area-diffraction (SAD) and
convergent-beam electron-diffraction (CBED) patterns.

The morphology of the superconductors was investi-
gated on fractured samples by SEM. A typical example
is shown in Fig. 1 (sample B) One can see a steplike
morphology. This indicates that the materials are lay-
ered and that the fracture occurs on a specific family of
planes. Platelets of approximately 10 LMm in size can be
seen. However, this does not correspond to the grain
size, since these platelets often contain several grains.

Almost all the crystal fragments on the carbon-coated
Cu grids reveal grains with the [001]zone axis. This indi-
cates that (001) is a cleavage plane for this material. '7

Such cleavage planes are shown in the steplike morpholo-
gy in SEM images (see Fig. 1).

In general, it is not easy to get good CBED patterns in
these specimens. This is most likely due to strains
present in the materials and contamination by electron
beam heating. The presence of strains can be confirmed
by the observation of defects such as twins, dislocations,
and a large amount of bend contours (see Fig. 2). These
defects can be introduced by mechanical damage during
specimen preparation for TEM. However, ion milled
specimens show them to be present as well. %e conclude
that they are inherent to the materials.

The grain size of these materials is large (up to 10 pm),
although small grains (50—100 nm) are infrequently ob-
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FIG. 4. BF image of sample 8 {a) together with its CBED (b) and SAD (c) patterns as well as Moire image of a stripelike line {d).
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FIG. 5. A representative SAD pattern for a 90' twist bound-

ary on sample C.

served in sample A. The large grains are generally frag-
mented by stripelike lines as observed in Ta20s (Ref. 18)
[see arrows in Figs. 3 and 4(a)]. The lines often form net-
works (Fig. 3) and are found to be low-angle boundaries
( & 1') by CBED patterns [Fig. 4(b)]. This can be further
confirmed by SAD using a larger aperture [Fig. 4(c)]

where several superimposed [001] zone axes can be seen.
Higher magnification of the regions delineated by the
stripelike lines reveals rotational Moire fringes [Fig. 4(d)].
The calculated angle of rotation is consistent with the
value observed by diffraction.

As observed by other investigators, we found a 90'
twist boundary where the a and b axes are interchanged
(see Fig. 5). The twisted plane is perpendicular to the
[001] zone axis. This can occur since the lattice parame-
ters of the samples in the a and b direction are nearly
equal for the basic unit cell. However, it should be noted
that this diffraction pattern was obtained on a single
grain as confirmed by microdiffraction (probe size &3
nm). Furthermore, the diffraction pattern reveals extra
peaks due to double diffraction as is observed in overlap-
ping crystals. Therefore, we can conclude that the pat-
tern arises from a region where the twist boundary is in
the plane of the thin film. '

Figure 6 is a typical [001]diffraction pattern. This pat-
tern consists of fundamental spots with dpoo do&oo ~ The
reflections along the b axis are divided into 10 "superlat-
tice or satellite" spots due to a long period modulated
structure [Fig. 6(a)]. The intensity of the superlattice or
satellite spots varies in a periodic way. The intense spots
are grouped around the position of the fundamental
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FICx. 6. SAD pattern of sample C (z=near [001]) (a), to-

gether with its enlarged pattern (b).
FIG. 7. BF (a) and DF (b) images of sample C, which were

obtained at z= near[001].
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FIG. 8. BF image of twins (a) on sample C together with its HREM image (b) and SAD pattern (z= near [5 100]) (c}.

reflections of the basic unit cell, but the other superlattice
reflections show up quite weakly. Van Tendeloo et al. '

have suggested that the rapid decrease in intensity of the
satellite spots is due to a combination of an inclination of
the linear sequence with respect to the (001) plane and
the increasing order of the satellites. The specimens were
tilted away from the exact [00 1] zone axis to excite the
weak superlattice reflections [Fig. 6(b)]. From Fig. 6(b),
it is apparent that the spacing of the superlattice
reflections in the 1' direction is incommensurate. This is
true for all three specimens. The incornrnensurate spac-
ing of the superlattice spots appears in a periodic way
[see the arrows in Fig. 6(b)]. The spacings denoted by the
arrows are slightly larger than 5V2a~, whereas the spac-
ings between reflection not marked by arrows are slightly
smaller than 5&2a . Here, a is the perovskite lattice pa-
rameter a =0.38 nm. Thus, every third and eighth su-
perlattice reflection is distorted in the 1*direction.

Figure 7 consists of a TEM BF (a) and DF (b) image re-
vealing black and white regions and dark wavy lines.
These images are very similar to the discommensurate
walls observed in incommensurate compounds. We
assume that the lines are discornmensurate walls that
bound commensurate regions. ' Disco m mensurate
walls are supposed to appear only in the DF image using
incommensurate satellite spots. It should be noted, how-
ever, that our objective aperture is large enough to en-
compass the incommensurate spots when placed around
the direct beam (near [00 1] zone axis). Thus, we can see

the discommensurate walls even in the BF image. In ad-
dition, we observe either four, five, or six lines joining to-
gether to form nodes [see circles in Fig. 7(a)]. These
nodes are called dislocations of the discomrnensurate lat-
tice. These dislocations and discommensurate walls are
only observed when the incommensurate superlattice
reflections are strongly excited. This occurs when the
specimen is slightly off the exact zone axis. Thus we can
conclude that the presence of the walls is responsible for
incommensurate satellite spots in the b* direction of the
superconductors. There is some indication that
charge-density waves (CDW) may be responsible for in-
cornrnensuration and therefore of the discommensurate
walls. For example, Onoda et al. suggested that the
larger lattice parameters in Bi-La-Sr-Cu-0 superconduc-
tor arise from CDW formation. Meanwhile, Krakauer
et al. suggested the formation of CDW in Bi-0 plane of
Bi-Ca-Sr-Cu-O, but did not relate the CDW to incom-
rnensuration.

Figure 8 is a TEM image of twins. The observation of
twins is not a frequent occurrence in these materials. In
Fig. 8(b), each of the lattice fringes corresponding to
= 1.5 nm (002) are shown, but some of the fringes are dis-
torted. This indicates that there are stacking errors of
the atomic planes along the e axis. The twins are ob-
served in the [5100] zone axis [Fig. 8(c)]. The observa-
tion of twins has been reported by others but the deter-
mination of twin plane as (510) and the reasoning for the
formation of twins are not certain yet.
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In conclusion, we have shown for the first time that
discommensurate walls are present in the Bi-Ca-Sr-Cu-0
superconductors (Fig. 7). We believe that the strain is ac-
commodated by the formation of discommensurate walls.
The grain size is large but the grains are divided by low-
angle boundaries ( & l').
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