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SUPERCONDUCTOR FABRICATION
PROCESSES

CROSS-REFERENCE TO RELATED
APPLICATION(S)

BACKGROUND

1. Field of the Invention

The present invention is generally directed to supercon-
ductive articles, and more specifically methods for forming
superconductive articles.

2. Description of the Related Art

Superconductor materials have long been known and
understood by the technical community. Low-temperature
(low-T_) superconductors exhibiting superconductive prop-
erties at temperatures requiring use of liquid helium (4.2 K),
have been known since about 1911. However, it was not
until somewhat recently that oxide-based high-temperature
(high-T,) superconductors have been discovered. Around
1986, a first high-temperature superconductor (HTS), hav-
ing superconductive properties at a temperature above that
of liquid nitrogen (77 K) was discovered, namely
YBa,Cu,0,_, (YBCO), followed by development of addi-
tional materials over the past 15 years including
Bi,8r,Ca,Cu;0,4,,, (BSCCO), and others. The development
ot high-T_ superconductors has brought potential, economi-
cally feasible development of superconductor components
incorporating such materials, due partly to the cost of
operating such superconductors with liquid nitrogen rather
than the comparatively more expensive cryogenic infra-
structure based on liquid helium.

Of the myriad of potential applications, the industry has
sought to develop use of such materials in the power
industry, including applications for power generation, trans-
mission, distribution, and storage. In this regard, it is esti-
mated that the inherent resistance of copper-based commer-
cial power components is responsible for quite significant
losses in electricity, and accordingly, the power industry
stands to gain significant efficiencies based upon utilization
of high-temperature superconductors in power components
such as transmission and distribution power cables, genera-
tors, transformers, and fault current interrupters. In addition,
other benefits of high-temperature superconductors in the
power industry include an increase in one to two orders of
magnitude of power-handling capacity, significant reduction
in the size (i.e., footprint) of electric power equipment,
reduced environmental impact, greater safety, and increased
capacity over conventional technology. While such potential
benefits of high-temperature superconductors remain quite
compelling, numerous technical challenges continue to exist
in the production and commercialization of high-tempera-
ture superconductors on a large scale.

Among the many challenges associated with the commer-
cialization of high-temperature superconductors, many exist
around the fabrication of a superconducting tape that can be
utilized for formation of various power components. A first
generation of superconducting tape includes use of the
above-mentioned BSCCO high-temperature superconduc-
tor. This material is generally provided in the form of
discrete filaments, which are embedded in a matrix of noble
metal, typically silver. Although such conductors may be
made in extended lengths needed for implementation into
the power industry (such as on the order of hundreds of
meters), due to materials and manufacturing costs, such
tapes do not represent a commercially feasible product.
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Accordingly, a great deal of interest has been generated in
the so-called second-generation HTS tapes that have supe-
rior commercial viability. These tapes typically rely on a
layered structure, generally including a flexible substrate
that provides mechanical support, at least one buffer layer
overlying the substrate, the buffer layer optionally contain-
ing multiple films, an HTS layer overlying the buffer film,
and an electrical stabilizer layer overlying the superconduc-
tor layer, typically formed of at least a noble metal. How-
ever, to date, numerous engineering and manufacturing
challenges remain prior to full commercialization of such
second generation-tapes.

Accordingly, in view of the foregoing, various needs
continue to exist in the art of superconductors, and in
particular, provision of commercially viable superconduct-
ing tapes, methods for forming same, and power compo-
nents utilizing such superconducting tapes.

SUMMARY

According to an aspect of the present invention, a method
of forming a superconductive device is provided including
providing a substrate having a dimension ratio of not less
than about 10% and depositing a buffer film to overlie the
substrate by ion beam assisted deposition utilizing an ion
beam. Further, the method calls for monitoring a spatial ion
beam density of the ion beam over a target area, and
depositing a superconductor layer to overlie the buffer film.

According to another embodiment, a method for forming
a superconductive device is provided, including providing a
substrate having a dimension ratio not less than 10% and
depositing a buffer film so as to overlie the substrate by ion
beam assisted deposition. Further, monitoring an ion beam
density is carried out by utilizing an ion detector having an
acceptance angle of not less than 10°. The process further
calls for depositing a superconducting layer to overlie the
buffer film.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be better understood, and its
numerous objects, features, and advantages made apparent
to those skilled in the art by referencing the accompanying
drawings.

FIGS. 1A-1B illustrate an ion beam assisted deposition
(IBAD) system according to an embodiment of the present
invention.

FIGS. 2A and 2B illustrate additional details of the IBAD
system, including provision of a Faraday cup assembly.

FIG. 3 illustrates a process for operating the IBAD
system.

FIG. 4 illustrates an alternative embodiment of a Faraday
cup assembly.

FIG. 5 illustrates a process flow for operating an alterna-
tive IBAD system.

FIG. 6 illustrates another embodiment of an ion detector
in the form of a Faraday cup.

FIG. 7 illustrates a general layout of a multiple-pass
translation apparatus for large-scale deposition processing.

FIG. 8 illustrates the effect of ion to atom ratio on
crystallographic texture of a deposited film.

FIGS. 9 and 10 illustrate translation apparatuses for
spatial ion density measurement.

FIG. 11 illustrates the generalized layered structure of a
superconductive article formed according to embodiments
of the present invention.
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The use of the same reference symbols in different draw-
ings indicates similar or identical items.

DETAILED DESCRIPTION

For the purposes of promoting an understanding of the
invention, reference will now be made to embodiments of
the present invention as illustrated in FIGS. 1-11 and specific
language used to describe the same. The terminology used
herein is for the purpose of description, not limitation.
Specific structural and functional details disclosed herein are
not to be interpreted as limiting, but merely as a basis for the
claims as a representative basis for teaching one skilled in
the art to variously employ the present invention. Any
modifications or variations in the depicted structures and
methods of making same, and such further applications of
the principles of the invention as illustrated herein, as would
normally occur to one skilled in the art, are considered to be
within the scope of this invention.

An embodiment of the present invention describes pro-
cess for deposition of biaxially-textured films as a buffer
layer for second-generation high temperature superconduct-
ing tapes having a high critical current density. As used
herein, the critical current density refers to a measurement of
current carrying capacity, and is abbreviated J_, measured in
amperes/square centimeter (A/cm® at 0T and 77K).

The critical current density in oxide films is partly depen-
dent upon grain-to-grain misalignments. Higher J . values are
associated with smaller misalignment angles. Devices uti-
lizing aspects of the present invention have good control
over the grain alignment of the materials therein, as high-
angle boundaries impede current flow. In order to create
low-angle grain boundaries in a material, a biaxial texture is
established in the material. A biaxially-textured film gener-
ally is a polycrystalline material having an in-plane and
out-of-plane crystal texture, in which both the crystallo-
graphic in-plane and out-of-plane grain-to-grain misorien-
tation of the surface is less than about 30°, such as less than
about 20°, 15°, 10°, or 5°, but often times greater than about
1°. The degree of biaxial texture can be described by
specifying the distribution of grain in-plane and out-of-plane
orientations as determined by x-ray diffraction. A full-width-
half-maximum (FWHM) of the rocking curve of the out-of-
plane (Aw) and in-plane (A¢) reflection can be determined.
Therefore, the degree of biaxial texture can be defined by
specifying the range of Aw and A¢ for a given sample.

According to an embodiment, the IBAD (ion beam
assisted deposition) system functions to deposit the biaxially
textured buffer layers of HTS tapes. In this system, there
is/are evaporator sources providing flux of atoms or atom
clusters toward the substrate tape to form the buffer layer on
the substrate. In order to obtain biaxial texture in the buffer
layer during deposition, an energetic ion beam from an ion
source inside the system is arranged to simultaneously
bombard the buffer layer during deposition at a oblique
incident angle from substrate normal. The ion to atom arrival
ratio, which is defined as the ratio of ions arriving at an area
of tape within a time interval to atoms arriving on same area
of the tape within same time interval, affects the biaxial
texture obtained in the buffer layer.

FIG. 8 shows an example of how ion to atom arrival ratio
effects texture of said biaxially-textured buffer layer. For
clarity, the y-axis showing texture represents the full width
half maximum FWHM angle of phi-scan measured from a
deposited sample, the lower the angular measurement, the
better the crystallographic alignment in the deposited film.
In this regard, the FWHM values typically denote the degree
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of in-plane alignment of the biaxially textured buffer film.
So it is important to monitor and control the ion to atom
arrival ratio in order to get best biaxial texture in said buffer
layer. In order to monitor the ion to atom arrival ratio, it is
necessary to monitor the ion beam density profile over
deposition zone and atom flux profile over deposition zone.
The atom flux profile over deposition zone is monitored by
scanning a crystal thickness sensor or sensor array over
deposition zone, the ion beam density profile over deposi-
tion zone is monitored by scanning faraday cup or faraday
cup array over the deposition. According to measured ion
beam profile, we can adjust position, angle and parameters
of ion source to match ion beam density profile with atom
flux profile to make ion to atom arrival ratio at each point of
deposition zone as optimal as possible. By doing this, the
best texture and highest throughput of biaxially textured
buffer tape can be obtained.

According to an aspect of the present invention, fabrica-
tion of a superconductive article begins with provision of a
substrate. The substrate is generally metal-based, and typi-
cally, an alloy of at least two metallic elements. Particularly
suitable substrate materials include nickel-based metal
alloys such as the known Inconel® group of alloys. The
Inconel® alloys tend to have desirable thermal, chemical
and mechanical properties, including coefficient of expan-
sion, thermal conductivity, Curie temperature, tensile
strength, yield strength, and elongation. These metals are
generally commercially available in the form of spooled
tapes, particularly suitable for superconductor tape fabrica-
tion, which typically will utilize reel-to-reel tape handling.

The substrate is typically in a tape-like configuration,
having a high dimension ratio. For example, the width of the
tape is generally on the order of about 0.4-10 cm, and the
length of the tape is typically at least about 100 m, most
typically greater than about 500 m. Indeed, embodiments of
the present invention provide for superconducting tapes that
include a substrate having a length on the order of 1 km or
above. Accordingly, the substrate may have a dimension
ratio which is fairly high, on the order of not less than 107,
or even not less than 10°. Certain embodiments are longer,
having a dimension ratio of 10* and higher. As used herein,
the term ‘dimension ratio’ is used to denote the ratio of the
length of the substrate or tape to the next longest dimension,
the width of the substrate or tape.

FIGS. 1A and 1B illustrate a front view and a side view,
respectively, of an IBAD system 100. The IBAD system 100
includes an IBAD chamber 110 that is a vacuum chamber.
The IBAD chamber 110 may be constructed of any non-
corroding metal, such as 304 stainless steel, and is generally
constructed to obtain a base pressure on the order of 1077
Torr. The IBAD chamber 110 houses electron beam
(e-beam) evaporators 114 centered horizontally with the
substrate block 118 An ion detector, such as in the form of
a faraday cup, of ion-monitoring system 120 translates
through a range of positions within the IBAD chamber 110
and is at times aligned with an ion source 116, which may
be embodied as a radio frequency (RF) ion source. The
deposition zone is an area on the bottom surface, that is, the
surface of the substrate block facing the e-beam evaporator,
of the substrate block where tapes 112 receive deposit from
the e-beam evaporator 114 and is bombarded by ions form
the ion source 116. This area is usually defined by an
aperture close to the bottom surface of the substrate block.
The aperture prevents tape outside the deposition zone form
receiving deposition and ion bombardment. The ion source
116 is disposed with respect to the substrate block 118 such
that a beam of ions is directed toward a translating substrate
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tape 112 at an incident angle of, for example, 55 degrees,
from the tape normal. The IBAD system 100 further
includes a controller 122 that is in communication with and
controls the operation of certain elements within the IBAD
chamber 110. The controller 122 may be one or more
micro-controllers or a PC. While particular reference is
made to e-beam evaporation sources, others may be
employed as well, including a resistively heated evaporation
source, an ion beam sputtering source, or magnetron sput-
tering source.

The tape 112 is a polished length of polished substrate, as
generally described above. The tape 112 translates through
the IBAD chamber 110 via the action of a reel-to-reel
spooling system (not shown) while ion beam assisted film
deposition occurs along the portion of the tape within the
deposition zone defined above.

The substrate block 118 is a long, typically metal block
having an internal coolant passageway loop. The length of
the substrate block bottom surface 118 may range from 20
cm to 100 meters, for example. The width of the substrate
block 118 may range from 1 cm to 10 m. Typically, the
bottom surface of the substrate block has similar dimensions
as the cross section of the ion beam from the ion source to
make good use of the ion source bombardment area. In
addition, the substrate block 118 may include a shutter that
can be opened to expose the deposition zone to the ion beam
and deposition flux from the evaporator during the IBAD
process and can be closed to prevent tape from ion beam
bombardment and deposition from the evaporator according
to process requirements. The substrate block 118 is posi-
tioned within the IBAD chamber 110 so that a deposition
zone for the tape 112 is created at the bottom surface of the
substrate block 118.

The ion-monitoring system 120 is a translatable device
capable of collecting and detecting ions. The ion-monitoring
system 120 is further described in reference to FIG. 2. In
another embodiment, ion detector of the ion-monitoring
system 120 can be replaced by an ion detector array, as is
further described in reference to FIG. 4.

The IBAD system 100 is a high-throughput system that
deposits the biaxially textured buffer layers of HTS tapes.
The ion-monitoring system 120, described in reference to
subsequent figures, is particularly well suited for use in the
large deposition zone to measure the spatial distribution of
ion density along the deposition zone. In operation, the tape
112 translates through the IBAD chamber 110 and makes
contact with the substrate block 118 in the deposition zone.
The tape 112 is exposed to vapor emitted from the e-beam
evaporator 114. Simultaneously, the tape 112 is bombarded
by ions emitted from the ion source 116. A thin film buffer
layer formed of, for example, YSZ (yttrium-stabilized zir-
conia), CeO,, MgO, NiO, Y,0;, TiO,, SnO,, Mn,0,,
Fe,0,, CU,O, RE,O;, or combinations thereof are thereby
deposited atop the tape 112. The ion-monitoring system 120
samples the ions released from the ion source 116 through a
range of points under the substrate block 118 and relates the
data to the controller 122. The controller 122 makes adjust-
ments to the operation of the IBAD system 100 based on
data from the ion monitoring system 120. The tape 112
winds onto a spool and is stored for subsequent deposition
of a superconducting layer, such as yttrium-barium-copper-
oxide (YBCO), which may occur in a separate deposition
system.

FIGS. 2A and 2B illustrate a side view and a top view,
respectively, of the ion-monitoring system 120. The ion-
monitoring system 120 includes a Faraday cup assembly 210
that is positioned directly below the substrate block 118 at an
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angle of, for example, 55 degrees from the normal of the
tape 112, such that the Faraday cup assembly 210 is directly
aligned with the stream of ions emitted from the ion source
116 and can be moved away from the path between the ion
source 116 and the tape 112. The Faraday cup assembly 210
is a device that collects ions emitted from the ion source 116.
The Faraday cup assembly 210 is further described in
reference to FIG. 6

A shield cable 212 functionally connects the Faraday cup
assembly 210 such that a signal line exists from the faraday
cup 210 through shield cable 212 to the measurement
electronics. The arm 214 is a rigid pipe or beam capable of
supporting the Faraday cup assembly 210 and the shield
cable 212. The arm 214 may be constructed from a variety
of materials that are capable of withstanding the environ-
ment within the IBAD chamber 110.

The arm 214 passes through a chamber wall 224 via a
feed-through 216 such that the arm 214 is free to move
laterally and longitudinally within the feed-through 216 that
maintains a seal capable of withstanding pressures down to
1077 Torr. The arm 214 is functionally connected to a
translator 218. The translator 218 is a commercially avail-
able mechanism capable of translating the arm 214, the
shield cable 212, and the Faraday cup assembly 210 in at
least two orthogonal directions, preferably in a plane parallel
to the tape 112. Examples of a mechanism may include a
linear motor or a rack and pinion mechanism. It is noted that
while a particular structure is shown in FIGS. 2A and 2B, it
may be modified in various ways. For example, the trans-
lation mechanism can be implemented inside the vacuum
chamber, which advantageously attenuates the need for
having a large feed-through.

FIG. 3 illustrates a method 500 of using the ion-monitor-
ing system 120 of the present invention, including the
following steps.

Step 510: Starting Process

In this step, the tape 112 translates through the IBAD
chamber 110 and is subjected to a deposition process in
which the tape 112 is exposed to a depositing species emitted
from the e-beam evaporator 114 while undergoing simulta-
neous ion bombardment from the ion source 116. The
ion-monitoring system 120 is idle, positioned outside of the
deposition zone such that ions emitted from the ion source
116 generally do not contact the Faraday cup assembly 210.

Step 512: Setting Index Parameter to First Measurement
Position

In this step, the controller 122 communicates to the ion
monitoring system 120 the first of a predetermined series of
positions along the deposition zone from which the ion
monitoring system 120 is to sample.

Step 514: Indexing Faraday Cup Assembly

In this step, the translator 218 translates the ion-monitor-
ing system 120, more specifically the Faraday cup assembly
210, to the sampling point communicated to it by the
controller 122 such that the Faraday cup assembly 210 may
collect ions emitted from the ion source 116 at an angle of
for example, 55 degrees from the normal of the tape 112.

Step 516: Collecting Ions

In this step, the ion-monitoring system 120 collects and
monitors ion emissions from the ion source 116 and com-
municates the data to the controller 122.

Step 518: lon Emission within Range?

In this decision step, the controller 122 compares the
amount of ions collected to a set value and determines
whether the ion emission is within an acceptable range. If
yes, method 500 proceeds to step 520. If no, method 500
proceeds to step 518.
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Step 520: Done?

In this decision step, the controller 122 determines
whether the translator 218 has indexed the Faraday cup
assembly 210 through each of a number of predetermined
positions along the deposition zone. If yes, method 500
proceeds to step 524; if no, method 500 proceeds to step 522.

Step 522: Incrementing Position Parameter

In this step, the controller 122 communicates to the
ion-monitoring system 120 the next in a predetermined
series of positions along the deposition zone from which the
ion monitoring system 120 is to sample.

Step 524: Retracting Faraday Cup Assembly

In this step, the translator 218 retracts the Faraday cup
assembly 210 to a position outside of the deposition zone
such that the bulk of ions emitted from the ion source 116 do
not contact the Faraday cup assembly 210.

Step 526: Waiting

In this step, the Faraday cup assembly 210 rests in an idle
waiting pattern for a predetermined amount of time. During
this time, the ion-monitoring system 120 may monitor the
ions detected at that location.

Step 518: Shutting Down

In this step, the IBAD system 100 is shut down, an error
message is displayed via the controller 122, and production
is halted. For example, the controller 122 may close the
shutter (not shown) and halt the translation of the tape 112.
Method 500 ends.

Alternatively to shutting down, if the measured profile is
outside a predetermined specification, any one of or several
processing parameters may be adjusted, including those
relating to the ion source, ion source position, etc. to bring
the profile to within specification.

Another embodiment of the present invention replaces the
ion-monitoring system 120 of the first embodiment with an
array of multiple ion-monitoring instruments.

FIG. 4 shows an ion-monitoring array 600 according to
another embodiment. The ion-monitoring array 600 includes
multiple instantiations of the Faraday cup assembly 210
functionally connected to corresponding multiple instantia-
tions of the shield cable 212, which in turn are functionally
connected to the electronics 612 such that a signal line exists
from each of the multiple instantiations of the shield cable
212 through the arm 214. The arm 214 passes through the
feed-through 216 such that the arm 214 is free to move
laterally and longitudinally within the feed-through 216 of
the chamber wall 224 while maintaining a seal capable of
withstanding pressures down to 1077 Torr. The arm 214 is
functionally connected to the translator 218 and a cable 610,
which in turn is functionally connected to the electronics
612, which exist outside of the IBAD chamber 110. FIG. 4
further includes the substrate block 118, underneath which
the ion-monitoring array 600 is positioned such that a series
of'equally spaced instantiations of the Faraday cup assembly
210 exist over a profile of the substrate block 118.

The cable 610 is a commercially available cable capable
of transmitting various signals independently through dif-
ferent channels. The electronics 612 are a system of elec-
tronics that detects an ion charge sensed by the Faraday cup
assemblies 210 and generates a corresponding electric sig-
nal.

In operation, ions enter through the center of the shields
310 contained within the Faraday cup assemblies 210. Ions
collide with the collector plates 316. A charge then is then
released from the collector plates 316 and is transmitted
through the leads 318 (which lie within the shield cables
212), the arm 214, and the cable 610 until it is detected by

20

30

35

40

45

50

55

60

65

8

the electronics 612. The electronics 612 then send a signal
to the controller 122 as described in reference to FIG. 1A.

In addition, the translator 218 translates the arm 214, the
shield cables 212, and the Faraday cup assemblies 210 of the
ion-monitoring array 600 laterally and longitudinally over
the profile of the substrate block 118.

FIG. 5. illustrates a method 800 of using the ion-moni-
toring array 600 of the second embodiment of the invention,
including the following steps:

Step 810: Starting Process

In this step, the tape 112 translates through the IBAD
system 100 and is subjected to a deposition process in which
the tape 112 is exposed to a depositing species emitted from
the e-beam evaporator 114 while undergoing simultaneous
ion bombardment from the ion source 116.

Step 812: Positioning Array

In this step, the translator 218 translates the ion-monitor-
ing array 600 along the deposition zone, which exists below
the substrate block 118, such that the Faraday cup assem-
blies 210 encounter ions emitted from the ion source 116 at
an angle of about 55 degrees from the normal of the tape
112.

Step 814: Collecting Ions

In this step, the ion-monitoring array 600 collects ion
emissions from the ion source 116 and communicates the
data to the controller 122.

Step 816: lon Emission within Range?

In this decision step, the controller 122 compares the
amount of ions collected from each of the Faraday cup
assemblies 210 in the ion-monitoring array 600 to a set of
values and determines whether the ion emission is within an
acceptable range. If yes, method 800 proceeds to step 818;
if no, method 800 proceeds to step 822.

Step 818: Retracting Array

In this step, the translator 218 retracts the ion-monitoring
array 600 to a position outside of the deposition zone such
that the bulk of ions emitted from the ion source 116 do not
contact the Faraday cup assemblies 210.

Step 820: Waiting

In this step, the ion-monitoring array 600 rests in an idle
waiting pattern for a predetermined amount of time. During
this time, the ion-monitoring array 600 may monitor the ions
detected at that location.

Step 822: Shutting Down

In this step, the IBAD system 100 is shut down, an error
message is displayed via the controller 122, and production
is halted. For example, the controller 122 may close a shutter
(not shown) and halt the translation of the tape 112. Method
800 ends.

Alternatively to shutting down, if the measured profile is
outside a predetermined specification, any one of or several
processing parameters may be adjusted, including those
relating to the ion source, ion source position, etc. to bring
the profile to within specification.

Embodiments of the present invention include an ion-
monitoring system for monitoring ion current over large
areas, such as the enlarged deposition zones of high-
throughput IBAD systems. One or more Faraday cup sen-
sors that translate through a range of positions throughout an
area of interest are generally provided.

Turning to FIG. 6, a particular structure of an ion detector
is disclosed. Particularly, the, ion detector is formed of a
Faraday cup 900 for detecting ions traveling along trajectory
paths 902 as illustrated by the arrows. The particular Fara-
day cup 900 is configured to accept ions traveling along
trajectories at even substantial angles with respect to the
central axis of the collector 904. As illustrated, shield 910
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included angled surfaces and together with the structure of
collector 904, accommodates and detects ions traveling
along various angles. In particular, typically the Faraday cup
900 has an acceptance angle not less than about 20°,
typically not less than about 30°, such as not less than about
35° or even 40°. Acceptance angle is defined as the angle
between the central axis of the Faraday cup with respect to
the trajectory path of an incoming ion. Various angles are
shown with respect to central axis C. By utilizing a Faraday
cup having relatively large acceptance angles as described
above, a more accurate measurement of ions in connection
with the HTS fabrication process can be detected, providing
less sensitivity of Faraday cup misalignment. Turning to
other structural aspects, the Faraday cup 900 includes an
outer housing 908, within which collector 904 is disposed,
generally composed of a conductive carbonaceous material.
Still further, the Faraday cup 900 includes a particular bias
plate 906, which is generally negatively charged during
operation to repel electrons. The bias plate 906 typically has
a plurality of holes as shown, and functions to screen
electrons from the Faraday cup. Generally, the bias plate has
at least two holes, such as three, four, or five holes. Some
embodiments have on the order of seven holes or higher.
Alternatively described, the bias plate 906 is perforated. Use
of'a multi-hole bias plate helps repel electrons efficiently and
enables fabrication of a small Faraday cup.

FIG. 7 illustrates a layout of a translation apparatus for
use in connection with the deposition of a buffer film by the
IBAD process described above. Translation system 10 is
generally configured to wrap substrate tape 112 various
times about first and second rollers 12 and 14 respectively.
As shown, the tape segments 112a-112¢ extend generally
parallel to each other but in a slanted configuration with
respect to rollers 12 and 14 forming a helical routing
structure. The segments 112a-112¢ are routed about rollers
12 and 14 so as to pass over substrate block 118, defining a
deposition zone 19. The segments may be continuously
translated over the substrate block 18 by driving the rollers
s0 as to rotate about respective axes 16 and 18. As described
above, one or more Faraday cups are employed according to
embodiments of the present invention to monitor ion density
over substantially the entirety of the deposition zone 19. In
this way, ion density as a function of position through the
zone may be measured, referred to herein as spatial ion
density.

FIG. 9 illustrates translation mechanisms of embodiments
of the present invention in connection with a single ion
detector or Faraday cup assembly. As shown in FIG. 9, a
target area or deposition zone may be scanned via a raster-
like technique by translating Faraday cup assembly 210 in X
and Y directions as illustrated. Translation may be carried
out by translation mechanism 1200 that includes a frame 210
to which translation head 1220 is mounted. A rotation drive
1214 cooperates with pulley 212 to drive belt 1216 and
translate the head 1220 in the X direction, while head 1220
operates translation arm 1218 to translate the Faraday cup
assembly 210 in the Y direction. The embodiment illustrated
a single faraday cup, which is cost effective and simple to
implement in an IBAD system. However, such implemen-
tations generally require extended time intervals to fully
characterize an ion beam profile over a large deposition
zone.

FIG. 10 illustrates translation mechanisms in connection
with a Faraday cup array. The Faraday cup assembly 210
having a plurality of Faraday cups or ion detectors arranged
along a line forming an array. The array may translated over
the Y direction by operating translation mechanism 1300,
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and in particular, operating translation head 1320 to translate
the arm in the Y direction as illustrated. By using an array
of Faraday cups, the full width ion density along the X
direction can be measured simultaneously, reducing the time
needed to fully characterize the ion beam profile over the
deposition zone.

Turning to FIG. 11, the general layered structure of a
superconductor article according to an embodiment of the
present invention is depicted. The superconductor article
1400 includes a substrate 1410, a buffer layer 1412 overly-
ing the substrate 1410, an superconductor layer 1414, fol-
lowed by a capping layer 1416, typically a noble metal layer,
and a stabilizer layer 1418, typically a non-noble metal.

Turning to the buffer layer 1412, the buffer layer may be
a single layer, or more commonly, be made up of several
films. The buffer layer includes a biaxially textured film
formed in accordance with the processing details as dis-
cussed above. Magnesium oxide is a typical material of
choice for the IBAD film, and may be on the order or 50 to
500 Angstroms, such as 50 to 200 Angstroms. Generally, the
IBAD film has a rock-salt like crystal structure, as defined
and described in U.S. Pat. No. 6,190,752, incorporated
herein by reference. Suitable materials include MgO, NiO,
YSZ, CeO,, Y,0;, TiO,, SnO,, Mn;0,, Fe,0,, Cu,0, and
RE,O; where RE=a rare earth element).

The buffer layer may include additional films, such as a
barrier film provided to directly contact and be placed in
between an IBAD film and the substrate. In this regard, the
barrier film may advantageously be formed of an oxide, such
as yttria, and functions to isolate the substrate from the
IBAD film. A barrier film may also be formed of non-oxides
such as silicon nitride and titanium nitride. Suitable tech-
niques for deposition of a barrier film include chemical
vapor deposition and physical vapor deposition including
sputtering. Typical thicknesses of the barrier film may be
within a range of about 100-200 angstroms. Still further, the
buffer layer may also include an epitaxially grown film,
formed over the buffer layer. In this context, the epitaxially
grown film is effective to increase the thickness of the IBAD
film, and may desirably be made principally of the same
material utilized for the IBAD layer such as MgO.

In embodiments utilizing an MgO-based IBAD film and/
or epitaxial film, a lattice mismatch between the MgO
material and the material of the superconductor layer can
exist. Accordingly, the buffer layer may further include
another buffer film, this one in particular implemented to
reduce a mismatch in lattice constants between the super-
conductor layer and the underlying IBAD film and/or epi-
taxial film. This buffer film may be formed of materials such
as strontium ruthenate, lanthanum manganate, and generally,
perovskite-structured ceramic materials. The buffer film
may be deposited by various physical vapor deposition
techniques.

The superconductor layer 1414, typically in the form of a
high-temperature superconductor (HTS) layer, is typically
chosen from any of the high-temperature superconducting
materials that exhibit superconducting properties above the
temperature of liquid nitrogen, 77K. Such materials may
include, for example, YBa,Cu;0,_,, Bi,Sr,Ca,Cu;0,0,,,,,
Ti,Ba,Ca,Cu;0,4,,, and HgBa,Ca,Cu;0g,,. One class of
materials includes REBa,Cu;O,__, wherein RE is a rare
earth element. Of the foregoing, YBa,Cu,0,_,, also gener-
ally referred to as YBCO, may be advantageously utilized.
The superconductor layer 514 may be formed by any one of
various techniques, including thick and thin film forming
techniques. Preferably, a thin film physical vapor deposition
technique such as pulsed laser deposition (PLD) can be used
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for a high deposition rates, or a chemical vapor deposition
technique can be used for lower cost and larger surface area
deposition. Typically, the superconductor layer has a thick-
ness on the order of about 1 to about 30 microns, most
typically about 2 to about 20 microns, such as about 2 to
about 10 microns, in order to get desirable amperage ratings
associated with the superconductor layer 1414.

The capping layer 1416 and the stabilizer layer 1418 are
generally implemented for electrical stabilization, to aid in
prevention of superconductor burnout in practical use. More
particularly, layers 1416 and 1418 aid in continued flow of
electrical charges along the superconductor in cases where
cooling fails or the critical current density is exceeded, and
the superconductor layer moves from the superconducting
state and becomes resistive. Typically, a noble metal is
utilized for capping layer 1416 to prevent unwanted inter-
action between the stabilizer layer(s) and the superconductor
layer 1414. Typical noble metals include gold, silver, plati-
num, and palladium. Silver is typically used due to its cost
and general accessibility. The capping layer 1416 is typically
made to be thick enough to prevent unwanted diffusion of
the components from the stabilizer layer 1418 into the
superconductor layer 1414, but is made to be generally thin
for cost reasons (raw material and processing costs). Typical
thicknesses of the capping layer 1416 range within about 0.1
to about 10.0 microns, such as 0.5 to about 5.0 microns.
Various techniques may be used for deposition of the
capping layer 1416, including physical vapor deposition,
such as DC magnetron sputtering.

The stabilizer layer 1418 is generally incorporated to
overlie the superconductor layer 1414, and in particular,
overlie and directly contact the capping layer 1416 in the
particular embodiment shown in FIG. 5. The stabilizer layer
1418 functions as a protection/shunt layer to enhance sta-
bility against harsh environmental conditions and supercon-
ductivity quench. The layer is generally dense and thermally
and electrically conductive, and functions to bypass electri-
cal current in case of failure in the superconducting layer. It
may be formed by any one of various thick and thin film
forming techniques, such as by laminating a pre-formed
copper strip onto the superconducting tape, by using an
intermediary bonding material such as a solder or flux. Other
techniques have focused on physical vapor deposition, typi-
cally, sputtering, electroless plating, and electroplating. In
this regard, the capping layer 1416 may function as a seed
layer for deposition of copper thereon.

After completion of the superconductive tape, it may be
utilized for from various devices, including commercial or
industrial power equipment, such as power distribution or
transmission power cables, power transformers, power gen-
erators, electric motors, fault current interrupters, and simi-
lar devices.

While the invention has been illustrated and described in
connection with particular methods for forming supercon-
ductive devices, it is not intended to be limited to the details
shown, since various modifications and substitutions can be
made without departing in any way from the scope of the
present invention. For example, additional or equivalent
substitutes can be provided and additional or equivalent
production steps can be employed. As such, further modi-
fications and equivalents of the invention herein disclosed
may occur to persons skilled in the art using no more than
routine experimentation, and all such modifications and
equivalents are believed to be within the scope of the
invention as defined by the following claims.
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What is claimed is:

1. A method of forming a superconductive device, com-
prising:

providing a substrate having a dimension ratio of not less

than about 107
translating the substrate through a deposition zone having
an area defined by a first direction and a second
direction perpendicular to the first direction;
depositing a buffer film to overlie the substrate along the
deposition zone while projecting an ion beam at the
buffer film in the area;
monitoring a spatial ion beam density of the ion beam
over the area during depositing the buffer film by
translating an at least one ion detector over said area to
measure the ion density over said area of the deposition
zone, the ion detector comprising a collector for detect-
ing ions from the ion beam and a bias plate overlying
the detector through which the ions from the ion beam
pass, wherein translating the at least one ion detector is
carried out by (i) translating the at least one ion detector
in the first direction and the second direction, or (ii)
translating an array of the ion detectors in the first
direction;
controlling an ion to atom arrival ratio throughout the area
in response to monitoring the spatial ion beam density,
wherein the ion to atom arrival ratio represents the
number of ions from the ion beam arriving relative to
the number of atoms arriving to form the buffer film;

negatively charging the bias plate to substantially screen
electrons from the collector; and

depositing a superconductor layer to overlie the buffer

film.

2. The method of claim 1, further comprising setting
deposition conditions based on detected spatial ion density.

3. The method of claim 2, wherein the ion beam is
generated from an ion source, and deposition conditions
include at least one of operating parameters of the ion
source, position of the ion source, angle of the ion beam, and
deposition flux density.

4. The method of claim 1, wherein the substrate is routed
to make multiple passes through the deposition zone such
that a plurality of segments of the substrate are exposed to
depositing simultaneously.

5. The method of claim 4, wherein the plurality of
segments are generally parallel to each other, the substrate
being routed to form a helix.

6. The method of claim 1, wherein depositing is carried
out to preferentially align material forming the buffer film.

7. The method of claim 1, wherein the buffer film has a
rock salt-like crystal structure.

8. The method of claim 1, wherein the buffer film has a
biaxial crystal texture, including crystallographic alignment
both in-plane and out-of-plane.

9. The method of claim 1, wherein the buffer film is a film
of a buffer layer, the method further comprising depositing
additional films to form the buffer layer.

10. The method of claim 9, wherein the additional films
include at least one of a barrier film deposited directly on the
substrate and an epitaxial film directly overlying the buffer
film.

11. The method of claim 1, wherein the superconductor
layer has a T, not less than about 77K.

12. The method of claim 11, wherein the superconductor
layer comprises yttrium-barium-copper-oxide.

13. The method of claim 1, further comprising depositing
a stabilizer layer overlying the superconductor layer, the
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stabilizer layer functioning to bypass electrical current in
case of failure of the superconductor layer.
14. The method of claim 1, wherein the superconductive
device is a superconductive tape.
15. The method of claim 1, wherein the superconductive
device is an electric power component incorporating a
superconductive tape comprising said substrate, said buffer
film, and said superconductor layer.
16. The method of claim 1, wherein the bias plate has a
plurality of apertures.
17. The method of claim 1, wherein monitoring is carried
out with multiple ion detectors.
18. The method of claim 17, wherein the multiple ion
detectors are arranged in an array.
19. The method of claim 1, wherein monitoring and
depositing are carried out non-simultaneously such that the
steps do not appreciably overlap each other in time.
20. A method of forming a superconductive device, com-
prising:
providing a substrate having a dimension ratio of not less
than about 107

translating the substrate through a deposition zone having
an area defined by a first direction and a second
direction perpendicular to the first direction;

depositing a buffer film to overlie the substrate by ion
beam assisted deposition along the deposition zone, the
ion beam assisted deposition utilizing an ion beam;

monitoring a spatial ion beam density from the ion beam
during depositing the buffer film by translating an at
least one ion detector over the area, wherein translating
the at least one ion detector is carried out by (i)
translating the at least one ion detector in the first
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direction and the second direction, or (ii) translating an
array of the ion detectors in the first direction, the at
least one ion detector having an acceptance angle of not
less than 10°, wherein the acceptance angle is the angle
of the trajectory path of incoming accepted ions relative
to the central axis of the ion detector, the ion detector
further having a collector for detecting ions from the
ion beam and a bias plate overlying the detector
through which the ions from the ion beam pass;
negatively charging the bias plate to screen electrons from
the collector;
controlling an ion to atom arrival ratio throughout the area
in response to monitoring the spatial ion beam density,
wherein the ion to atom arrival ratio represents the
number of ions from the ion beam arriving relative to
the number of atoms arriving to form the buffer film;
and
depositing a superconductor layer to overlie the buffer
film.
21. The method of claim 20, wherein the acceptance angle
is not less than about 20°.
22. The method of claim 21, wherein the acceptance angle
is not less than about 30°.
23. The method of claim 22, wherein the acceptance angle
is not less than about 35°.
24. The method of claim 23, wherein the acceptance angle
is not less than about 40°.

25. The method of claim 20, wherein the bias plate has a
plurality of apertures.



