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FIELD OF THE INVENTION

The present invention relates to the field of

superconducting thin films and more particularly to

intermediate layers or buffer layers employed, e.g., in

separating a superconducting thin film from a substrate.

This invention is the result of a contract with the

Department of Energy (Contract No. W-74OS-ENG-36).

_ACKGROUND OF THE INVENTION

Epitaxial superconducting thin films are sometimes

desirable. The best epitaxial high-temperature

superconducting thin films are obtained on only a few

substrates such as SrTiO3, LaA103, MgO, and

yttria-stabilized zlrconia (YSZ). Although such

superconducting films have excellent superconductive

properties, none of those substrates are ideal for use in

applications of, e.g., microwave devices, because of a high

loss tangent and a high dielectric constant with LaAIO 3

and a poor lattice match for MgO and YSZ.

One approach to this problem has been to use a buffer

or intermediate layer between the bulk substrate and the

superconducting film. On substrates such as silica and

sapphire, such buffer layers have been found necessary to

prevent chemlcal reactions between the superconductor and

the substrate. Among the buffer layers that have been

previously tried are PrBa2CU3OT_x, SrTiO3,

LaAI03, MgO, YSZ, and Y203. Problems with most

previous intermediate layers have included their

multl-elemental composition thereby resulting in
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composition control during deposition, and a poor lattice

match with either the substrate or the superconducting

material. While MgO is a simpler intermediate layer, it

also suffers from a large lattice mismatch with the

superconductive films.

Accordingly, it is an object of this invention to

provide an intermediate layer for superconductor-coated

substrates, such an intermediate layer having chemical and

structural compatlbility to superconductors such as ¥BCO.

It is a further object of this invention to provide an

intermediate layer-coated substrate that can then be coated

with a superconductive film of, e.g., ¥BCO, such a

substrate having chemical or structural compatlbility to

the superconductor.

Still another object of the invention is to provide a

method of insulating between adjacent superconductive

junctions by placing an intermediate layer of a

intermediate layer such as CeO 2 between the adjacent

superconductive junctions.

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 a ceramic superconductor comprising a

metal oxide substrate, a ceramic high temperature

superconductive material, and an intermediate layer

selected from the group consisting of cerium oxide, curium

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, and ytterbium

oxide, preferably from the group of cerium oxide,



gadolinium oxide, erbium oxide, europium oxide and

praseodymium oxide, situated between said substrate and

said superconductive material.

In another embodiment of the present invention, a

ceramic superconductor is provided comprising a substrate,

a ceramic high temperature superconductive material, and an

intermediate layer selected from the group consisting of

curium 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, and ytterbium

oxide, preferably an intermediate layer selected from the

group consisting of gadolinium oxide, erbium oxide,

europium oxide and praseodymium oxide, situated between

said substrate and said superconductive material.

In another embodiment of the present invention, a

structure for supporting a ceramic superconducting materlal

is provided, said structure comprising a metal oxide

substrate, and a layer of materlal selected from the group

consisting of cerium oxide, curium 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, and ytterbium oxide, preferably

cerium oxide, gadolinium oxide, erbium oxide, europium

oxide and praseodymium oxide situated over the surface of

said substrate to substantially inhibit interdiffusion

between said substrate and a subsequent ceramic

superconducting material deposited upon said structure.
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Another embodiment of the present invention provides a

structure for supporting a ceramic superconducting

material, said structure comprising a substrate, and a

layer of material selected from the group consisting of

curium 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, and ytterbium

oxide, preferably an intermediate layer selected from the

group consisting of gadolinium oxide, erbium oxide,

europium oxide and praseodymium oxide, situated over the

surface of said substrate to substantially inhibit

interdiffusion between said substrate and a subsequent

ceramic superconducting material deposited upon said

structure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE l(a) is a graph of an ion beam RBS scan of a

sample of cerium oxide upon sapphire.

FIGURE l(b) is a graph of an x-ray diffraction pattern

from a sample of cerium oxide upon sapphire.

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

figure scan of a sample of YBCO upon cerium oxide.

FIGURE 3 is a graph of critical current versus magnetic

fleld for a sample of YBCO upon cerium oxide upon

lanthanum-aluminum oxide.

FIGURE 4 is a graph of an x-ray diffraction pattern

from a sample of gadolinium oxide upon sapphire.

FIGURE 5 is a graph of an x-ray diffraction pattern

from a sample of praseodymium oxide upon sapphire.

FIGURE 6 is a graph of phi scan data from an x-ray pole

figure scan of a sample of praseodymium oxide upon

sapphire.



DETAILED DESCRIPTION

The present invention concerns intermediate or buffer

layers used in high temperature ceramic superconductors,

particularly in the fabrication of substrate-supported thin

film epitaxial high temperature superconductors, such as

yttrium-barium-copper oxide (¥BCO) and in the preparation

of a structure for supporting a ceramic superconducting

material, e.g., a substrate incompatible with a high

temperature ceramic superconductor, such a substrate having

a coating of the intermediate layer whereby the composite

substrate is compatible with a high temperature ceramic

superconductor. Such intermediate layers can generally

include metal oxide materials having both structural and

chemical compatibility with an underlying substrate and a

overcoat layer of a ceramic high temperature

superconductive material.

By "chemical compatibility" is meant that the

intermediate layer does not undergo property-degrading

chemical interactions with the substrate or the

superconductive material. By "structural compatibillty" is

meant that the intermediate layer has a substantially

similar lattice structure with the superconductive

material.

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

underlying substrate material, can include metal oxide

materials such as strontium-titanium oxide (SrTiO3) ,

yttria-stabilized zirconia (¥SZ), lanthanum aluminum oxide

(LaA103) , aluminum oxide (sapphire, either R-cut or

M-cut), quartz, calcium-titanium oxide (CaTiO3) , and

magnesium oxide (MgO). The metal oxide serving as the base

substrate may also be a typical high temperature ceramic

superconductive material such as ¥BCO and the like.



Among the suitable materials for the intermediate

layers may generally be included those materlals with a

cubic crystal structure, e.g., cerium oxide (CeO2),

curium oxide (Cm203}, 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), and ytterbium

oxide (Yb203). The preferred intermediate layer

materials include cerium oxide, erbium oxide, europium

oxide, gadolinium oxide, and praseodymium oxide. The most

preferred intermediate layer material is cerium oxide.

The intermediate layer can be deposited upon the

substrate, e.g., by 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 and ion

assisted sputtering, cathodic arc deposition, chemical

vapor deposition (CVD), organometalllc chemical vapor

deposition (OMCVD), plasma enhanced chemical vapor

deposition (PECVD), molecular beam epitaxy (MBE}, a sol-gel

process, and liquid phase epitaxy. In some instances, one

or more layers of other materials may be inserted between

the intermediate layer and the substrate and the

intermediate layer would then be deposited upon the other

material.

In a pulsed laser deposition process, powder of the

desired interTnediate materlal, e.g., cerium oxlde, 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 slntered in an oxygen

atmosphere or an oxygen-containlng atmosphere at

temperatures above about 1000°C for at least about 1

hour, preferably from about 12 to about 24 hours. An

apparatus sultable for the pulsed laser deposition is shown

in Appl. Phys. Lett. 56, 578 (1990}, "Effects of beam

parameters on excimer laser deposition of

¥Ba2Cu307_x" , such description hereby incorporated by

reference.

Suitable conditions for pulsed laser deposition

include, e.g., the laser, such as an excimer laser (20

nanoseconds (ns), 308 nanometers (nm)), targeted upon a

rotating pellet of the intermediate materlal 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 from

about 0.1 millitorr (reTort) to about 10 Tort, 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 10 cm. In the case of

sapphire as a substrate, the intermediate layers may be

deposited at oxygen pressures of about 350 mTorr and

temperatures of about 900°C to promote the formation of

(100) oriented intermediate layers.

The rate o2 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 are cooled to 200°C typically within an oxygen

atmosphere of greater than about 100 Torr for about 15 to

about 30 minutes.

Among the sultable superconductive materlals are those

superconductive materials having a critical transition

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

Among the materlals with such a Tc are included, e.g.,

yttrium-barium-copper oxide (YBa2Cu3OT_x),

bismuth-strontium-calcium-copper oxide,

thallium-barium-calcium-copper oxide,

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

oxide (BKBO}.

The superconductive layer can be deposited upon the

intermediate layer by, e.g., pulsed laser deposition, under

conditions similar to the deposition of the intermediate

layer. In some instances, one or more layers of other

materials may be inserted between the intermediate layer

and the superconductive layer and the superconductive layer

would then be deposited upon the other material.

The present invention generally involves situating the

intermediate materials described herein between a substrate

material and a superconductive material. It is

contemplated that other layers may be inserted between,

e.g., the intermediate layer and either or both the base

substrate and the ceramic superconductive materlal, without

departing from the present invention. Similarly, where the
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intermediate material is initially situated over a

substrata that will be subsequently overcoated with a

superconductive material, it is contemplated that other

layers may be inserted between the intermediate layer and

the base substrata.

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 1

Cerium oxide powder (99.99%) was pressed into disks

under 1 ton pressure and then sintered in oxygen at

1500°C for 10 hours. Pulsed laser deposition was used to

deposit a layer of the cerium oxide upon (1102)A1203

(R-cut sapphire) under a pressure of 0.15 Tort and a

temperature of 785 °C. Analysis of the resulting article

by ion beam RBS and x-ray diffraction gave the results

illustrated in Fig. l(a) and Fig. l(b). These results

indicated the alignment of the cerium oxide layer and the

epitaxially structure of the cerium oxide. A top layer of

¥BCO was then deposited upon the cerium oxide layer by

pulsed laser deposition. Analysis by x-ray pole figure

scan gave the results illustrated in Fig. 2. These results

indicated that a single in-plane orientation of the ¥BCO is

obtained and that there was an approximate 45 ° rotation

between
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the in-plane orientation of the cerium oxide layer and the

in-plane orientation of the YBCO layer. Analysis for

transport critical current density yielded the data

illustrated in Fig. 3. The ¥BCO layer had a Jc of about

1.08 X 107 amperes per square centimeter at 64 OK under

a zero magnetic field.

Cerium oxide was also deposited upon various other

substrates including (100)LaAIO 3, (100)¥SZ, and (100)MgO.

EXAMPLE 2

Gadolinium oxide powder (99.99%) was pressed into disks

under i ton pressure and then sintered in oxygen at

1200°C for 24 hours. Pulsed laser deposition was used to

deposit a layer of the gadolinium oxide upon

(100)LaAIO 3. The conditions for the pulsed laser

deposition were a laser energy density upon the oxide

target of about 2 J/cm 2 with oxygen pressure about

150-200 mTorr and substrate temperature about 750-800°C

during deposition. The gadolinium oxide layer was from

about 500 to about 1000 Angstroms in thickness. Analysis

of the resulting article by x-ray diffraction gave the

results illustrated in Fig. 4. These results indicated the

desired crystalline orientation or alignment of the

gadolinium oxide layer upon the substrate.

Gadolinium oxide was also deposited upon various other

substrates including (100)¥SZ and (1!02)A1203 (R-plane

sapphire). A top layer of ¥BCO was also deposited upon the

gadolinium oxide layers by pulsed laser deposition. The

T c of the ¥BCO layer was measured as about 89°K.

EXAMPLE 3

Praseodymium oxide (Pr6Oll) powder (99.99%) was

pressed into disks under 1 ton pressure and then slntered
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in oxygen at 1200°C for 24 hours. Pulsed laser

deposition as in example 2 was used to deposit a layer of

the praseodymium oxide upon (1!02)A1203 (R-plane

sapphire}. Analysis of the resultlng article by x-ray

diffraction and x-ray pole figure scan gave the results

illustrated in Fig. 5 and Fig. 6. These results indicated

the desired epltaxial orientation and the alignment of the

gadolinium oxide layer upon the substrate. Praseodymium

oxide was also deposited upon various other substrates

including (100)LaA103 and (100)YSZ. A top layer of YBCO

was then deposited upon the praseodymium oxide layers by

pulsed laser deposition.

The results of the present examples demonstrate that

epitaxially oriented superconductive films can be deposited

upon an intermediate layer material such as cerium oxide,

gadolinium oxide, praseodymium oxide and the llke, such an

intermediate layer material upon, e.g., a metal oxide

substrate such as sapphire. The resultant superconductive

films have structural and chemical compatibility with the

underlying intermediate layers whereby the superconductive

films have high critical current density values.

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

A ceramic superconductor comprising a metal oxide

substrate, a ceramic high temperature superconductive

material, and a intermediate layer of a material having a

cubic crystal structure, said layer situated between the

substrate and the superconductive material is provided, and

a structure for supporting a ceramic superconducting

materlal is provided, said structure comprising a metal

oxide substrate, and a layer situated over the surface of

the substrate to substantially inhibit interdiffusion

between the substrate and a ceramic superconducting

materlal deposited upon said structure.
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