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FIELD OF THE INVENTION

The present invention relates to the field of

superconducting articles having two distinct regions of

superconductive material with differing In-plane

orientations whereby the conductivity across the boundary

between the two regions can be tailored. This invention is

the result of a contract with the Department of Energy

(Contract No. W-7405-ENG-36).

BACKGROUND OF THE INVENTION

Layers of epitaxial cerium oxide have been found to be

excellent buffer or intermediate layers for high

temperature superconducting thin films as described by Wu

et al. in Appl. Phys. Lett. 58 (19), 2165 (1991). Other

related metal oxides have since been found to behave in a

similar fashion to the cerium oxide. An interesting result

of the use of these metal oxide buffer layers is that the

crystal structure of the metal oxide buffer layer can match

the crystal structure of the underlying substrate or can

have a crystal structure rotated by 45° from the basal

plane with respect to the crystal structure of the

underlying substrate depending upon the particular material

selected as the underlying material.

Others have taken advantage of this crystal structure

effect to form junction devices such as superconducting

quantum interference devices (SQUIDs) wherein such a device

includes a base substrate of strontium-titanium oxide, a

patterned interlayer of magnesium oxide upon the surface of



the substrate whereby an intermediate article with an

exposed surface of both the patterned interlayer of

magnesium oxide and the base substrate is formed, a coating

of cerium oxide as a buffer layer over the entire exposed

surface of the intermediate article, and, a ceramic

superconductive material layer as an overcoat upon the

buffer layer whereby the ceramic superconductive material

situated directly above the substrate without the

underlying patterned inerlayer has an in-plane orientation

of crystal structure different than the ceramic

superconductive material situated directly above the

patterned magnesium oxide interlayer. Unfortunately, when

cerium oxide is directly deposited upon magnesium oxide,

the result is a mixture of in-plane orientations thereby

diminishing the junction performance. Also, magnesium

oxide is very hygroscopic making manufacture more

difficult.

Accordingly, an object of this invention is to provide

a superconductive article such as a junction device having

both a first region and a second region, said first and

second regions each having an in-plane orientation of

crystal structure distinct from the other region, said

article eliminating the direct contact between magnesium

oxide and a cerium oxide buffer layer of the prior art.

SUMMARY OF THE INVENTION

To achieve the foregoing and other objects, and in

accordance with the purposes of the present invention, as

embodied and broadly described herein, the present

invention provides an article of manufacture comprising a

substrate, a patterned interlayer of a material selected

from the group consisting of magnesium oxide,

barium-zirconium oxide or barium-titanium oxide upon the

surface of the substrate thereby characterizable as an



intermediate article having exposed surfaces of both the

patterned interlayer and 5he substrate, the patterned

interlayer material Dvercoated with a secondary interlayer

material of yttrla-stabilized zirconla or

magnesium-aluminum oxide upon the surface of the patterned

interlayer thereby characterizable as a second intermediate

article with an exposed surface of both the overcoated

secondary interlayer material and the substrate, a coating

of a buffer layer selected from the group consisting of

cerium oxide, yttrium oxide, curium oxide, dysprosium

oxide, erbium oxide, europium oxide, iron oxide, gadolinium

oxide, holmium oxide, indium oxide, lanthanum oxide,

manganese oxide, lutetium oxide, neodymium oxide,

praseodymium oxide, plutonium oxide, samarium oxide,

terbium oxide, thallium oxide, thulium oxide, yttrium oxide

and ytterbium oxide over at least the entire exposed

surface of the secondary interlayer material, and, a

ceramic superconductive material layer as an overcoat upon

the buffer layer whereby the ceramic superconductive

material situated directly above the substrate without the

underlying patterned overlayer has an in-plane orientation

of crystal structure substantially different than the

ceramic superconductive material situated above the

overcoated patterned interlayer.

In another embodiment, the present invention provides

an article of manufacture comprising a substrate of

magnesium oxide, a patterned interlayer of

yttria-stabilized zirconia whereby an intermediate article

with an exposed surface of both the patterned interlayer

and the substrate is formed, and, a ceramic superconductive

material layer as an overcoat upon the intermediate article

whereby the ceramic superconductive material situated

directly above the magnesium oxide substrate without the



underlying patterned interlayer has an in-plane orientation

of crystal structure substantially different than the

ceramic superconductive material situated above the

patterned interlayer of yttria-stabilized zlrconia.

BRIEF DESCRIPT;0N OF THE DRAWINGS

FIGURE 1 is a graph of phi scan data from an x-ray pole

figure scan of a sample of cerium oxide upon magnesium

oxide similar to the prior art.

FIGURE 2 is a graph of phi scan data from an x-ray pole

figure scan of a sample of cerium oxide upon

yttrium-stabilized zirconia upon barium-zirconium oxide

upon strontium-titanium oxide upon lanthanum aluminum

oxide.

FIGURE 3 is a graph of phi scan data from an x-ray pole

figure scan of a sample of YBCO upon cerium oxide upon

yttrium-stabilized zirconia (YSZ) upon barium-zirconium

oxide upon strontium-titanium oxide upon lanthanum aluminum

oxide.

FIGURE 4 is a jraph of phi scan data from an x-ray pole

figure scan of a sample of ¥BCO upon ¥SZ upon magnesium

" oxide.

FIGURE 5 is a graph of phi scan data from an x-ray pole

figure scan of a partially masked sample of ¥BCO upon ¥SZ

upon magnesium oxide.

DETAILED DESCRIPTION

The present invention concerns an article of

manufacture, e.g., a junction device, wherein different

regions of a high temperature ceramic superconductive

material layer have substantially different in-plane

orientation of crystal structure whereby the conducting

properties of the superconductive material are selectively

controllable within the different regions. The present

invention can overcome limitations of the prior art



structure by either using a layer of barium-titanium oxide

or barium-zirconium oxide in place of the previous

magnesium oxide layer and/or by using an interlayer between

the cerium oxide or cerium oxide-type layer and either the

magnesium oxide, the barium-titanium oxide, or the

barium-zirconium oxide.

In one embodiment of the invention, a base substrate

of, e.g., strontium-titanium oxide can be coated with a

patterned layer of an interlayer material, e.g., magnesium

oxide, barium-zirconium oxide, or barium-titanium oxide,

thereby forming an intermediate article having exposed

surfaces of both the strontium-titanium oxide and the

magnesium oxide, the barium-zirconium oxide, or the

barium-titanium oxide. Upon the patterned interlayer, a

secondary interlayer material of yttria-stabilized zirconia

or magnesium-aluminum oxide is then coated forming a second

intermediate article having exposed surfaces of both the

strontium-titanium oxide and the yttria-stabilized zirconia

or magnesium-aluminum oxide. Onto this second intermediate

article, a layer of buffer material, e.g., cerium oxide,

can be coated. Finally, a layer of a superconductive

material, e.g., yttrium-barium-copper oxide

(YBa2CU3OT_x) can be deposited. The result of the

deposition of the superconductive material upon the

buffer-layer coated second intermediate article is that the

superconductive material overcoating the patterned

interlayer material has an in-plane orientation of crystal

structure substantially different than the superconductive

material overcoating the substrate regions uncoated with

the interlayer material.

By "substantially different" is meant that the crystal

structures of the two regions of superconductive material

have crystal alignments at essentially 45 ° to one



another. As current flow in such superconductive materials

follows the aligned crystal structure, current capacity

would be limited across the boundary between the differing

two regions of the superconductive material. Accordlngly,

this patterned article of manufacture can be used in

applications such as junction devices such as, e.g.,

SQUIDs.

Materials suitable as the base substrate, i.e., the

underlying substrate material, can include

strontium-titanium oxide (SrTi03), yttria-stabilized

zirconia (YSZ), lanthanum aluminum oxide (LaAIO3) ,

aluminum oxide (sapphire, either R-cut or M-cut), quartz,

calcium-titanium oxide (CaTiO3), and magnesium oxide

(MgO).

Among the suitable superconductive materials are those

superconductive materials having a critlcal transition

temperature (Tc) of greater than about 20 ° Kelvin (K).

Among the materials with such a T c are included, e.g.,

yttrium-barium-copper oxide (YBa2Cu307_x) ,

bismuth-strontium-calcium-copper oxide,

thallium-barium-calcium-copper oxide,

neodymium-cerium-copper oxide and bismuth-potassium-barium

oxide (BKBO).

The materials used as the buffer layer are both

structurally and chemically compatibility with an overcoat

layer of a ceramic high temperature superconductive

material. By "chemical compatibility" is meant that the

buffer layer does not undergo property-degrading chemical

interactions with the superconductive material. By

"structural compatibility" is meant that the buffer layer

has a substantially similar lattice structure with the

superconductive material. Among the sultable buffer layer

materials are included cerium oxide (CeO2) , curium oxide



(Cm203), dysprosium oxide (DY203), erbium oxide

(Er203), europium oxide (Eu203), iron oxide

(beta-Fe203) , gadolinium oxide (Gd203), holmium

oxide (Ho203), indium oxide (In203) , lanthanum

oxide (La203) , manganese oxide (beta-Mn203},

lutetium oxide (Lu203) , neodymium oxide (Nd203},

praseodymium oxide (Pr203), plutonium oxide

(Pu203), samarium oxide (Sm203), terbium oxide

(Tb203) , thallium oxide (T1203), thulium oxide

(Tm203) , yttrium oxide (Y203), and ytterbium oxide

(Yb203). The preferred buffer layer materials include

cerium oxide, gadolinium oxide, praseodymium oxide and

dysprosium oxide.

The buffer layer can be deposited upon the intermediate

article having an exposed surface of both the patterned

interlayer and the substrate by, e.g., pulsed laser

deposition or by methods such as evaporation including

coevaporation, e-beam evaporation and activated reactive

evaporation, sputtering including magnetron sputtering, ion

beam sputtering or ion assisted sputtering, cathodic arc

deposition, chemical vapor deposition (CVD), plasma

enhanced chemical vapor deposition (PECVD), organometallic

chemical vapor deposition (OMCVD), molecular beam epitaxy

(MBE), a sol-gel process, and liquid phase epitaxy.

In a pulsed laser deposition, powder of the desired

buffer material, e.g., cerium oxide, can be initially

pressed into a disk or pellet under high pressure,

generally above about 1000 pounds per square inch (PSI) and

the pressed disk then sintered in an oxygen atmosphere at

temperatures above 1000°C for at least about 1 hour,

preferably from about 12 to about 24 hours. An apparatus

suitable for the pulsed laser deposition is shown in Appl.

Phys. Lett. 56, 578 (1990}, "Effects of beam parameters on



excimer laser deposition of YBa2CU3OT_x" , such

description hereby incorporated by reference.

Suitable conditions for the pulsed laser deposition

include, e.g., the laser, such as an excimer laser

(20 nanoseconds (ns), 308 nanometers (run)}, targeted upon a

rotating pellet of the buffer material at an incident angle

of about 45 ° . The target substrate can be mounted upon a

heated holder rotated at about 0.5 rpm to minimize

thickness variations in the resultant film. The substrate

can be heated during the deposition at temperatures from

about 600°C to about 950°C, preferably from about

700°C to about 850°C. An oxygen atmosphere of about

0.1 millitorr (mTorr) to about 10 Torr, preferably from

about 100 to about 250 mTorr, can be maintained within the

deposition chamber during the deposition. Distance between

the substrate holder and the pellet can be from about

4 centimeters (cm) to about I0 cm. In the case of sapphire

as a substrate, the buffer layers may be deposited at

oxygen pressures of about 350 mTorr and temperatures of

about 900°C to promote the formation of (100) oriented

buffer layers.

The rate of the deposited film can be varied from about

0.1 angstrom per second (A/s) to about 200 A/s by changing

the laser repetition rate from about 1 hertz (Hz) to about

200 Hz. As laser beam divergence is a function of the

repetition rate, the beam profile is monitored after any

change of repetition rate and the lens focal distance

adjusted to maintain a constant laser energy density upon

the target pellet. Generally, the laser beam can have

dimensions of about 3 millimeters (mm) by 4 mm with an

average energy density of about 1 to 2 joules per square

centimeter (J/cm2). After deposition, the films



generally _re cooled to 200°C within an oxygen atmosphere

of greater than about 100 Torr over about 15 to about

30 minutes.

In another embodiment, the present invention provides

an article of manufacture comprising a substrate of

magnesium oxide, a patterned interlayer of

yttria-stabilized zirconia whereby an intermediate article

with an exposed surface of both the patterned Interlayer

and the substrate is formed, and, a ceramic superconductive

material layer as an overcoat upon the intermediate article

whereby the ceramic superconductive material situated

directly above the magnesium oxide substrate without the

underlying patterned interlayer has an in-plane orientation

of crystal structure substantlally different than the

ceramic superconductive material situated above the

patterned interlayer of yttria-stabilized zirconla.

The present invention is more particularly described in

the following examples which are intended as illustrative

only, since numerous modifications and variations will be

apparent to those skilled in the art.

The coatings of the intermediate layers and the

superconductive material were characterized by x-ray

diffraction, x-ray pole figure scan, Rutherford

backscattering spectroscopy (RBS), and channeling using a

goniometer with three axial rotations and two

translations. The superconducting properties were measured

by an inductive method and a direct transport method.

EXAMPLE A

An article corresponding to the prior art was prepared

by depositing cerium oxide upon a magnesium oxide substrate

by pulsed laser deposition. The resultant article was

analyzed by x-ray pole figure scan and the results are
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shown in Figure 1. These results indicated that a mixture

of in-plane rotations were present within the cerium oxide

layer upon the magnesium oxide.

_AMpLE

An article was prepared by depositing a layer of

strontium-titanium oxide upon a lanthanum-aluminum oxide

base substrate to form an initial substrate. A layer of

barlum-zirconium oxide was first applied upon the

strontium-titanium oxide, then a layer of yttria-stabilized i

zirconia was applied upon the barium-zirconium oxide, and

finally a layer of cerium oxide was applied upon the

yttria-stabilized zirconia. Each application was by pulsed

laser deposition under conditions as described previously.

The resultant article was analyzed by x-ray pole figure

scan and the results are shown in Figure 2. These results

indicated that a single in-plane rotation was present

within the cerium oxide layer in contrast to the prior art.

EXAMPLE 2

An article was prepared as in example 1 and then a

layer of YBCO superconductive material was applied upon the

cerium oxide layer by pulsed laser deposition. The

resultant article was analyzed by x-ray pole figure scan

and the results are shown in Figure 3. These results

indicated that a single in-plane rotation was present

within the YBCO layer and that the orientation of the ¥BCO

was rotated approximately 45 ° with respect to the

underlying layers such as lanthanum-aluminum oxide.

EXAMPLE 3

An article was prepared by depositing a patterned layer

of yttria-stabilized zlrconia upon a magnesium oxide
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substrate. Each application was by pulsed laser deposition

under conditions as described previously. Then, a layer of

¥BCO superconductive material was applled upon the exposed

YSZ and magnesium oxide by pulsed laser deposition. The

resultant artlcle was analyzed by x-ray pole figure scan

and the results are shown in Figure 4. These results show

broader peaks for the YBCO upon the YSZ and narrow peaks

for the YBCO upon the magnesium oxide. These results show

that a 45 ° rotation is present for the YBCO on YSZ with

respect to the ¥BCO on MgO.

EXAMPLE 4

An article was prepared as in example 3 except that a metal

mask was placed over the ¥SZ layer. The resultant article

was analyzed by x-ray pole figure scan and the results are

shown in Figure 5. These results for the half sample

partially masked with the metal and for a whole sample from

example 3 show that rotation is occuring over the YSZ layer

as expected from previous data.

Although the present invention has been described with

reference to specific details, it is not intended that such

details should be regarded as limitations upon the scope of

the invention, except as and to the extent that they are

included in the accompanying claims.
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ABSTRACT

An article of manufacture including a substrate, a

patterned interlayer of a material selected from the group

consisting of magnesium oxide, barium-titanium oxide or

barium-zirconium oxide, the patterned interlayer material

overcoated with a secondary interlayer material of

yttrla-stabilized zirconia or magnesium-alumlnum oxide,

upon the surface of the substrate whereby an intermediate

article with an exposed surface of both the overcoated

patterned Interlayer and the substrate is formed, a coating

of a buffer layer selected from the group consisting of

cerium oxide, yttrium oxide, curium oxide, dysprosium

oxide, erbium oxide, europium oxide, iron oxide, gadolinium

oxide, holmium oxide, indium oxide, lanthanum oxide,

manganese oxide, lutetium oxide, neodymium oxide,

praseodymium oxide, plutonium oxide, samarium oxide,

terbium oxide, thallium oxide, thulium oxide, yttrium oxide

and ytterbium oxide over the entire exposed surface of the

intermediate article, and, a ceramic superconductive

material layer as an overcoat upon the buffer layer whereby

the ceramic superconductive material situated dlrectly

above the substrate has a crystal structure substantially

different than the ceramic superconductive materlal

situated above the overcoated patterned interlayer.
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