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Abstract-Despite 25 years of significant improvements in the
performance
of
Bi2Sr2CaCu2Ox
(Bi2212)/Ag
multifilamentary round wires (RWs), understanding the
impact of microstructural defects, on multiple length scales,
on the transport behavior remains a significant challenge. In
melt-processed multifilamentary RWs the primary impurity
is Bi2Sr2CuOx (Bi2201) which forms as mesoscopic grains
and nanoscopic intergrowths. Here, the effect of Bi2201
grains on transport are analyzed quantitatively using a
statistical approach in which filaments are categorized based
on the predominant phases observed by cross-sectional
scanning electron microscopy. It is found that critical
current density (Jc) is inversely proportional to the
percentage of filaments containing large Bi2201 grains.
Bi2212 intergrowths are studied with atomic resolution
aberration corrected scanning transmission electron
microscope (STEM). Insight into the roles of Bi2201
intergrowths is obtained by relating the STEM results to the
Bi2212 coherence length (ξ), anisotropic magnetization
behavior and magnetic-field dependent electrical transport.
Bi2201 intergrowths are shown to play a complex role in
Bi2212/Ag wire transport through their impact on c-axis
transport and flux pinning depending on the length scale.

superconducting properties from the scales of smaller
than the filament size down to the atomic size.

Fig. 1. Structural schematics of multifilamentary RWs in
different length scale

II. Role of Bi2201 grains
A Matlab program is created to analyze the scanning
electron microscope (SEM) micrographs and categorize
over 100 filaments within the image based on the
predominant phases. In total, 26 wires, each heat treated
differently to vary the critical current density (Jc), are
studied [12, 13]. In some wires, two distinct crosssectional areas are analyzed, so a total of 41 crosssections and 5506 filaments are characterized. The
majority of filaments (78% of all filaments classified) are
either predominantly Bi2212 or containing-large-Bi2201
grains. Fig. 2 shows that clear correlations between the
number of these two types of filaments and the wire Jc are
found; Jc is directly proportional to the percentage of
“predominatly-Bi2212” filaments. Although typically 7090% of the containing-large-Bi2201 filament crosssections is actually Bi2212 phase, J c is inversely
proportional to the percentage of this type of filament
[13]. These results show that large Bi2201 grains are
highly suppressing wire transport.

Introduction
The
microstructure-transport
relationships
of
multifilamentary Bi2Sr2CaCu2Ox (Bi2212)/Ag round wires
(RWs) must be understood on multiple length-scales. Fig.
1 shows the different Bi2212 RW length scales and the
primary microstructural features that influence transport
behavior. Starting on the largest scale, in a
multifilamentary RW, bubble [1-3] and leakage [4] are
two main issues. Interfilamentary bridging [5, 6] and
radially c-axis textured grain colonies [7, 8] are important
features at the mesoscale. On the scale of individual
filaments,
porosity
and
inhomogeneous
phase
assemblage, including non-superconducting phases and
Bi2Sr2CuOx (Bi2201) grains, are found challenging [5, 9].
At the grain size scale, the orientation of grain colonies
and different grain boundary types, are important features
[10, 11]. On the mesoscopic and microscopic scales,
where most processing-structure-properties studies have
focused, it is known that microstructural defects
negatively impact long-range transport. Lastly, the
important but unquantified roles of the intragrain structure
and nanoscopic defects remain uncertain, with many
unanswered questions, including what are the effects of
Bi2201 grains and intergrowths on transport and flux
pinning? Does c-axis transport contribute to Jc? This study
begins to answer these questions by focusing on the
impact of Bi2201 grains and intergrowths on the

III. Role of Bi2201 intergrowths
Bi2212 grains are extracted from Bi2212 filaments with
and without significant Bi2201 grains present. Electron
transparent samples are prepared with a focused ion beam
(a lift-out technique) along the preferred [100] zone axis.
As seen in Fig. 3, the high angle annular dark field
scanning transmission electron microscope (HAADF
STEM) image of a Bi2212 grain, extracted from a Bi2212
filament, shows a lower intergrowth density compared to
the Bi2212 grains extracted from a Bi2201 filament. In
Fig. 4, Bi2201 intergrowths are found with varying
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(a)

coherence length, and the Bi2212/Bi2201 interface is not
perfectly smooth, therefore are considered as weak-links.
In region Π, the contribution of the weakly-linked
network is diminished at intermediate magnetic fields and
disappears at higher magnetic fields. This semi-plateau
region illustrates the intragranular intrinsic J c(H) behavior
of the Bi2212 grains.

(b)

Fig. 2. Jc versus the percentage of (a) Bi2212, (b) Bi2201
filaments, SEM cross-sectional of each filament type is given.

widths, including half-cells and full-cells 1.1 nm and 2.2
nm, respectively. In the case of half or full-cell
intergrowths, Bi2201 a-b planes are aligned parallel to the
Bi2212 a-b planes, with a coherent boundary which does
not distort the lattice, suggesting these Bi2201
intergrowths are not barriers to transport. Supercurrent
passes through these thin intergrowths via a Josephson
junction (JJ) mechanism [14, 15].
To study the contribution of Bi2201 intergrowths in
transport, magnetization and filed transport studies done
on two Bi2212/Ag wires with significantly different in
Bi2201 filament contents and Jc. Wire 1 (W1) has 60% of
Bi2212 and 14% Bi2201 filament area fractions and wire
2 (W2) has 31% Bi2212 and 52% Bi2201 filament area
fractions. Comparing the magnetization behavior of the
two wires indicates that W1 is more isotropic than W2.
W2 has more c-axis aligned Bi2201 grains, reducing caxis transport and increased anisotropy.
Fig. 5 shows Jc(H) in applied magnetic fields up to 8 (with
small field increments, 0.02 to 0.05 T for fields up to 1 T).
Dashed lines at magnetic fields of 0.4 and 0.8 T separate
three distinct regions in Jc(H) behavior.

Fig. 4. Atomic resolution HAADF-STEM image on [100] zone
showing the unit-cell size of Bi2212 and Bi2201

Fig. 5. Critical current density as a function of magnetic field of
W1 and W2.

In region Ш (H > 0.8 T) a consistent decline in J c(H) is
observed because Jc is mainly governed by flux pinning.
Jc decreases more slowly in W2 than W1. W2 has higher
Bi2201 intergrowth density within Bi2212 grains. This
increases more likelihood of presence of more half-cell
and full-cell, which are potential pinning centers.
IIII. Conclusion
A statistical approach shows Bi2201 grains are
significantly destructive to wire transport. Substantial
enhancements in Bi2212 wire performance requires either
avoiding the formation of Bi2201 grains, or ensuring
complete conversion of Bi2201 to Bi2212 grains.
The smaller size of half- and full-cell Bi2201
intergrowths, as compared to the Bi2212 coherence
length, and their smooth interfaces with Bi2212, imply
that these are not additional barriers to transport
properties. Bi2212/Bi2201 grain interfaces and wide
intergrowths primarily cause weak-link behavior. Bi2201
intergrowths close to coherence length size provide
additional pinning centers.

Fig. 3. HAADF STEM image of a Bi2212 grain, extracted from
a (a) Bi2212 filament (b) Bi2201 filament

Differences in self-field Jc are due to the difference in
Bi2201 filament area fraction in the two wires. At low
magnetic field, where behavior is dominated by weakly
linked c-axis transport, a clear difference in the magnetic
field dependencies of the two wires are seen. Jc decreases
30% at ~ 0.2 T in W2, yet only ~ 5% in W1. Wide Bi2201
intergrowths (~ 20 nm) are 7 times larger than Bi2212
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