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Description

Background of the Invention

Field of the invention

The present invention relates to an improvement in a method for preparing a superconducting thin film.
More particularly, it relates to a method for preparing a superconducting thin film of compound oxide having
a high critical temperature and improved uniformity in composition and also possessing lasting stability for a
long period.

Description of the related art

The superconductivity is a' phenomenon which is explained to be a phenomenon of a kind of phase
change of electrons under which the electrical resistance become zero and the perfect diamagnetism is
observed. Thus, under the superconducting condition, slectric current of a very high current density can be
delivered without any loss of power.

Superconducting devices are well-known in the field of electronics. Typical superconducting device is
so called Josephson device in which quantum efficiency is observed macroscopically under the Josephson
effect when an electric current is passed through a weak junction arranged between two superconducting
bodies.

Tunnel junction type Josephson device which is a typical application of the Josephson effect is
expected to be a high-speed and low-power consuming switching device owing to smaller energy gap of
the superconducting material. It is also expected to utilize the Josephson device as a high sensitive sensors
or detectors for sensing very weak magnetic field, microwave, radiant ray or the like since variation of
elactromagnetic wave or magnetic field is reflected in variation of Josephson effect and can be observed as
a quantum phenomenon precisely.- Development of the superconducting devices is also demanded in the
field of high-speed computers in which the power consumption per unit area is reaching to the upper limit
of the cooling capacity with increment of the integration density in order to reduce energy consumption.

However, the critical temperature of the conventional superconducting material could not exceed 23.2 K
of NbsGe which was the the highest Tc for all studies for the past ten years.

Possibility of existence of a new type of superconducting materials having much higher Tc was
revealed by Bednorz and Miiller who discovered a new oxide typs superconductor in 1986 [Z. Phys. B64
(1986) 189] _

it had been known that ceriain ceramics material of compound oxides exhibit the property of
superconductivity. For example, U. S. patent No. 3,932,315 discloses Ba-Pb-Bi type compound oxide which
shows superconductivity and Japanese patent laid-open No. 60-173,885 discloses that Ba-Bi type com-
pound oxides also show superconductivity. Japanese patent laid-open No. 56-109824 discloses a method
for preparing a thin film of superconductor represented by BaPb,-,Bi,0s (in which 0.05 < x < 0.35). In this
patent, the thin film is prepared by high-frequency sputtering technique which is carried out in an oxygen
containing atmosphere and then the resulting film is further heated at 500 to 550 °C. These superconduc-
tors, however, possess rather lower transition temperatures of about 10 K and hence usage of liquidized
helium (boiling point of 4,2 K) as cryogen is indispensable to realize superconductivity.

The new type compound oxide superconductor discovered by Bednorz and Milller is represented by
[La, SrkCuOs which is called as the KaNiF:-type having a crystal structure which is similar to known
perovskite type oxides. The KzNiFs-type oxides show such higher Tc as 30 K which are extremely higher
than known superconducting materials. Japanese Journal of Applied Physics (26)4, L388-390, 1987
discloses a preparation of superconducting thin film of (La,Sr)CuO by RF sputtering followed by annealing
at 500 to 800 °C in air or in oxygen.

it was also reported in the news paper that C. W. Chu st al discovered in the United States of America
another superconducting material so called YBCO type represented by YBazCuzO;-« having the critical
temperature of in the order of 90 K in February 1987. Still another type new superconducting material is a
compound oxide of Bi-Sr-Ca-Cu-O system and TI-Ba-Ca-Cu-O system which exhibit such high Tc as more
than 100 K and which are chemically much stable than the abovementioned YBCO typs compound oxide or
the like.

And hence, possibility of existence of high-temperature superconductors have burst on the scene.

A thin film of superconducting compound oxide may be prepared by sputtering, ion-plating, vacuum
deposition, molecular beam epitaxial process or the like. For example, a thin film of the abovementioned
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YBCO type is prepared by sputtering technique in which a sintered body composed of YBaz2CusQOy—y is
used as a target. The sputtering conditions for preparing superconducting thin films of compound oxide are
disclosed also in EP-A-0 277 885.

The abovementioned sputtering technique itself is satisfactory but some of the thin films obtained by
such physical vapour deposition technique do not or hardly possess the superconducting property. This fact -
is explained by defectiveness of oxygen deficiency , in other words, imperfect oxygen contents in the
crystal. In fact, the superconductivity or superconducting property of the abovementioned new type
superconducting material of compound oxide is influenced by the oxygen contents or oxygen deficiency in
the crystalline structure. And hence, if the oxygen deficiency is not proper, neither high-Tc nor reduction of
discrepancy between the critical temperature and onset temperature can be realized.

In order to overcome such drawback, it is a usual practice that the deposited thin film prepared by the
physical vapour deposition technique is after-treated or annealed in the presence of oxygen gas under heat
for example at a temperature ranging from 700 to 1,000 °C. This heat-treatment convert the incomplete
oxygen deficiency to the proper value that is suitable for realizing high-Tc (critical temperature) and high-Jc
(critical current density). '

In prior art, the heat-treatment is carried out in a furnace which is equipped specially for this end. In
other words, a substrate on which a superconducting thin film is deposited is taken out of a sputtering
machine to set the substrate in the furnace. In this operation, however, the substrate having the supercon-
ducting thin film thereon is necessarily cooled down and is exposed to surrounding atmosphere and hence
desired control of atmosphere can not be assured, so that the resulting products do not possess uniform
property and are deteriorated with the passing of time.

Therefore, an object of the present invention is to overcome the abovementioned problems of the
conventional technique and to provide a method for preparing a supsrconducting thin film improved in
stability during storage or during use.

Summary of the Invention

The present invention relates o a process for preparing a superconducting thin film of compound oxide
by the steps comprising depositing a thin film of compound oxide on a subsirate and then subjecting the
resulting thin film of compound oxide to heat-treatment in the presence of oxygen gas.

According to the present invention, said heat-treatment is carried out in the same chamber in which the
thin film of compound oxide is deposited on the substrate without taking the substrate out of said chamber,
and said heat-treatment is effected by the steps comprising heating said thin film deposited on the
substrate at a temperature ranging from 700 to 900°C for more than 6 minutes, cooling said thin film at a
cooling rate of less than 100 C/min, and then keeping said thin film at a temperature ranging from 300 fo
500°C for more than 6 minutes.

The superconducting thin film can be composed of compound oxide of at least one element « selected
from lia group of the Periodic Table, at least one element § selected from llla group of the Periodic Table,
copper and oxygen.

Particularly, the superconducting thin film is preferably a compound oxide represented by the general
formula:

(@1-x8:3CuyO;

in which « and 8 means the same definition as above, x is an atomic ratio of 8 with respect to (« + 8) and
has a range of 0.1 < x £ 0.9, and y and z are respective atomic ratios with respect 10 {a1-x8,) which is
considered to be equal to 1 and each satisfies a range of 0.4 £ y £ 3.0 and 1 £ z £ 5 respectively.

According to a preferred embodiment of the present invention, the element « is Ba or Sr and the
eloment g is at least one element selected from a group comprising Y, La, Gd, Dy, Ho, Er, Tm, Yb, Nd, Sm,
Eu and Lu. From 10 to 80 % of the element a may be. substituted by one or more than one of other
elements selected from lla group of the Periodic Table such as Ca or Mg. The element 8 may be a
combination of more than two elements selected from llla group of the Periodic. A portion of these
components can be substituted by at least one of elements selected from a group comprising Al, Fe, Ni,
Zn, Ag and Ti.

An atomic ratio of « to 8 depends on the type or system of the compound oxide or on the combination
of « and 8. Following atomic ratios are preferably used in case of Ba-Y system, Ba-La system and Sr-La
system respectively:
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Y/Y +Ba)
Ba/(La+Ba)
Sr/(La+Sr)

0.06 to 0.94, more preferably 0.1 to 0.4
0.04 to 0.96, more preferably 0.08 to 0.45
0.03 to 0.95, more preferably 0.05 to 0.1

Thus, the most preferable compound oxides are Y-Ba-Cu-O system, La-Ba-Cu-O system and La-Sr-Cu-
0 system including the following special systems:

Y1Ba2Cus 07—y,
Sm1 Ba2 Cus 07—)(!
EutBazCuz07-,
TmyBazCusz 07—,

Ho1Ba2Cuz 07y,
NdiBazCus 07- X
Er1Baz Cus O7-x,

Yb1 BazCusz 07—y,

Luy BazCus 07—y,
GdiBazCus 07—y,
Dy1BazCu307_y,

(La, Sr)2CuOy4-x

in which x is a number which satisfies a range of 0 < x < 1.

The abovementioned oxides possess preferably perovskite type or quasi-perovskite type crystal
structure. The term of quasi-perovskite type means a structure which can be considered to have such a
crystal structure that is similar to perovskite-type oxides and includes an orthorhombically distorted
perovskite or a distorted oxygen-deficient perovskite or the like.

The thin film of superconductor can be prepared by the conventional physical vapour deposition (PVD)
technique, such as sputtering, vacuum deposition, ion plating, molecular beam epitaxial growth or the like. It
is also possible to use chemical deposition technique (CVD) such as plasma CVD or photo CVD. Generally,
the thin film of compound oxide is prepared by sputtering technique.

In case of PVD, a vapour source may be elements of a, 8 and v themselves, oxides or carbonates
thereof. An atomic ratio of these elements in the vapour source is adjusted in function of evaporation rates
of these elements on the basis of an atom ratio of these elements in the thin film to be produced. The
vapour source may be a sintered mass or sintered powder which is prepared by sintering a powder mixture
of Y203, CuO and BaCuQ2 and may have a crystal structure of perovskite or quasi-perovskite type.

The partial pressure of oxygen during the physical vapour deposition is preferably within a range of
from 1,3 x 10~° Pa to 6,5 Pa ( 1,0 x 1078 to 5.0 x 102 Torr) and the substrate is preferably heated at a
temperature ranging form 100 to 1,000 *C during the physical vapour deposition. When the substrate
temperature is not higher than 100°C, a satisfactory thin film can not be obtained because of poor
crystallization. To the contrary, when it exceeds 1,000°C, a hqusd phase is produced in the thin film and
hence the superconductivity is deteriorated.

The substrate may be made of glass, quartz, silicon, sapphire, stainless steel or other ceramics.
Particularly, the substrate consists preferably of a single crystal of MgO, ZrO> or SrTiOs. Desirably, the
superconducting thin film is deposited on a {001} plane or {110} plane of a single crystal of MgO or
SrTiOs. In fact, the thin film of compound oxide according to the present invention possesses anisotropy in
its crystal structure, so that a current passing along the direction which is in paralle!l with a plane defined by
a-axis and b-axis of the crystal show a very high critical current density but the other current passing along
the other directions is relatively lower. Therefore, when the c-axis is orientated to a direction which is
perpendicular to the plane defined by by a-axis and b-axis of the crystal, a current which has much higher
critical current density (Jc) can be delivered along a dirsction which is in parallel with the plane. It is also
possible to use {011} plane. The substrate of MgO or SrTiOs possess such another advantage that no
stress is exerted on the thin film deposited during the heat-treatment because their heat-expansnon
cosfficient is very similar to that of the thin film

The operational condition of sputtering technique for preparing a superconducting thin film is described
also in EP-A-0 277 885.

According to a preferred aspect of the present invention, the thin film of compound oxide deposited on
the substrate is not taken out of a chamber in which the deposition is carried out but is further heat-reated
in the same chamber.

In fact, the abovementioned compound oxides possess their transformation point at about 530 °C.
Effective control or adjustment of oxygen deficiency in the compound oxide can not be realized below the
transformation point. in other words, if the thin film is cooled below the transformation point after the thin
film is deposited on a substrate, the crystalline structure of the superconductor change and effective heat-
treatment can not be realized or difficult to be performed. Thus, in the prior heat-treatment in which the
substrate on which the thin film is deposited is taken out of the chamber, the thin film deposited is
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necessarily cooled down below the transformation point, because the substrate temperature during the
physical vapour deposition is about 800 °C. Still more, the thin film deposited is exposed to surrounding
atmosphere when it is transferred from the chamber to a furnace, so that precise control of cooling rate and
atmosphere can not be effected.

According to the present invention, precise control of substrate temperature, cooling rate and at-
mosphere in the stage of heat-treatment is effected advantageously without cooling the thin film below the
transformation point. ’

According to the second aspect of the present invention, the thin film deposited on the substrate is
heat-treated by a special sequence including (i) heating it in oxygen containing atmosphere having a partial
pressure of oxygen ranging 0,5 x 10° to 5 x 105 Pa (0,5 to 5 aitm) at a temperature ranging from 700 to
900° C for more than 6 minutes, (ii) reheating or keeping it at a temperature ranging form 300 to 500 C for
more than 6 minutes.

As mentioned above, the superconductivity or superconducting property of new type superconducting
material of compound oxide is influenced by the oxygen deficiency in the crystalline structure and the thin
film as deposited does not possess a favorable or proper value of oxygen deficiency and does not exhibit
desired superconductivity. The conventional heat-treatment of the thin film which carried out at 700 to 1,000
°C in oxygen containing atmosphere is not satisfactory to produce constantly superconducting thin films
which possess uniform property and which are not deteriorated with the passing of time. Such defects are
overcome by the present invention. '

In the heat-treatment according to the present invention, the partial pressure of oxygen gas is adjusted
to a range between 0.5 x 10° and 5 x 10° Pa (0.5 and 5 atm). If the oxygen partial pressure is not higher
than 0.5 x 105 Pa ( 0.5 atm), no substantial improvement is observed. Higher oxygen partial pressure
accelerates the operation but no improvement is obtained above more than 5 x 10° Pa. Heat-treatment at
higher pressure also requires a costly pressure chamber. Therefore, the heat-treatment or annealing is
preferably carried out effectively and economically at an oxygen partial pressure of 105 Pa (1aim).

Under such oxygen partial pressure, the thin film deposited is heated at a temperature ranging from 700
to 800°C for more than & minutes, then cooled down at a cooling rate of less than 100 ° C/min, and then
reheated or kept to a temperature ranging from 300 to 500°C for more than 6 minutes. After then, the
treated thin film is taken out of the chamber. A temperature of about 830°C in the abovementioned
temperature range of 700 to 900°C is the most preferable one for making oxygen atom penetrate into the
thin film. The temperature range of 300 to 500°C is selected because the abovementioned superconductor
has another transformation point at about 400°C. .

It is apparent from the description abovementioned that the superconducting thin film of compound
oxide according to the present invention have improved stability than conventional superconducting thin film
and hence they can be utilized -advantageously in a applications of thin film devices, such as Matisoo
switching elements or Josephson device, Anacker memory device or Superconducting Quantum Interfer-
ence Device (SQUID)

Now, the present invention will be described with reference to Examples, but the present invention is
not limited thereto.

Example 1
A thin film of compound oxide is prepared by magnetron sputtering technique in which a disc of

sintered mass of Ba-Y-Cu-O system 10, 16 cm diameter, atomic ratio of Ba:Y:Cu = 1.4:0.4:3) is used as a
target under the following condition:

Substrate: MgO.
Substrate temperature: 800°C _
Sputtering gas pressure: | 1,3 to 13 Pa (0,01 to 0,1 Torr)

composition Ar/O; = 50/50
High-frequency power : 100 to 300 W
Sputtering time : 60 min
Thickness of thin film: 02to 1 um

When deposition of a thin film of compound oxide complete, oxygen gas is introduced at ambient
pressure into a chamber in which the sputtering is carried out. Then, the substrate is cooled down slowly at
a cooling rate of 2 *C/min from 800 to 300 °C and then at a cooling rate of 15 *C/min from 300 °*C to
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ambient temperature.

For comparison, a sample which is prepared under the same condition as above is left in the chamber
to be cooled down to ambient temperature and then is taken out of the chamber. Then, this sample is
reheated in a furnace to 600 °*C and cooled down in air.

The result of superconducting properties of a sample according to the present invention and th
comparative example is shown in Table 1

Table 1

present invention | comparative example
Jc (A/em?, 77K) 2x10° 3.2x10*
Te (K) 88 .78

Example 2

Powders of BaCO; and CuO were mixed and heated to produce an oxide of BaCuQ.. Then, the
resulting powder was mixed with Y20s and CuO in such a proportion that an atomic ratio of Y:Ba:Cu =
1:2:3.2 (Cu was added excessively with respect to the stoichiometric value because the sputtering rate of
copper is higher than others) and sintered at 950 °C to prepare a sintered block of YBa>Cus Q7.

A thin film was prepared in a sputtering machine on a {001} plane of a substrate of MgO single crystal
under following conditions:

Ar gas introduced : 6,5 Pa (5.x 1072 Torr)

02 gas introduced : 1,3 Pa (1,3 x 1072 Torr)
Substrate temperature : | 650 °C

Deposition rate : about 0,05 nm/s
Thickness of thin film : 1um

Deposition of the thin film completed, the substrate having the thin film was left in oxygen atmosphere
of 105Pa at 830 °C for 0.5 hour and then was cooled slowly at a cooling rate of 10 *C/min down to 400
*C. After then, the substrate was left at 400 °C for 0.5 hour and then was cooled down in air.

For comparison, a deposited sample which was prepared under the same condition as above was
heated at 830 °C for 15 hour and then cooled in air.

" Resistance of the resulting thin film was measured on such a sample that has vacuum-deposited

aluminum electrodes at opposite sides of the thin film of compound oxide deposited on the substrate.

Measurement of the critical temperature Tco and Tci was carried out by a conventional four probe
method in which the sample was immersed in liquidized helium to cool the sample down to a temperature
of 8 K in a cryostat. Then, the temperature dependence of resistance of the sample was determined with
rising the temperature gradually to determine a temperature of Tci at which the perfect superconductivity
start to be lost and resistance begin to appear and a temperature of Tco at which the superconductivity is
lost and ordinary resistance begin to appear.

Changes of Tci and Tco are determined by comparing two values observed on same sample just after
the thin film is deposited and after one month.

The result are shown in Table 2.

Table 2
Just after deposition one month after
Teco (K) Tei (K) Teo (K) Tci (K)
Present invention . 98 96 - 98 26
Compara. Example 87 78 62 53
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Claims

1.

5.

10.

11.

A process for preparing a superconducting thin film of compound oxide by the steps comprising
depositing a thin film of compound oxide on a substrate and then subjecting the resulting thin film of
compound oxide to heat-treatment in the presence of oxygen gas, characterized in that said heat-
treatment is carried out in the same chamber in which the thin film of compound oxide is deposited on
the substrate without taking the substrate out of said chamber, and in that said heat-treatment is
effected by the steps comprising heating said thin film deposited on the substrate at a temperature
ranging from 700 to 900 °C for more than 6 minutes, cooling said thin film at a cooling rate of less than
100 °C/min, and then keeping said thin film at a temperature ranging from 300 to 500 °C for more
than 6 minutes.

The process set forth in claim 1 wherein said superconducting thin film is prepared by physical vapour
deposition technigue.

The process set forth in claim 1 or 2 wherein said superconducting thin film is a thin film of compound
oxide composed of at least one element a selected from lla group of the Periodic Table, at least one
element 8 selected from llla group of the Periodic Table, copper and oxygen.

The process set forth in claim 3 wherein said superconducting thin film is a thin film of compound
oxide represented by the formula:

(@1-xBx)CuyO;

in which « and 8 means the same definition as above, x is an atomic ratio of 8 with respect to (a« + 8)
and has a range of 0.1 S x £ 0.9, and y and z are respective atomic ratios with respect to (a1-x8)
which is considered o be equal to 1 and each satisfies arange of 0.4 <y <30and 1 £z <5
respectively.

The process set forth in claim 4 wherein said element « is Ba and said element g is at least one
element selected from a group comprising Y, La, Gd, Dy, Ho, Er, Tm, Yb, Nd, Sm, Eu and Lu.

The process set forth in any one of claim 3 to § wherein said superconducting thin film has a crystal
structure of perovskite or quasiperovskite.

The process set forth in any one of claim 2 to 8 wherein a vapour source used in the physical vapour
deposition technique is a sintered mass or powder which is prepared by sintering a powder mixture of
Y203, CuO and BaCuOa.

The process set forth in any one of claim 2 to 7 wherein the partial pressure of oxygen during the
physical vapour deposition is within a range of from 1,3 x 10~ to 6,5 Pa (1.0 x 10~% to 5.0 x 102
Torr)

The process set forth in any one of claim 1 to 8 wherein said éubstrate is heated at a temperature
ranging from 100 to 1,000 *C during the physical vapour deposition.

The process set forth in any one of claim 1 to 9 wherein said substrate is a single crystal of MgO or
SrTiOs.

The process set forth in claim 10 wherein said superconducting thin film is deposited on a {001} plane
or {110} plane of a single crystal of MgO or SrTiOs.

Patentanspriiche

1.

Veorfahren zum Herstellon einer supraleitenden Dinnschicht aus einer Oxidverbindung mittsls der
Schritte, welche das Abscheiden der Dlinnschicht aus einer Oxidverbindung auf einem Substrat umfaBt
und das anschlieBende Unterwerfen der erhalienen Diinnschicht aus einer Oxidverbindung einer
Wiérmebehandlung in der Gegenwart von Sauerstoffgas umfaBt, dadurch gekennzeichnet, daB die

8 N
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Wiérmebehandlung in derselben Kammer ausgefiihrt wird, in welcher die Dinnschicht aus der Oxidver-
bindung auf dem Substrat abgeschieden worden ist, ohne das Substrat aus dieser Kammer zu
entfernen, und daB die Wirmebehandlung mittels der Schritte durchgeflhrt wird, umfassend das
Erwdrmen der auf dem Substirat abgeschiedenen Diinnschicht auf eine Temperatur im Bereich von 700
bis 900°C flir mehr als sechs Minuten, das Abklihlen der Dlinnschicht mit einer Abklhlrate von
weniger als 100 * C/min und das Haltens dieser Dlinnschicht auf einer Temperatur im Bereich von 300
bis 500 ° C flir mehr als sechs Minuten.

Verfahren nach Anspruch 1, bei dem die supraleitende Dlinnschicht durch die physikalische Dampfab-
scheidetechnik hergestelit wird.

Verfahren nach Ansprlichen 1 oder 2, bei dem die supraleitende DUnnschicht eine Dlnnschicht aus
einer Oxidverbindung ist, die aus wenigstens einem Element « ausgew#hit aus der lla-Gruppe des
Periodensystems, wenigstens einem Element 8 ausgewﬁhlt aus der llla-Gruppe des Periodensystems,
Kupfer und Sauerstoff besteht.

Verfahren nach Anspruch 3, bei dem die supraleitende Dinnschicht eine Dlnnschicht aus einer
Oxidverbindung ist, die durch die Fprmel dargestelit wird:

{21-x8,0Cuy0;

wobei « und 8 wie oben definiert sind, x ein Atomverh3iinis von 8 bezlglich («+ 8) ist und im Bereich
von 0,1 S x £ 0,9 liegt und y und z entsprechende Atomverhditnisse bezliglich {a1-x8,) sind, welches
gleich 1 angenommen wird, wobei jedes den Bereich von 0,4 < y<3,0bzw. 152z 5 erflilt.

Verfahren nach Anspruch 4, bei dem das Element a Ba ist dnd das Element 8 wenigstens ein Element
ist, das ausgew&hit ist aus der Gruppe, die Y, La, Gd, Dy, Ho, Er, Tm, Yb, Nd, Sm, Eu und Lu umfaBt.

Verfahren nach einem der Anspriiche 3 bis 5, bei dem die supraleitende Dlinnschicht eine Perovskit-
oder quasi-Perovskit-Kristallstruktur aufweist.

Verfahren nach einem der Ansprliche 2 bis 6, bei dem die bei der physikalischen Dampfabscheidetech-
nik verwendete Dampfquelle eine gesinterte Masse oder ein Pulver ist, das durch Sintern eines
Pulvergemisches aus Y203, CuO und BaCuO2 erhalten wird.

Vertahren nach einem der Anspriiche 2 bis 7, bei dem der Sauerstofipartialdruck wihrend der
physikalischen Dampfabscheidung innerhalb eines Bergiches von 1,3 x 107 bis 8,5 Pa liegt (1,0 x
1078 bis 5,0 x 10~2 Torr).

Verfahren nach einem der Anspriiche 1 bis 8, bei dem das Substrat auf eine Temperatur erwrmt wird,
die im Bereich zwischen 100 und 1000 ° C wéhrend der physikalischen Dampfabscheidung liegt.

Verfahren nach einem der Anspriiche 1 bis 9, bei dem das Substrat ein MgO- oder SrTiOs-Einkristall
ist.

Verfahren nach Anspruch 10, bei dem die supraleitende DUnnschicht auf siner {001}-Ebene oder
{110}-Ebene eines MgO- oder SrTiOs-Einkristalls abgeschieden wird.

Revendications

1

Procédé de préparation d'une couche mince supraconductrice de composé d'oxyde au moyen des
étapes comprenant le dépdt d'une couche mince de composé d'oxyde sur un substrat, et comprenant
ensuite la soumission de la couche mince résultante de composé d'oxyde 2 un fraitement thermique
dans une atmosphére de gaz d'oxygéne, caractérisé en ce que ledit traitement thermique est exécuté
dans la méme chambre que celle dans laquelle la couche mince de composé d'oxyde est déposée sur
le substrat sans retirer le substrat de ladite chambre, et en ce que ledit traitement thermique est
offectué au moyen des étapes comprenant le chauffage de ladite couche mince déposée sur le
substrat & une température comprise entre 700 et 900° C pendant plus de 6 minutes, le refroidisse-
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ment de ladite couche mince 2 une vitesss de refroidissement inférieure & 100° C/min, et ensuits le
maintien de ladite couche mince & une température comprise entre 300 et 500° C pendant plus de 6
minutes.

Procédé selon la revendication 1, dans quuel ladite couche mince supraconductrice est preparée par
une technique physique de dépbt en phase vapseur.

Procédé selon la revendication 1 ou 2, dans lequel ladite couche mince supraconductrice est une
couche mince de composé d'oxyds, composée d'au moins un élément o choisi parmi le groupe lla du
tableau périodique des éléments, d'au moins un élément 8 choisi parmi le groupe llla du tableau
périodique des éléments, du cuivre et d'oxygéns.

Procédé selon la revendication 3, dans lequel ladite couche mince supraconducirice est une couchs
mince de composé d'oxyde représenté par la formule globale :

{21-:8:0Cuy0;

dans laquelle « st 8 ont la méme définition que précédemment, x est un rapport atomique de g par
rapport 2 (« + B8) et est compris entre 0,1 et 0,9, et y et z sont des rapports atomiques respectifs par
rapport & (ax1-x8x) qui est considéré comme étant égal 4 1 et vy est compris entre 0,4 et 3,0 et z est
compris entre 1 et 5.

Procédé selon la revendication 4, dans lequel ledit élément « est du Ba et ledit élément 8 est au moins
un élément choisi parmi un groupe comprenant Y, La, Gd, Dy, Ho, Er, Tm, Yb, Nd, Sm, Eu et Lu.

Procédé selon I'une quelconque des revendications 3 & 5, dans lequel ladite couche mince supracon-
ductrice a une structure cristalline de perovskite ou de quasi-perovskite.

Procédé selon I'une quelconque des revendications 2 & 8, dans lequel une source de vapeur, utilisée
dans la technique physique de dépdt en phase vapeur, est une masse fritiée ou une poudre qui est
préparée en frittant un mélange de poudres de Y203, de CuO et de BaCuOa.

Procédé selon I'une quelconque des revendications 2 & 7, dans lequel la pression partielle d'oxygéne
pendant le procédé physique de dépdt en phase vapeur est comprise entre 1,3 x 10~% 4 6,5 Pa (1,0 x
10 3 5,0 x 1072 Torr).

Procédé selon 'une quelconque des revendications 1 3 8, dans lequel ledit substrat est chauffé 3 uns
température comprise entre 100 et 1000° C pendant le procédé physique de dépdt en phase vapeur.

Procédé selon I'une queiconque des revendications 1 & 9, dans lequel ledit substrat est un monocristal
de MgO ou de SrTiOs.

Procédé selon la revendication 10, dans lequel ladite couche mince supraconductrice est déposée sur
un plan {001} ou un plan {110} du monocristal de MgO ou de SrTiOs.
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