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(7) ABSTRACT

A bulk superconductor having a thickness of not less than
about 100 microns is carried by a polycrystalline textured
substrate having misorientation angles at the surface thereof
not greater than about 15°; the bulk superconductor may
have a thickness of not less than about 100 microns and a
surface area of not less than about 50 cm?. The textured
substrate may have a thickness not less than about 10
microns and misorientation angles at the surface thereof not
greater than about 15°. Also disclosed is a process of
manufacturing the bulk superconductor and the polycrystal-
line biaxially textured substrate material.
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LARGE AREA BULK SUPERCONDUCTORS

CONTRACTUAL ORIGIN OF THE INVENTION

The United States Government has rights in this invention
pursuant to Contract No. W-31-109-ENG-38 between the
U.S. Department of Energy (DOE) and The University of
Chicago representing Argonne National Laboratory.

FIELD OF THE INVENTION

The present invention relates to a method of producing
superconductors with greater thicknesses or bulk compared
to thin film superconductors and more particularly to
textured, large-area bulk superconductors identified as high
temperature superconductors. The invention also relates to
the superconductor components or products.

BACKGROUND OF THE INVENTION

Bulk superconductors have increased current carrying
capacities and are useful in certain product areas where thin
film superconductors lack the required performance. The
method employed to produce the bulk superconductors is
preferably carried out by producing a biaxially textured
sheet of a metal or oxide and using this sheet as a large scale
seed in combination with superconductor material in a melt
process where the melted superconductor material becomes
textured as it solidifies by cooling from the region next to the
seed through the thickness or bulk.

U.S. Pat. No. 5,869,431 discloses suitable materials for
seeds and for superconductors. In addition to methods
disclosed in the 431 patent, some processes in the past have
used several individual seeds (spaced apart) with supercon-
ductor materials in an attempt to obtain growth of large area
bulk material with appropriate texturing. However, unifor-
mity of texturing and melting of the small seeds have been
problems.

In this invention, a biaxially textured sheet of oxide or
metal is used as a one-piece seed of a size generally that of
the desired superconductor component and placed in contact
with superconducting material. The superconducting mate-
rial is melted and then solidified by cooling with solidifica-
tion starting from a region adjacent to the seed. By this
technique, texturing is extended through the bulk of the
superconductor with uniformity.

Two techniques for producing the biaxially textured sheet
or oxide may be carried out. With a metal such as nickel, the
sheet could be rolled and annealed similar to the treatment
described for the nickel wire in U.S. patent application Ser.
No. 09/568,890 filed May 11, 2000, the disclosure of which
is incorporated by reference. Although the metal sheet may
have the desired texturing, it may be necessary to add a
buffer layer such as an oxide like those disclosed in the *431
patent or other oxides such as MgO to preserve the texturing
during the subsequent melt stage. Another process is to form
a textured surface of a metal oxide such as MgO by using an
inclined substrate deposition (ISD). The ISD or inclined
substrate deposition method is disclosed in copending U.S.
patent application entitled Method for Preparing High Tem-
perature Superconductor, serial no. 09/621,272 filed on even
date herewith by Uthamalingam Balachandran and Michael
P. Chudzik, the disclosure of which is incorporated herein in
its entirety.

OBJECTS OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a bulk superconductor having a thickness of not less
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than about 100 microns carried by a polycrystalline textured
substrate having misorientation angles at the surface thereof
not greater than about 15°.

Another object of the invention is to provide a bulk
superconductor having a thickness of not less than about 100
microns and a surface area of not less than about 50 cm?®
carried by a polycrystalline textured layer or sheet having a
thickness not less than about 10 microns and misorientation
angles at the surface thereof not greater than about 15°.

Still another object of the invention is to provide a process
of manufacturing a bulk superconductor having a thickness
not less than about 100 microns, comprising providing a
polycrystalline biaxially textured layer or sheet material
having a thickness not less than about 10 microns and
misorientation angles at the surface thereof not greater than
about 15°, and providing a superconductor precursor powder
in contact with the polycrystalline biaxially textured sub-
strate material and melting the precursor powders and there-
after cooling the melted powders to grow superconductor
material using substantially the entire polycrystalline tex-
tured substrate material as a seed to provide a superconduc-
tor having a thickness not less than about 100 microns
carried by a polycrystalline biaxially textured substrate
material.

A final object of the invention is to provide a supercon-
ductor having a thickness not less than 100 microns pro-
duced by the inventive methods.

SUMMARY OF THE INVENTION

The invention consists of certain novel features and a
combination of parts hereinafter fully described, illustrated
in the accompanying drawings, and particularly pointed out
in the appended claims, it being understood that various
changes in the details may be made without departing from
the spirit, or sacrificing any of the advantages of the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

For the purpose of facilitating an understanding of the
invention, there is illustrated in the accompanying drawings
a preferred embodiment thereof, from an inspection of
which, when considered in connection with the following
description, the invention, its construction and operation,
and many of its advantages should be readily understood and
appreciated.

FIG. 1 is a schematic representation of a suitable poly-
crystalline material;

FIG. 2 is a schematic representation of a superconductor
material carried by a polycrystalline material;

FIG. 3 is a schematic representation of a superconductor
material carried by a multilayered polycrystalline material;

FIG. 4 is a schematic representation of shaped supercon-
ductors; and

FIG. 5 is a schematic representation of the inclined
substrate method of depositing suitable polycrystalline
material.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Most of the effort in making high temperature YBCO
superconductors has been concentrated in making wire.
Large area superconductors are now being made by joining
several smaller ones or by a very labor intensive process to
place a large number of seed crystals on a substrate. This
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invention provides a simple and inexpensive method of
making thick and large bulk superconductors. Although
YBCO superconductors are used by way of illustration in
this application, it is done for purposes of illustration and not
for purposes of limitation. Any superconductor material,
whether it is a yttria based system, a bismuth based system
or a thallium based system or other rare earth element based
system may be producible by the method of the present
invention and should result in the articles as disclosed by the
subject invention. Yttria based systems have been produced.

The principal feature of the invention is the discovery that
biaxially textured sheets or layers having substantial
thickness, not less than about 10 microns and preferably not
less than about 25 microns, can be used as suitable seeds for
growing superconductors having a thickness not less than
about 100 microns. Bulk superconductors having thick-
nesses of 1000 microns or 1 cm can be made with the present
invention. Moreover, the sheet or layer material can be any
polycrystalline textured material capable of acting as a seed
for superconductor growth and can withstand temperatures,
at which the superconductor crystals grow and which have
misorientation angles at the surface thereof, before melting
and cooling of the superconductor precursor powders, not
greater than about 15° see the Veal 431 patent, for suitable
oxide materials. Preferably, the initial misorientation angles
of the textured layer or sheet at the surface thereof are not
greater than about 10°.

Although magnesium oxide is illustrated by way of
example in this application, the invention is not limited to
magnesium oxide as a great many oxide materials are
suitable for the inventive process and resultant articles. For
instance, those materials set forth in the Veal et al. U.S. Pat.
No. 5,869,431 issued Feb. 9, 1999, the entire disclosure
which is herein incorporated by reference, are suitable
polycrystalline layer or sheet materials for the present inven-
tion. For instance, acceptable substrates can be made from
one or more of MgO, SrTiO;, LaAlO,, cubic stabilized
ZrO,, PbTiO,, Sr,Ru0O,, NdGaO,;, LaCrO;, NdCrO,,
LaFeO,, NdFeO,, La,CuO,, RTiO;, where R is La or a rare
earth, GdFeO;.

Although the preferred method of producing a polycrys-
talline textured layer disclosed herein is by the inclined
substrate deposition method, hereinafter disclosed, any eco-
nomical method of producing a thick polycrystalline texture
layer having misorientation angles at the surface thereof not
greater than about 15° is covered and included in the
invention. For instance, biaxially textured sheets have been
made by the Ion Beam Assisted Deposition (IBAD) method
first disclosed by workers at the Los Alamos National
Laboratory. Such textured sheet materials have also been
made by the rolling-assisted biaxial textured process
(RABITS method) disclosed by workers at Oakridge and
Argonne National Laboratories. Although these methods
may be used to produce thick polycrystalline textured sheets
or layers wherein the thickness is greater than about 10
microns and preferably greater than 25 microns, the pre-
ferred method is the hereinafter described inclined substrate
deposition process.

Moreover, the term “having misorientation angles at the
surface thereof” is used to designate the measurement of
misorientation angles in the polycrystalline textured seed
material (layers or sheets) prior to the production of super-
conducting materials thereon. The reason for this is that
superconductor materials are produced by melting a mixture
of precursor oxide or carbonate powders of the supercon-
ductor material on a surface of the seed material and
thereafter a superconductor crystal is produced as grown
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during the cooling of the material in contact with the seed
material. Small seed crystals a traditionally have been used
to produce superconducting materials such as those
described in the Todt U.S. Pat. No. 5,776,864, the disclosure
of which is incorporated herein by reference. However,
during formation of the superconductor material from the
precursor powders, at least the top surface of the polycrys-
talline textured seed material will soften or even melt
dissolve or melt and as the superconductor material cools
and forms, it is impossible, at the present time, to then
measure the misorientation angles at the surface of the
polycrystalline textured materials. Accordingly, when used
herein, misorientation angles at the surface of the textured
material refer to the condition of the textured material prior
to melting of the precursor powders of the superconductor.
Although polycrystalline textured materials having misori-
entation angles at the surface thereof not greater than about
15° are suitable for the practice of the invention, it is
preferred that the misorientation angles at the surface of the
polycrystalline textured materials be not greater than about
10°.

Moreover, because some of the polycrystalline textured
substrate material may be lost during the formation of the
superconductor material, it is necessary that the polycrys-
talline textured material has a thickness, prior to the forma-
tion of the superconductor material, of not less than about 10
microns and preferably not less than about 25 microns.

Referring now to FIG. 1, there is disclosed a representa-
tion of a biaxially textured sheet or layer material which has
small misalignment between adjacent grains or crystals. As
hereinbefore stated, the misorientation angles at the surface
of the polycrystalline textured material is not greater than
about 15° and preferably not greater than about 10°. As
illustrated in a number of patents based on work done at
Oakridge National Laboratory, a representative sample of
which is U.S. Pat. No. 5,968,877 to Budai et al. biaxially
textured metal substrates may be produced by the methods
disclosed therein. Those methods are in general what has
been previously referred to here as the RABIiTS method.
However, at the present time, there is no known metal,
including alloys, which are available that can withstand the
temperatures required to grow superconductor materials
using a melt process. Therefore, the invention, at the present
time, must be practiced by having a polycrystalline textured
substrate which is capable of withstanding the temperatures
necessary to melt precursor superconductor powders. Sub-
strates of textured metals having one or more protective
ceramic layers are acceptable, as are textured ceramics.
Oxides are the preferred ceramic material, although the
invention is not so limited.

In FIG. 1, the polycrystalline substrate sheet material,
behaves, insofar as superconductor growth is concerned, like
a single crystal. The difference is that the polycrystalline
sheet materials of the present invention may be made of any
material which has the required low misorientation angles
and which has the physical characteristics previously set
forth. The materials can be rather inexpensive such as
magnesium oxide and their use in the thicknesses set forth
herein is novel as seed materials to grow thick supercon-
ductor materials. Particularly, it is novel to grow supercon-
ductors having thicknesses greater than 100 microns, or
1000 microns or 1 em from large polycrystalline textured
materials, particularly where the superconductor produced
has a surface area not less than about 50 cm? or surface areas
not less than about 100 cm?. It is particularly new to produce
these thick superconductors from inexpensive thick poly-
crystalline textured materials or layers, wherein the textured
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material or layers is not less than about 25 microns thick and
has misorientation angles at the surface thereof not greater
than about 10°.

Referring now to the FIG. 2 of the invention, there is
disclosed a combination of a biaxially textured material and
a thick superconductor. The combination of thick polycrys-
talline textured material of the type set forth and thick bulk
superconductors is novel, since previous work in the art has
been directed to thin film superconducting materials. It is
contemplated that the invention includes not only a thick
layer of bulk superconductor material (not less than about
100 microns) carried by a textured polycrystalline oxide or
other suitable biaxially textured material (not less than about
10 microns in thickness) but a combination of a textured
metal layered with a polycrystalline ceramic. Moreover, the
polycrystalline substrate may be a plurality of layers of
oxide material such as MgO with a layer of SrTiO; or other
oxide on top of the MgO followed by deposited supercon-
ductor layer. All these constructions are contemplated by the
invention.

Referring now to FIG. 5, there is disclosed a representa-
tion of the inclined substrate deposition method in which an
E-beam evaporator is used to deposit the polycrystalline
vapor on a substrate at predetermined angle to the electron
beam evaporator through a collimator. The angles between
the electron beam evaporator and the inclined substrate or
more specifically the angles of the substrate to the vapor flux
produced by the electron beam evaporator may range from
40° to about 60°, preferably about 60° and in use has
produced deposition rates of 50 A per second as opposed to
the 1.6 A per second deposition rate of the IBAD system.
The ability to deposit materials so quickly using the new
inclined substrate deposition system wherein a continuous
metal tape is passed through the electron beam evaporator
using a collimator as shown in FIG. 3 to produce a continu-
ous length of thick polycrystalline textured oxide material
on a metal tape enables the production of bulk supercon-
ductors in which lengths in excess of 1 meter can be
produced in relatively short time, enabling bulk supercon-
ductors to be made much more inexpensively than previ-
ously thought. The use of the collimator shown in FIG. 4 has
enhanced the materials produced by the inclined substrate
method by limiting the angles at which vaporized molecules
can contact the substrate. Materials having satisfactory
textures, that is misorientation angles not greater than about
15° and preferably not greater than about 10° can be
manufactured rapidly and inexpensively utilizing the new
inclined substrate deposition method.

The principal reasons for the success of the present
invention is the discovery that biaxially textured layers or
sheet materials which are relatively large and thick can be
used to grow superconductor materials with low misorien-
tation angles as opposed to the single crystal materials
previously used in the prior art such as that described by Veal
et al. in the aforementioned *431 patent. Moreover, although
biaxially textured materials have been used previously, they
have never been used in the thicknesses disclosed herein as
seed materials for the production of superconductors using
a melt process. It is also contemplated that the article
illustrated in FIG. 2 can be further altered by cutting away
the polycrystalline substrate material leaving only the super-
conductor material in the same general form as the poly-
crystalline textured substrate material used to grow the
superconductor. This permits bulk superconductors to be
manufactured having substantial lengths and areas and sub-
stantial thicknesses in far less time and more economically
than previously thought.
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Moreover, as illustrated in FIG. 4, the superconductor
produced by the method of the invention can be of various
shapes. For instance, arcuate or curved shapes can be made
as illustrated in FIG. 4 or flat sheets as illustrated in FIG. 2.

While there has been disclosed what is considered to be
the preferred embodiment of the present invention, it is
understood that various changes in the details may be made
without departing from the spirit, or sacrificing any of the
advantages of the present invention.

The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows:

1. A bulk superconductor having a thickness of not less
than about 100 microns carried by a polycrystalline textured
material having misorientation angles at the surface thereof
not greater than about 15°.

2. The bulk superconductor of claim 1, wherein the
superconductor thickness is not less than about 1000
microns.

3. The bulk superconductor of claim 1, wherein the
superconductor thickness is not less than about 1 cm.

4. The bulk superconductor of claim 1, wherein
polycrystalline textured material is a sheet or layer.

5. The bulk superconductor of claim 1, wherein
superconductor has a flat surface.

6. The bulk superconductor of claim 1, wherein
superconductor has an arcuate surface.

7. The bulk superconductor of claim 1, wherein
substrate is multiple layers of polycrystalline material.

8. The bulk superconductor of claim 1, wherein
polycrystalline textured substrate includes an oxide.

9. The bulk superconductor of claim 8, wherein the
polycrystalline textured substrate includes a face centered
cubic oxide material.

10. The bulk superconductor of claim 9, wherein the face
centered cubic oxide material is one or more of MgO,
SrTiO;, LaAlOj,, cubic stabilized ZrO,, PbTiO,, Sr,Ru0,,
NdGaO,, LaCrO;, NdCrO;, LaFeO5;, NdFeO;, La,CuO,,
RTiO;, where R is La or a rare earth, GdFeO,.

11. The bulk superconductor of claim 9, wherein the
polycrystalline textured substrate has a thickness of not less
than about 25 microns and misorientation angles at the
surface thereof not greater than about 10°.

12. The bulk superconductor of claim 10, wherein the
superconductor includes one or more of Y based or Bi base
or T1 based superconductor.

13. A bulk superconductor having a thickness of not less
than about 100 microns and a surface area of not less than
about 50 cm? carried by a polycrystalline textured material
having a thickness not less than about 10 microns and
misorientation angles at the surface thereof not greater than
about 15°.

14. The bulk superconductor of claim 13, wherein super-
conductor thickness is not less than about 1000 microns.

15. The bulk superconductor of claim 14, wherein the
superconductor has an arcuate surface.

16. The bulk superconductor of claim 13, wherein the
surface area is not less than about 100 cm?.

17. The bulk superconductor of claim 13, wherein the
superconductor has a surface area not less than about 100
cm” and the substrate includes one or more layers of
polycrystalline textured oxide having a thickness not less
than about 25 microns and misorientation angles at the
surface thereof of not greater than about 10°.

18. The bulk superconductor of claim 17, wherein the
polycrystalline textured material includes a plurality of
oxide layers.

19. A process of manufacturing a bulk superconductor
having a thickness not less than about 100 microns, com-
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prising providing a polycrystalline biaxially textured mate-
rial having a thickness not less than about 10 microns and
misorientation angles at the surface thereof not greater than
about 15°, and providing a superconductor precursor powder
in contact with the polycrystalline biaxially textured mate-
rial and melting the precursor powders and thereafter cool-
ing the melted powders to grow superconductor material
using substantially the entire polycrystalline textured mate-
rial as a seed to provide a superconductor having a thickness
not less than about 100 microns carried by a polycrystalline
biaxially textured substrate material.

20. The process of claim 19, and further including remov-
ing the substrate material leaving a superconductor having a
thickness not less than about 100 microns.
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21. The process of claim 19, wherein the thickness of the
superconductor is not less than about 1000 microns.

22. The process of claim 21, wherein the thickness of the
superconductor is not less than about 1 cm.

23. The process of claim 19, wherein the polycrystalline
textured material includes one or more of an oxide layer.

24. The process of claim 19, wherein the superconductor
is selected from one or more of a Y-based superconductor, a
Bi-based superconductor and a Tl-based superconductor and
a rare-carth-element based superconductor.



