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The Ag/Bi-Sr-Ca-Cu-O (BSCCO) interface in Ag-clad Bi-2212 tapes was investigated by
high-resolution transmission electron microscopy. The interface was found to be well bonded
and free of nonsuperconducting second phases. However, a one-half-unit-cell-thick layer of the
Bi-2201 phase was observed between the Bi-2212 phase and the Ag-cladding. A very strong
texturing of the (001) planes of the BSCCO parallel to the Ag was seen. When the interface was
nearly parallel to the Bi-2212 (001) planes, it tended to facet onto (001), leaving steps of height
equal to one-half the Bi-2201 lattice spacing. Thus, strong (001) texturing extends to the atomic

scale.

Ag-clad tapes of Bi-cuprate superconductors made by
the powder-in-tube process have shown great promise for
applications as conductors in very high magnetic fields.
Many laboratories'® have obtained very high critical cur-
rent densities in such tapes. However, it is still a challenge
to reproduce these results in a consistent manner and in
long lengths of tape.

The crystal structures of the Bi-Sr-Ca-Cu-O (BSCCO)
systemn consist of perovskitelike units containing 1, 2, or 3
CuO, planes sandwiched between Bi-O bilayers.”® There
are three superconducting phases in the BSCCO system:
Bi,Sr,CuOq , , (T, =7-22 K), Bi,Sr,CaCu,Oq , , (T,=75-
95 K), and Bi,Sr,Ca,Cu;04y,, (T,.=105-110 K). For
brevity, they are referred to as Bi-2201, Bi-2212, and Bi-
2223, respectively. The lattice parameter along the ¢ axis of
these phases increases with increasing number of CuO, and
Ca planes, i.e., c=2.4, 3.0, and 3.7 nm, respectively. Stud-
ies of the phase formation in the BSCCO system have been
done by several groups.®"'2 However, details of the Bi-2212
and Bi-2223 phase formation are still obscure.

The influence of Ag in both YBa,Cu;0;_, (YBCO)
and BSCCO tapes has been discussed by many groups.*!’
Kase e al.!” demonstrated that the melting point of the
Bi-2212 phase was lowered and a highly textured micro-
structure was promoted when thick doctor-bladed films
were partially melted in contact with Ag. This behavior
was also observed in Ag-clad BSCCO tapes.!*!31418.19
However, the real role that Ag plays is not yet fully un-
derstood. One aspect that is still unclear is how and why
Ag promotes grain alignment. To our knowledge, no de-
tailed investigation of the microstructure of the Ag/
BSCCO interface has been published. In this letter, we
report on the nm-scale microstructure of the Ag/BSCCO
interface in Ag-clad Bi-2212 tapes as revealed by high-
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resolution transmission electron microscopy imaging
(HRTEM).

BSCCO Ag-clad tapes with the stoichiometric 2:2:1:2
starting composition were prepared by a standard powder-
in-tube method. The BSCCO powder!® was packed into a
Ag tube (4.35 mm i.d., 6.35 mm o.d.) and then swaged to
3.28 mm o.d., drawn and rolled to rectangular tape 0.1 mm
thick by 3 mm wide. The final BSCCO core thickness was
0.045 mm. The tapes were partiaily melted at 920 ° C for 15
min, cooled at 240 ° C/h from 920 to 840 °C, annealed at
840 °C for 70 h, removed from the furnace, and air cooled.
All heat treatments were done in air.!” General details of
the micro- and macrostructure and superconducting prop-
erties have been given previously.'

HRTEM samples showing the cross section containing
the rolling direction (long axis of the tape) and the thin
direction of the tape were made by gluing several tapes
together along their broad faces. Slices were cut and
ground to about 40 pum thick and were then mounted on
gold grids.'” The samples were Ar-ion milled at 4.5 kV in
a liquid nitrogen cooled stage and then examined in an
Akashi 002B HRTEM.

Over 80% of the interface between the Ag and the
BSCCO was found to be well bonded. The interface ap-
pears to be abrupt in the HRTEM images. Cracks were
observed but it is uncertain whether or not these cracks
were artifacts of sample preparation. The interface was
always free of nonsuperconducting phases. A typical ex-
ample is shown in Fig. 1. The Bi-O double layers, which
appear as doubled dark bands in the high resolution im-
ages, abut the Ag at the interface. The interface is parallel
to the (001) plane of BSCCO. It is also interesting to note
that the separation between pairs of Bi-O double layers was
found to only 1.2 nm immediately adjacent to the interface.
This spacing equals one half of the c-axis length dimension

© 1992 American Institute of Physics 1234

Downloaded 22 Feb 2007 to 128.104.198.190. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp



FIG. 1. A section of the Ag/BSCCO interface in the Bi-2212 Ag-clad
tape processed by partial melting. A one-half unit cell thick layer of the
Bi-2201 phase (¢/2=1.2 nm) ending at the Bi-double layer is observed
adjacent to the Ag cladding. The interface is parallel to the (001) plane
of the BSCCO.

of the Bi-2201 phase. There is further evidence for this in
Fig. 2, which shows the strong faceting that arises at in-
terfaces that are slightly inclined to the (001) plane of the
BSCCO. In order to maintain the (001) facets, a stepped
microstructure develops, such that the step height equals
one half of the Bi-2201 lattice spacing. The interface is well
bonded on all facets.

Ag-BSCCO interfaces were also observed where Bi-
2212 grains grew into the Ag cladding. Grains of this type,
a few microns in length, were found. In such cases the
major growth axis of the BSCCO grains is oblique to the
Ag cladding. Figure 3 shows such a Ag/BSCCO interface
formed by a large Bi-2212 grain ( ~1 pm wide by ~15 ym
long) which grew into the Ag cladding at an angle of
~10°. Again it was observed that the interface lies parallel
to (001) in the BSCCO and that a half unit cell thick
Bi-2201 layer exists at the interface.

FIG. 2. A Ag/BSCCO interface in the Bi-2212 tape. This interface shows
the strong faceting that arises at interfaces that are slightly inclined to the
(001) plane of the BSCCO. A stepped microstructure develops, such that
the step height equals one-half of the Bi-2201 lattice spacing. Note that
the layer marked A B has the Bi-2201 spacing at A where it is immedi-
ately adjacent to the Ag but that this changes to the Bi-2212 spacing at B
where it is no longer immediately adjacent to the Ag (see inserted sche-
matic drawing).

1235 Appl. Phys. Lett.,, Vol. 61, No. 10, 7 September 1992

Interfoce

FIG. 3. A Ag/BSCCO interface formed by a large Bi-2212 grain (~1 um
wide by ~ 15 pm long) penetrating the Ag cladding. The zone axis of the
Bi-2212 grain is [110]. The one-half unit cell Bi-2201 layer is also ob-
served at the interface.

The well-bonded interface between the Ag cladding
and the BSCCO core, coupled with the fact that the inter-
face always appears free of nonsuperconducting second
phases, supports the general view that Ag is a desirable
sheath material for producing BSCCO wires and tapes.
The micrographs make it clear that there is a highly tex-
tured grain structure in which the a-b planes of the
BSCCO phases are parallel to the Ag cladding. This is
important because it is widely believed that the supercur-
rent is carried preferentially by the most highly aligned
regions, among which are those layers which form next to
the Ag. As seen from all three figures, a strong (001)
faceting of BSCCO at the Ag interface occurs. Even for the
obliquely aligned grains, the BSCCO still tends to maintain
its (001) faceting accommodating small misalignments by
leaving microsteps at the interface.

There are at least three questions posed by the present
results. The first is the general question of why the (001)
planes of the Bi-2212 phase tend to align macroscopically
with the Ag. The rolling process tends to produce a powder
that has its basal planes aligned along the plane of the tape.
[t is tempting to believe that this plays an important role in
the final grain alignment, but Ray and Hellstrom® have
recently shown that the 2212 phase is completely melted in
tapes held at 920 °C. Examination of tapes that have been
rapidly quenched from just below the 2212 phase forma-
tion temperature shows a random nucleation of 2212
phase. With continued cooling, 2212 grains aligned parallel
to the plane of the tape dominate the microstructure. Ex-
tended annealing at 840° increases this alignment. Evi-
dently, the very much more rapid growth kinetics of the ab
planes permits those grains with basal planes aligned close
to the plane of the tape to consume some of the randomly
aligned and shorter grains that first formed. Strong growth
anisotropy is suggested by the deep penetration of the ob-
liquely aligned grains into the Ag. When an occasional
misaligned grain grows at a significant angle to the sheath,
it evidently can penetrate the Ag sheath.?! Thus, the me-
chanical deformation process is unlikely to lead to grain
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alignment in samples in which the 2212 phase is com-
pletely melted.

A second question concerns the atomic scale faceting
which was apparent, both for the obliquely penetrating and
for the almost parallel BSCCO grains. Indeed, Fig. 2 shows
that the BSCCO produces microfacets so as to maximize
the contact area between the Bi-O layer and the Ag. This
suggests that the (001) BSCCO faced interfaces might
have lower free energy than higher index plane facets do.
However, the observed facet morphology also could be due
to the anisotropic growth kinetics of Bi-2212. In this case,
the steps would be due to cessation of growth of rapidly
growing (001) planes.

A third question concerns the universal appearance of
the half unit cell of Bi-2201 phase between the Ag and the
Bi-2212. Ag lowers the melting point of a 2212 phase mix-
ture!” and tends to produce a Bi-rich liquid from which the
2201 phase might form naturally. However, it is remark-
able that the 2201 lattice spacing occurs only over one half
of a unit cell and in direct proximity to the Ag (as dem-
onstrated in Fig. 2). For example the arrowed Bi-2201
layer at point A in Fig. 2 transforms to Bi-2212 at point B,
where this layer is no longer in direct contact with the Ag.
In short, the Bi-2201 half-layer shows exactly the same
stepped microstructure as the BSCCO/Ag interface. This
observation provides support for the intrinsic stability of a
single Bi-2201 at the Bi-2212/Ag interface. This very local
change does make it appear that the Bi-2201 layer is pro-
duced by interface proximity. Nevertheless half cell, single
half layer intergrowths of Bi-2201 phase were also common
in the bulk of the grains.

In summary, we have shown by HRTEM that the Ag-
BSCCO interface is always free of nonsuperconducting
phases and generally well bonded. There is a very strong
tendency for the (001) planes of the BSCCO to align par-
allel to the Ag interface and for microfaceting, which ac-
commodates small misalignments of the (001) BSCCO
planes. The interface phase always consists of a one half
unit cell structure having the 2201-BSCCO lattice spacing.
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