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Directionally solidified REBa,Cu,0, (RE=Nd,Y) superconductors display a complex microstructure which is generated during the
solidification and annealing processes. The various defects influence the superconducting properties in different ways. The present
article briefly reviews the characteristics of the different defect structures and evolution in connection with their effect on the criti-
cal currents. In this work, the defects are classified into strong pinning centres and currents limiting defects. Dislocation problems
are addressed separately, emphasising on the generation of stacking faults, oxygenation effects and plastic deformation processing.
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Desarrollo y control de microstructuras en superconductores REBa,Cu,0, (RE=Y,Nd) solidificados direccionalmente

Los superconductores de composicién REBa,Cu,0, (RE=Nd,Y) preparados mediante solidificacién direccional presentan una
microestructura compleja que se desarrolla durante las etapas de solidificacién y tratamientos de recocido posteriores. Los diver-
sos defectos influyen sobre las propiedades superconductoras de manera desigual. El presente articulo revisa brevemente las carac-
teristicas de las diferentes estructuras de defectos y su evolucién conectando con su efecto sobre las corrientes criticas. Los defec-
tos, en este trabajo, se clasifican en centros fuertes de anclaje de flujo y defectos que limitan la corriente. Los problemas asociados
con las dislocaciones se tratan separadamente, poniendo el énfasis en la generacion de defectos de apilamiento, problemas de oxi-

genacion y deformacién pléstica.

Palabras clave: Superconductores cerdmicos, microestructura, centros de anclaje de flujo, defectos limitadores de corriente, procesado.

1. INTRODUCTION

Demands of high critical currents in REBa,Cu,0O,
(RE=Nd,Y) RE123 superconductor ceramics (] >10% A/em?) in
a magnetic field and near T raise several microstructural-pro-
cessing problems derived from the particular physics and
complex chemistry and microstructure of high temperature
superconductors. The first challenge was to develop a proces-
sing route for the preparation of large single domain tiles, thus
avoiding weak link behaviour associated with growth indu-
ced grain boundaries (see Ref. 1 for a review on melt proces-
sing of ceramic superconductors). This initial problem was
overcome by directional solidification through the peritectic
temperature of RE123 compounds. These materials decompo-
8¢ peritectically at temperatures around ~1100°C into a liquid
Phase and solid Y,BaCuO; (Y211) or Nd,Ba,Cu,0,, (Nd422)
Particles. During solidification an important fraction of non-
Teacted particles are trapped by the growth front,
Interestingly, the interface between such non-superconduc-
ting inclusions (size around 2 to 15 pm) was found to consti-
tute a strong pinning centre. In Y123, solidification routes
incorporating suitable dopands acting as nucleation centres
for the non-reacted or added Y211 particles, such as CeO, (2),
have allowed to decrease their size down to the sub microme-
ter range thus increasing the total interface area and J, up to
10° A/cm? at 77K in self field (2).

Unfortunately, state of the art bulk ceramics still display J.
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values about a factor ten below those achieved in optimised
thin films or single crystals. New challenges are on the one
hand, identification and control of current limiting defects,
and on the other hand, the introduction of structural defects
suitable to pin the flux lines in order to decrease thermally
activated flux flow when the magnetic field is oriented per-
pendicular to the CuO, superconducting layers. However, if
the superconducting behaviour is markedly two-dimensional
(2D), microstructural properties also present a strong 2D natu-
re, being very difficult to create correlated defects along the c-
axis as, e.g., dislocation lines, by conventional Pprocessing.
More sophisticated techniques, like heavy ion irradiation (3)
which provide strong correlated pinning sites along ion
tracks, or the use of high energy protons to fission Bi in Bi-
based ceramic superconductors (4), have yielded excellent
results. However such methods suffer from the problem of
easy translation to the industrial scale. Therefore, from a prac-
tical point of view, chemical paths for J, enhancement seem
the more feasible. The last relevant achievement refers to MgO
nano-rods in a Bi-based superconductor (5).

In fact, RE123 have a complex microstructure with a wide
spectrum of structural defects which affect the superconduc-
ting properties in various ways (see Ref. 6 for a review) dif-
ficulting the correlation of individual defects with bulk elec-
tromagnetic measures. Some selected topics are reviewed
here, with emphasis on nature of the defects and their evolu-
tion.
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2. SUPERCONDUCTOR-NON SUPERCONDUCTOR
INTERFACES

The most prominent defect in melt textured RE123 compo-
sites is the superconductor-non superconductor interface
given by non reacted inclusions dispersed within the single
domain matrix. A high concentration (around 20 to 30 wt%)
of submicrometric non-reacted inclusions is beneficial for the
mechanical and superconducting properties of the composi-
te. First, they act as effective stoppers against microcrack
propagation (7), and therefore enhance the mechanical
toughness of the ceramic. Secondly, in Y123 it has been expe-
rimentally verified that ], scales with the total interface area
(8,9).

The size of Y211 particles in the melt can be modified by
Ostwald-ripening (10). Soaking experiments performed on
relative short periods of a few tens of hours have indeed
revealed coarsening behaviour, which in directional solidifi-
cation translates into Y211 size variations in the samples (11).
However, particle coarsening may be inhibited by small con-
centrations of additives such as Pt (12) or CeQ, (2,13,14). For
instance, no significative inclusion size variations were
detected within the time scale (~100 h) of the solidification of
long length composites (up to 12 cm) (7). Therefore, the coar-
sening effects on the size distribution of Y211 particles in
long ceramic bars may be limited by the use of suitable addi-
tives.

Since the interface pinning strength is proportional to the
gradient of the superconducting order parameter at the inter-
face (8), it will be highly sensitive to lattice defects which
should smooth out the variation of the superconducting
order parameter. In agreement with such considerations,
HRTEM images show atomically sharp Y123-Y211 interfaces
(7,15).

On the other hand, comparison of the self-field 1T
dependencies in Nd123 and Y123 show some distinctive fea-
tures which point to a reduced efficiency of the interface pin-
ning mechanism in melt processed Nd123 (16). Interestingly,
preliminary HRTEM studies of Nd123-Nd422 interfaces
point to the occurrence of different interfacial defects which
could be at the origin of the observed characteristics of the
thermal dependence of ], in Nd123. Preliminary results are
summarised below.

Fig. 1 shows a HRTEM image of an edge on Nd123-Nd422
interface where the Nd123 is slightly deviated (by ~1°) from
the [010]y4153 zone axis and the Nd422 particle is viewed
along [011]yy445,- The interface plane in this area corresponds
to the (100)44,, Plane. The (001)y4;,3 planes are inclined by
0=64° to the interface. For this orientation it can be observed
that the prominent bright matrix planes, spaced by one c-axis
length, meet the interface approximately at every three
(011, lattice spacings, i.e. 3d(011)y445,8in0~d(001) 4y 03
Therefore, both crystals are oriented such that some degree
of lattice matching exists at the interface. It can be observed
that the interface contains a slab of highly strained material
about 11 A thick which probably results from strain relaxa-
tion at the interface (16). Other observations strongly sug-
=« gest that the local structure at the Nd123-Nd422 interfaces
can also be affected by local surface dissolution of the Nd422
particles (17). Fig. 2 shows an HRTEM image of a Nd123-
INd422 interface with the matrix viewed along the [100] zone
axis, i.e, the (001)yy;53 planes are imaged edge on. The
image shows a curved area of the interface where interface
steps can be observed. Interestingly, the height of the steps
corresponds to one (001)yy;,5 lattice spacing. Taking into
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Fig. 1. HRTEM image of a Nd422-Nd123 interface. The superconductor
matrix is viewed along [001]. Some degree of lattice matching is achieved in
this interface. Note the existence of a highly strained or amorphous layer at
the interface.

Fig. 2. HRTEM image of @ Nd422-Nd123 interface. The superconductor
matrix is viewed along [001]. Note the formation of interface steps with
height equal to one (001) lattice spacing of the Nd123 superconduictor.

account that during thermal treatments performed below the
peritectic temperature, the Nd422 phase is metastable, the
observation of such steps at interface regions with small
radius of curvature points to a dissolution process of the
inclusion. Moreover, the Nd422 phase also forms a solid
solution of the type Nd, , Ba, +2xCu27xOm_y, so that a redistri-
bution of the concentration of Nd cations within a region
close to the interface can be expected.

The above microstructural observations point to a dis-
tinctive behaviour of Nd422-Nd123 interfaces compared
with Y211-Y123 ones which could be at the origin of the
observed difference of the J (T) behaviour. Further characte-
risation of the Nd422-Nd123 interface microstructures will
need high spatial resolution analytical techniques in order to
determine the extent of compositional inhomogeneities asso-
ciated with the observed defects.
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3. DISLOCATIONS AND STACKING FAULT
CONFIGURATIONS IN RE123 MATERIALS

Dislocation lines are line defects first proposed as pinning
centres in classic superconductors (18). The effective area of a
dislocation, i.e., the region where the material is not supercon-
ductor or the superconduct'mg order parameter is depressed,
may be divided into two parts: First, the core of radius ~ 1 to
5 times the Burgers vector (19), i.e., in the range 0.4 to 2 nm
where the superconducting order parameter is suppressed
due to loss of stoichiometry and crystallographic order.
HRTEM images coupled with energy dispersive analysis of
edge dislocations viewed end-on ina Y123 thin film, indicated
a core radius of approximately 2 nm and a core composition
enriched in copper (20). Secondly, each line has an associated
long range strain field which varies as 1/r with distance from
the core (19). Therefore, if strains above 1% actually decrease
the superconducting order parameter (21), the effective region
is enlarged to a cylindrical area a few nanometers thick
surrounding the core of the dislocation.

It appears that dislocations are very anisotropic pinning
centres. Therefore relevant aspects of dislocations to the opti-
misation of the critical currents are the evaluation of their sta-
ble configurations and design of suitable processing techni-
ques for controlling their density and orientation.

3.1. Dislocations

The stable dislocation configurations in Y123 have been the-
oretically studied using elastic anisotropy (22). These studies
and TEM observations (23) reveal that dislocations in Y123 are
confined to the basal plane of the crystal structure (001) and
have Burgers vectors [100], [010] and <110>. For [100] and
[010] dislocations, the most stable configuration is obtained
when they are in edge orientation. On the other hand, <110>
dislocations tend to adopt a screw orientation and can result
from the reaction: [100]+[010]—-[1101. Therefore, the most sta-
ble glide systems found in Y123 are [100](001), [0101(001) and
<110>(001). In order to obtain dislocation lines out of the (001)
plane, climb mechanisms at sufficiently high temperatures, Ot
specific deformation techniques to activate glide on different
planes, are necessary. For instance, subgrain boundaries built
up by dislocations with line directions close [001] are fre-
quently found. On the other hand, the additional <110>{110},
[100](010) and [010}(100) glide systems have been activated by
shock compression (24).

In contrast with Y123 recent TEM studies indicate that the
[100](010) and [010](100) glide systems, in addition to those
present in Y123, are active in non-deformed Nd123 (25).

3.2. Stacking faults

[n Y123 materials, stacking faults (SFs) with displacement
vector 1/, <301> result either from the dissociation of a
b=<100> or b=<110> (b is the Burgers vector) dislocation in
1/,<301> partials (26), or from nucleation ofa 1/<301> faul-
ted loop at grain boundaries or inclusion-matrix interfaces
(15,27). Such displacement vectors are consistent with the
insertion of an extra CuO, layer parallel to (001) between the
two consecutive Ba sites of the crystal structure, giving rise to
the formation of a double oxygen chain layer similar to that
found in the Y124 compound (28). An alternative mechanism
for the generation of SFs in melt textured Y123 has been pro-
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posed for samples solidified by a continuous zone melting
process using a precursor mixture of sintered Y211, BaCuO,
and CuO powders (29). Those authors argued that SFs could
result from incomplete diffusion leading to the appearance of
extra atomic planes in the Y123 phase. SFs formed by the
second mechanism dominate in size and number in the final
microstructure of melt processed Y123. On the other hand, SFs
generated by the former mechanism, though being occasio-
nally observed in as-solidified-oxygenated materials, are sma-
ller and mostly generated by plastic deformation.

The formation of such double chain CuO, layersis related to
a local phase transformation (26,30) leading to a local 124
structure having a lower T than the 123 compound. In conse-
quence, the size of such defects is not governed by the elastic
interaction between dissociated segments but is determined
by the thermodynamic stability and growth kinetics of the
inserted CuOQ, platelet (26). Interestingly, a model was propo-
sed from Monte Carlo simulations, which satisfactorily pre-
dicts the nucleation of progressively CuO enriched local con-
figurations upon increasing the CuO chemical potential (30).
In Y123, when the SF is nucleated in a dislocation core (26) the
feeding mechanism for the expansion of the extra layer is limi-
ted by pipe diffusion and after the conventional oxygenation
treatment at 450°C their size is of about several nanometers.
On the other hand, l/6<301> faulted loops nucleated at grain
boundaries or at the interfaces of normal inclusions may
achieve lengths up to a few microns (31) because such interfa-
ces provide easy diffusion paths for copper and oxygen. Such
faulted loops propagate by a non-stoichiometric partial dislo-
cation climb mechanism, preferentially along the direction of
the in-plane shear component of their Burgers vector, ie.,
[100] or [010]. Such a preferred direction coupled with relati-
vely high propagation rates leads to a «dendritic» or «finger-
like» shape of the final configuration (Fig. 3).

As found Y123 materials, TEM characterisations of the
microstructure in Nd123 have revealed that SFs have the same
displacement vector thus suggesting that in this material they
consist also of a double CuO, layer (25). However the obser-
ved configurations display particular features. Fig. 4 is a
bright field micrograph of a directionally solidified Nd123
sample showing narrow dark planar defects elongated in the
[100] and [010] directions which correspond to !/;<301> SFs.
Diffraction contrast analysis of the arrowed configuration
indicated that such elongated defects are associated with the

dissociation of a [110] dislocation according to the reaction
[110] — 1/, [1101+ 1413011+ ! /,10311.

The dissociation leaves two SFs 1/.[301] and ! /,[031] , sepa-
rated by the 14,1110} partial dislocation which exchanges the
Burgers vectors of the dissociated segments along the (1001
and [010] directions (25). The shape of the configuration sug-
gests that the SFs have expanded rapidly in the direction of
the in-plane component of their bounding partial dislocation
in a similar way as that found in the SFs nucleated at interfa-
ces in Y123, indicating that pipe diffusion along the disloca-
tion cores is faster in Nd123 than in Y123.

One interesting aspect of the behaviour of SFs in melt textu-
red Y123, in that their formation is sensitive to the thermal tre-
atment of the samples. It has been reported that they can be
annealed out by heating the sample in the temperature range
800-900°C (29,32), i.e., above the orthorhombic to tetragonal
transition temperature (~600°C in air). Further insight into the
stability range and kinetics of the local transformation leading
to the nucleation of SFs has recently been provided by in situ
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Fig. 3. Bright field TEM micrograph showing large 15 <301> faulted loops
nucleated from a non-reacted inclusion interface durin ¢ the oxygenation pro-
cess at 450°C.

Fig. 4. Bright
field TEM

| micrograph
showing
different
dislocation
configurations
in directionally
solidified

| Nd123. Long

| and narrow

| dark defects are
Y, <301>
faulted loops
nucleated at a
dislocation core
and further
propagated
along [100]
and [010]
(Vilalta,
unpublished
work [25]).
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monitoring the dissolution process of 1/, <301> faulted loops
nucleated at a Y211-Y123 interface in the TEM (33). This study
indicated that the dissolution process is activated at the onset
of the orthorhombic-to-tetragonal phase transition, thus evi-
dencing the instability of such defects in the deoxygenated
Y123 matrix, in agreement with the previous computer simu-
lation results and TEM examinations of the microstructure of
non-oxygenated as-solidified samples. From the processing
point of view, the relevance of such studies lies in the fact that
they indicate that these defects are unstable during solidifica-
tion, and therefore, their size and density could be controlled
by carefully adjusting the oxygenation parameters.

As a result of the strong sensitivity of SFs to the oxygenation
conditions, the sample oxygenation step performed at tempe-
ratures around 450°C introduces important modifications of
the microstructure and superconducting properties which
have been characterised in Y123 materials (31,34). These
results indicate that when the oxygenation time extents more
than an optimal value, a strong ageing of the microstructure
and irreversibility line occurs. The most prominent conse-
quence is the development of large (up to a few microns) L
<301> faulted loops originating from easy diffusion paths like
grain boundaries and Y211-Y123 interfaces by the mechanism
outlined in the preceding section. In addition, preferential
matrix decomposition at the SFs has been observed which ulti-
mately lead to the formation of microcracks. A similar beha-
viour has been reported for ozone treated samples (35). From
the microstructural modifications described above, it appears
that an over-oxygenation of the samples results in a dramatic
increase of planar defects lying on the (001) planes, namely
SFs and microcracks, where the superconducting order para-
meter is depressed or even suppressed. When the samples are
submitted to a magnetic field parallel to the [001] direction,
the flux lines are cut by such planar defects thus increasing
their thermal activation resulting in a shift of the irreversibility
line towards lower temperatures and magnetic fields (31,34).

3.3. Deformation processing

The motivation for plastic deformation experiments in
superconducting materials is to increase the number of dislo-
cations acting as flux pinning centres and to explore the possi-
bility to activate glide in planes other than (001). Deformation
techniques used so far in melt textured materials include
shock compression (24), hot isostatic pressing (36,37), high
temperature uniaxial compression (36-40) and room tempera-
ture uniaxial compression (41).

Because of the brittleness of the Y123 material, in order to
achieve significant plasticity, temperatures around 900°C are
needed. It was reported that even at such elevated temperatu-
res, plastic deformation is less than 8% of total strain (38,42).
At high temperatures, moreover, we are faced with different
factors influencing the final microstructure: First, point defect
diffusion in addition to strain effects, presumably plays an
important role (43); second, TEM studies of the as-deformed
microstructure, i.e., before oxygenation, indicated that defor-
mation is produced in the deoxygenated phase, (38). As a
result, the samples need to be re-oxygenated after deformation
in order to restore the superconducting orthorhombic phase.
This oxygen anneal inevitably causes severe modifications of
the as-deformed microstructure (38).

Early microstructural characterisations of plastically defor-
med 123 melt textured materials (37) revealed a dislocation
density of 2x10'" em™, one order of magnitude higher than in
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non-deformed samples. Such an increase of the dislocation
density could be nicely correlated with a concomitant increa-
se of J_ (36, 44, 45). Most of dislocations were found to have
Burgers vectors [100] and [010], forming pile-ups along the
[100] and [010] directions. However, subsequent investi-
gations suggested that the deformation mechanism could
depend on the sample characteristics. Actually the samples
reported on ref. (37,36) displayed a low initial value of J_at 77
K (]C(H:O)~C-’;x104 A/cm?) and after the plastic deformation it
was increased by a factor of ~2, i.e. still lower than the highest
j. value (J~10° A/cm?) reported in Y123 composites.
Inductive ] measurements have been conducted in high tem-
perature uniaxially deformed samples displaying initially
high |, (around 10° A/cm? in self field at 77K) and a fine dis-
persion of Y211 precipitates (39% in weight). Surprisingly,
after deformation and the corresponding reoxygenation anne-
aling at 450°C, the superconducting behaviour was severely
degraded (39,40). The observed discrepancies between the
behaviour of different samples, indeed suggest that plastic
deformation cannot be used as an universal technique but is
largely influenced by the original microstructure of the mate-
rial.

Since the final scope of such experiments is to increase the
density of dislocations acting as flux pinning centres, it appe-
ars that important drawbacks of hot plastic deformation pro-
cessing of high J, Y123 materials having a high concentration
of Y211 inclusions, are (38,39): First, the primary creep stage
where new dislocations are introduced (46) is very small in
melt textured Y123 materials. Secondly, the oxygenation pro-
cess causes a dramatic modification of the as-deformed
microstructure, including dislocation annihilation and the for-
mation of a high density of SFs and microcracks which lead to
a downward shift of the irreversibility line in the H//[001]
configuration. In order to overcome these drawbacks new
strategies such as deformation at room temperature under a
confining pressure (41) or high temperature deformation
under an oxydising atmosphere are currently investigated in
different laboratories. Regarding Nd123, no deformation
experiments have been yet reported, however this compound
offers interesting opportunities for the creation of dislocation
lines perpendicular to the CuO, layers.

4. SUBGRAIN BOUNDARIES

Despite the tremendous effort conducted towards impro-
ving J_ in melt textured RE123 materials, the highest values
achieved up to date lie about a factor of ten below those achie-
ved in irradiated single crystals (1.3x107 A /cm?, BK, zero field
(47)) or optimized thin films (1.6x107 A/cm?, 5K, zero field
(48)). Looking at the microstructure, subgrain boundaries

- appear as the most likely current limiting defects in melt pro-

cessed materials.

During sample cooling from the solidification temperature
and during the oxygenation step, when dislocation climb is
possible, gliding dislocations are trapped by non-supercon-
ducting inclusions and further rearranged on dislocation walls
preferentially parallel to the {100} and {110} planes (49). The
mosaic spread arising from such dislocation rearrangement is
demonstrated in the (006) rocking curve shown in Fig. 5, obtai-
ned over a few mm? area in a single domain region.
Interestingly, the rocking curve presents a total misorienta-
tion spread over an angular range of ~10°. The analysis of the
rocking curve (49) led to the interpretation that the mosaic
structure is developed in two length scales, responsible for the
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Fig. 5. X-ray diffraction rocking curve of the (006) reflection measured over
an area of ~5 mm?

continuous background and the sharp peaks. This interpreta-
tion is indeed consistent with TEM observations (49) revealing
a high density of «very small» angle (8 < 1°) subgrain boun-
daries interconnecting Y211 particles. In composites having a
high concentration of small (<1pm) 211 precipitates, such sub-
grain boundaries are spaced by ~1-2 pm, and are likely res-
ponsible for the continuous gaussian background of the roc-
king curve. On a larger scale, subgrain boundaries involving
larger misorientations occur, which are correlated with the
sharp peaks. TEM observations revealed that such subgrain
boundaries are not regularly spaced and do not present a tri-
vial correspondence with the Y211 precipitate size and den-
sity.

It appears that even when solidification conditions have
been optimized such as to obtain a single flat growth front, the
resulting single domain sample is still plagued by subgrain
boundaries. The density of subgrain boundaries increases
with the density of Y211 particles. Therefore, understanding of
the processes limiting critical currents in melt textured RE123
materials will need a detailed characterisation of subgrain
boundary local microstructure.

First evidence for a correlation between grain boundary
(GB) microstructure and electromagnetic behaviour came
from the Dimos et al. (50) plots displaying the critical current
at the GB [J (GB)] versus misorientation angle 9. Such studies
were performed on artificial bicrystal films and the GB were
mainly symmetrical 8[001] and symmetrical 0[100] tilts. The
plot clearly identifies two regimes: For 8 values in the range
~5° to ~10°, voltage-current behaviour reflected the existence
of weak electromagnetic coupling across the boundary; and
for 6>10° ] (GB) is approximately independent of 6, with a
small ratio of J(GB) to J. in the grain ~10% Taking into
account that such symmetrical tilt GBs are built by one set of
equidistant dislocations parallel to the rotation axis, spaced by
approximately b/@ the plateau regime which appeared for
misorientations larger than 10° could be nicely correlated with
the misorientation range where the boundary dislocations
would overlap. In the low angle regime (<10°) the shape of the
] (GB)(6) dependence was better described taking into account
the elastic-strain field around GB dislocations (21). Such obser-
vations indeed point to a correlation between microstructure,
namely GB dislocations (GBDs) and associated strain fields,
and electromagnetic properties, the controlling factor being
the density in the GBD network. Such observations are in fact
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Fig. 6. Bright field TEM micrograph showing a honeycomb-like dislocation
network. The rotation axis is [001] and misorientation angle varies through
the boundary with values smaller or equal to 1 degree (Vilalta, unpublished
work [25]).

consistent with proposed GB models which point to a subdi-
vision of the GB into channels with different electrical proper-
ties (51). Evidence for channel conduction in 3°-20°[001] tilt
bicrystal films has indeed been recently reported (52).
However it must be taken into account that experiments
correspond to a particular boundary geometry. The geometry
of the GBD network is determined by the stable Burgers vec-
tors of the dislocations, the relation between boundary plane
and rotation axis orientation, and the rotation angle which
determines the dislocation density for a given configuration.
In fact, a few works report on more than one set of GBDs (53,
49,54). An example of a honeycomb like network composed of
[100], [010] and [110] dislocations in a boundary with a miso-
rientation angle of approximately one degree, is shown in Fig,
6 (55). Therefore, when dealing with arbitrary boundary para-
meters, use of Dimos plots to estimate the influence on J, from
rotation angle may be unrealistic. A more realistic reading of
such plots could be done by substituting the rotation angle, 6,
by the corresponding dislocation density given in that case by
6/b. Unfortunately, the determination of the dislocation line
density in an arbitrary GB is complicated and no estimations
have yet been reported.

Another characteristic of GBs in Y123 materials is the strong
tendency to faceting of the boundary plane. GBs in Y123 are
preferentially faceted along the {100} and {110} planes. As a
consequence, deviations from the preferred planes are often
accommodated by the formation of an stepped interface (49).
Faceting of the boundary plane may have implications on the
coupling strength across the GB. First, an accurate TEM study
revealed extensive strain contrast was found associated with
the intersections of several facets in a ~6°[001] tilt flux grown
bicrystal (56). The extent and strength of this contrast was also
found to be noticeably larger than that associated with indivi-
dual GBDs. As a result, the fraction of strained material within
the boundary where the superconducting order parameter can
be depressed, is increased at facet junctions thus narrowing
the width of the superconducting channels. On the other
hand, in the same GB, it was found that the dislocation spa-
cing near the centre of some facets is smaller than near the
facet junctions. Such inhomogeneous GBDs distributions are
likely to result from finite size effects of individual facets (56).
As suggested by Field et al (57), sets of unevenly spaced dis-
locations would explain the observed residual currents in GBs
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with misorientation angles for which an infinite set of uni-
formly spaced GBDs would overlap causing weak link beha-
viour.

5. CONCLUSION

Among the various defects present in melt textured RE123
materials, non-superconductor/superconductor sharp interfa-
ces have been identified as a dominant flux pinning centre,
While such interfaces are provided by Y211 non-reacted inclu-
sions in Y123, recent experimental results point to a reduced
efficiency of Nd422 interfaces in Nd123.

Current processing techniques do not allow to modify the
dislocation substructure in controlled way. High temperature
deformation suffers from two important drawbacks. First, the
low plasticity (up to ~4% of total strain) achieved in high tem-
perature creep experiments, and the complex diffusive pro-
cesses governing the secondary creep stage do not allow a
substantial increase of the dislocation density. Secondly, the
post deformation oxygenation step carried out at 450°C gene-
rates a high concentration of large planar defects parallel to
(001) which enhance the thermal activation of flux line
motion resulting in an undesirable shift of the irreversibility
line to lower fields and temperatures. It appears that disloca-
tion control in such ceramics needs new strategies avoiding
the oxygenation step. Considering the high anisotropy of the
dislocation configurations, the recent identification of
[100](010) and [010](100) glide systems in Nd123 offers new
opportunities in the design of plastic deformation experi-
ments.

Finally, subgrain boundaries appear as an intrinsic limita-
tion for higher |, values. The observation of relatively dense
dislocation networks in subgrain boundaries involving miso-
rientation angles as small as about one degree, together with
their high concentration which correlates with the density of
non-superconducting inclusions, situates the observed narrow
mosaic substructure at the origin of the gap separating |,
values achieved in melt textured materials and thin films or
single crystals.
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