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Abstract—The RABITS™/MOD-YBCO route has been iden-
tified as a low-cost manufacturing process for high performance
2G wire. AMSC has used this approach to design a full-scale
production line based on a “wide-strip” manufacturing process.
The current production-scale equipment is designed to process
strips with a width up to 10 cm and length up to 1 km; however,
the initial operation of the equipment uses a 4-cm wide strip.
As with any new manufacturing technology, a number of start-
up issues were experienced during the commissioning of the
production line. This paper describes some of the successes in
addressing these issues, as well as ongoing efforts to improve
processing yield.

1. INTRODUCTION

Second generation (2G) high temperature superconducting
(HTS) wires (AMSC’s laminated architecture is called “344
superconductors”) have moved out of the laboratory and are
now being produced in the quantity, and with the perform-
ance required for large-scale commercial application demon-
strations. The initial production of 2G wire is being carried
out in a production-scale manufacturing facility brought on-
line by American Superconductor (AMSC) at the end of
2007. In this paper, we describe the general approach to de-
velop and commission the 2G manufacturing process. We
also discuss a few of the issues encountered during the initial
commissioning of AMSC’s 2G manufacturing line and the
successes in addressing them.

II. SCALE-UP OF 2G WIRE MANUFACTURING

The development and scale up of the 2G wire process at
AMSC involved three stages: (1) an R&D stage, (2) a pilot
stage and (3) a full-scale manufacturing line. Each of these
stages focused on different aspects of the technology, but
each was critical to addressing issues related to final per-
formance, yield and cost of the process

R&D Stage: The R&D stage focused on evaluating vari-
ous technologies for both the template and HTS layers in
terms of technical feasibility, inherent performance and
manufacturability.  This initial work identified the RA-
BiTS/MOD-YBCO technology as the best selection for high
performance, low-cost process based on a “wide-strip” roll-
to-roll manufacturing process. The R&D efforts then focused
on designing and testing reel-to-reel processing technologies
compatible with the RABiTS/MOD processes. This stage
culminated on the demonstration of the RABiTS/MOD-
YBCO process in R&D scale, reel-to-reel equipment de-

signed to process l-cm wide strips up to a few meters in
length.

Pilot Stage: The primary focus of the pilot stage was de-
veloping and testing the key processing technologies and
reel-to-reel machines required for the “wide-strip” technol-
ogy. A major requirement was designing equipment capable
of replicating the R&D processes while achieving the same
level of performance in a continuous, high-rate “wide-strip”
process.

The work focused on testing and evaluating various manu-
facturing technologies and machine designs, and selecting the
specific processes based on a variety of factors including per-
formance, deposition rates, line speeds, manufacturability,
capital cost, operating costs, etc. A primary goal throughout
this stage was insuring that the processes and machines were
capable of achieving the target cost and yield metrics required
for a commercial 2G wire. Throughout this stage, work also
focused on qualifying vendors and establishing their capabil-
ity for supplying materials in production quantities. This
stage concluded with the demonstration of a pilot line capable
of processing a 4-cm wide strip in lengths up to 100 meters.
The 344 superconductors produced from this process
achieved critical currents of ~100 A as shown in Fig. 1 [1].
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Fig. 1. Benchmark performance (I, at 77K, self-field) of a 344 supercon-
ductors produced AMSC’s in pilot manufacturing line (0.8 pm
Y (Dyo.s)Ba,Cu;Oy layer) [1].

Production Stage: The Production stage focused on de-
signing, building and commissioning production-scale ma-
chines capable of processing strips up to 10-cm in width and
lengths to 1 km. Once each machine was delivered to
AMSC, it underwent extensive testing during the commis-
sioning and qualification process. A major area of concern
was verifying the uniformity of the process over the width of
the wide strip and establishing the stability of the process
over length. In addition, significant effort was devoted to
refining the reel-to-reel transport systems to eliminate dam-
age during the numerous process steps.



III. OPTIMIZATION OF 2G PRODUCTION

The initial operation of the production line resulted in 344
superconductors with a lower performance than the bench-
mark performance achieved in the pilot line. Thus once all
the production-scale machines were commissioned, the focus
of the scale up effort shifted to evaluating the performance of
the individual processes against the benchmark performance
of the pilot processes, establishing the stable processing win-
dows and optimizing interactions between the process steps.

Root cause analyses identified a number of critical differ-
ences in the operation of the production machines compared
to the pilot machines. One process that was particularly chal-
lenging to analyze and correct was the Y,0; (‘seed”) buffer
deposition. In this process, a previously unseen secondary
texture, identified as Y,03;<100> || NiW<110> texture where
the Y,0; has a single axis epitaxy, was observed at high
deposition temperatures favorable for enhancing the epitaxial
growth of the Y,0; on the Ni-W substrate [2, 3]. Optimiza-
tion of the process required maximizing the primary texture
while suppressing the development of the secondary texture
by adjusting the various process parameters.

Similar optimizations were carried out on other process
steps to both improve the operation of the individual ma-
chines and to optimize the interactions between processes.

The root cause analyses also identified subtle quality
changes in raw materials as an additional source of the ini-
tially low performance of the 2G wire. This was observed in
a number of cases as vendors modified their processes to in-
crease the batch size from the pilot to production quantities.

One example was the quality of the NiW material. The
transition from pilot to production-scale manufacturing re-
quired increasing the Ni5at%W batch size from approxi-
mately 300 Ib to 5,000 Ib. Analysis of the initial production-
scale NiW lot showed it met all the material metrics; how-
ever, the final substrate had a reduced percent cube texture
compared the smaller pilot scale lots. Detailed studies of the
material identified subtle differences in the early manufactur-
ing process at the vendor that necessitated changes in the
rolling and annealing conditions to form the final substrate.
The solution was to adjust the process at the vendor to insure
that the same material is consistently delivered and is com-
patible with the standard deformation and annealing proce-
dures in AMSC’s production line.

Similar optimizations were carried out with materials from
other vendors resulting in improved material specifications
insuring a consistent quality in the material supply.

Once the initial optimizations were complete, the inherent
performance of the 344 superconductors produced in the pro-
duction line was equal to, or in many cases exceeded, that of
the pilot wire. A result at the upper end of the present distri-
bution of production is shown in Fig. 2 [1]; this gives an indi-
cation of the potential for this process, and we continue to
optimize to tighten the distribution toward this high level.

Further improvements in the 2G manufacturing process are
focused on identifying the root cause of local dips in the criti-

cal current of individual 344 superconductor wire such as
shown in Fig. 3 [4]. In general, these are associated with
mechanical defects including particulates, scratches and han-
dling damage. Eliminating these mechanical-based defects is
resulting in increased I. uniformity and piece length.
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Fig. 2. Performance (I, at 77K, self-field) of a 344 superconductors pro-
duced in the production-scale manufacturing line (0.8 pm
Y(Dyg_s)BaZCmOy layer) [1]
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Fig. 3. Ic performance (top) of a 200 meter long 344 superconductors
produced in AMSC’s production scale manufacturing line [4]
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