
EP 0 347 336 B1 Description Background of the Invention 5   Field of the
invention The present invention relates to a process for depositing a
superconducting thin film according to the first part of Claim 1. More
particularly, it relates to a thallijm (TI) type superconducting thin film
possessing an improved high 10  critical current density (Jc) as well as a
high critical temperature (Tc) and a process for depositing the same on a
substrate. Description of the related art 15      The superconductivity is
a phenomenon which is explained to be a kind of phase change of electrons
under which the electric resistance become zero and the perfect
diamagnetism is observed. Several superconducting devices have been
proposed and developed in electronics which is a typical field to which the
superconducting phenomenon is applicable. Atypical application of the
superconductor is Joseph- son device in which quantum efficiency is
observed macroscopically when an electric current is passed 20  through a
weak junction arranged between two superconductors. The tunnel junction
type Josephson device 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 sensor or de- tector for sensing very weak
magnetic field, microwave, radiant ray or the like since variation of
electromag- netic wave or magnetic field is reflected in variation of
Josephson effect and can be observed as a precise 25  quantum phenomenon.
Development of the superconducting devices such as high-speed logic units
or of no power-loss wiring materials is also demanded in the field of
high-speed computers in which the power con- sumption 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. The critical
temperature "Tc" of superconductivity, however, could not exceed 23.2 K of
[err] which was the the highest Tc for the past ten years. 30      The
possibility of an existence of new types of superconducting materials
having much higher Tc was re- vealed by Bednorz and [err], who discovered a
new oxide type superconductor in 1986 (Z. Phys. B64, 1986 p189). It had
been known that certain ceramic materials of compound oxides exhibit the
property of supercon- ductivity. For example, US-A- 3,932,315 discloses
Ba-Pb-Bi type compound oxide which shows superconduo- 35  tivity and
Japanese patent laid-open No. 60-173,885 discloses that Ba-Bi-Pb type
compound oxides also show superconductivity. These superconductors,
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 su- perconductivity. The new type compound oxide
superconductor discovered by Bednorz and Miller is represented by [La, 40
Sr]2CuO4 which is called the [err]-type oxide having a crystal structure
which is similar to known perovskite type oxides. The [err]-type compound
oxides show such higher Tc as 30 K which are extremely higher than known
superconducting materials. It was also reported that C. W. Chu et al.
discovered, in the United States of America, another supercon- ducting
material so called YBCO type represented by [err], having the critical
temperature of about 45  90 K in February 1987 (Physical Review letters,
Vol. 58, No. 9, p908). The other type new superconducting materials which
were reported recently are a compound oxide of Bi- Sr-Ca-Cu-O system
reported by Maeda et al (Japanese Journal of Applied Physics. Vol. 27, No.
2, p 1209 to 1210) and TI-Ba-Ca-Cu-O system which exhibit such high Tc as
more than 100 K (Hermann et al. Appl. Phys. Lett. 52 (20) p1738) and which
are chemically much stable than the abovementioned YBCO type compound 50
oxide or the like. And hence, the possibility of an actual utilization of
the high Tc superconductors have burst onto the scene. The above-mentioned
new types superconducting materials were prepared in a bulk form of
sintered block which was obtained by sintering a powder mixture of oxides
or carbonates of constituent metal elements. They can be deposited on a
substrate in a form of a thin film by physical vapour deposition (PVD)
technique orchem- 55  ical vapor deposition (CVD) technique. In both cases,
it is a usual practice to subject the resulting sintered blocks or thin
films to heat-treated in an oxygen-containing atmosphere to adjust the
oxygen deficiency in the crystal. 



The present applicant already proposed several processes for preparing the
thin films of the high-Tc su- 2    EP 0 347 336 B1 peroonductor on a
substrate in the following patent applications: U. S. patent application
serial No. 152,714 filed on February 2, 1988, U. S. patent application
serial No. 167,895 filed on March 13, 1988, U.S. patent application serial
No. 195,145 filed on May 18, 1988, U.S. patent application serial No.
195,147 filed on May 18 1988, U.S. patent application serial No. 200,206
filed on May 31, 1988, U.S. patent application serial No. 5   286,860 filed
on December 20, 1988, U.S. patent application serial No. 289,718 filed on
December 25, 1988, U.S. patent application serial No. 289,719 filed on
December 25, 1988, and U.S. patent application serial No. 290,309 filed on
December 26, 1988 or the like. The present invention completed on the same
line as these patent applications. C.E. Rice et al in Appl. Phys. Lett.,
52,21,1988, p.1828-1830, disclose the preparation of superconducting 10
thin films of calcium strontium bismuth copper oxide on single - crystal
SrTiO3 substrates, having (100) and (110) orientations. EP-A-0 292 958
discloses the preparation of a thin film of compound oxide superconductor
such as a thal- lium containing compound oxide, on a substrate which can be
a monocrystal of MgO, by physical vapor de- position technique. 15      The
present invention concerns the superconducting thin films of thallium (TI)
type compound oxide. This type superconducting thin film has been prepared
by deposition techniques such as RF sputtering, vacuum deposition or MO-CVD
technique. They posses, however, very low critical current density (Jc)
although they showed very high critical temperature (Tc), so that they were
difficult to be utilized in practical uses. An object of the present
invention is a process for depositing a superconducting thin film of
thallium con- 20  taining compound oxide by sputtering method on a
substrate, which allows to overcome the conventional thal- lium (TI) type
superconducting thin films and to improve the critical current density
(Jc). Summary of the Invention 25      The present inventors found such a
fact that the critical current density (Jc) of the superconducting thin
film of thallium (TI) type compound oxide can be improved remarkablywhen
the thin film is deposited on {110) plane of a single crystal of magnesium
oxide (MgO) comparing to known thin films prepared by the conventional
process in which the thin film is deposited on {100) plane of MgO, and when
the target used in said sputtering is a powder target which is prepared by
the steps of mixing compounds of Ba, Ca and Cu, subjecting the re- 30
suiting mixture of compounds of Ba, Ca and Cu to preliminary sintering
operation, pulverizing the resulting pre- liminary sintered mass, and then
mixing the resulting preliminary sintered powder with a compound of TI to
obtain said powder target. In fact, the critical current density (Jc)
observed in the known thin film of thallium (TI) type compound oxide
deposited on (100) plane has been about 10,000 A/[err] which is inadequate
for prac- tical applications. 35      The superconducting thin film
according to the present invention consists preferably of a superconducting
compound oxide of thallium (TI), barium (Ba), calcium (Ca) and copper (Cu).
The superconducting thin film according to the present invention can be
deposited on a substrate by phys- ical vapour deposition (PVD) technique
such as RF sputtering, vacuum deposition, ion plating, MBE or chem- ical
vapor deposition (CVD) technique such as thermal CVD, plasma CVD, photo
CVD, MOCVD or the like. 40      Y. Ichikawa et al in Appl. Phys. Lett. 53,
10, 1988, p. 919-921, disclose the preparation of thin films of TI - Ca -
Ba-Cu - O by rf magnetron sputtering having critical current densities up
to 1.2x [err] A/[err] at 77 K. The vapour source used in the vapour
deposition can consist of elemental thallium (TI), barium (Ba), cal- cium
(Ca) and copper (Cu) and/or compounds thereof, so that thallium (TI),
barium (Ba), calcium (Ca) and cop- per (Cu) are deposited together with
oxygen (O) on the substrate to produce the superconducting compound 45
oxide. The atomic ratios of these elements : TI, Ba, Ca and Cu are adjusted
in such a manner that a thin film deposited on the substrate has a
predetermined composition which shows superconductivity with taking evap-
oration rates and volatility of each elements into consideration. According
to the invention, the vapour source is prepared by the steps of mixing
firstly powders of com- 



50  pounds of Ba, Ca and Cu such as their oxides, carbonates, fluorides or
the like, subjecting the resulting powder mixture of compounds of Ba, Ca
and Cu to preliminary sintering operation, pulverizing the resulting
preliminary sintered mass and then mixing the resulting preliminary
sintered powder with a powder of a compound of TI such as thallium oxides,
carbonates, fluorides or the like to obtain a material powder mixture which
can be used directly as a vapour source, particularly, as a target for
sputtering. This preparation method is very ef- 55  fective because
thallium is a vary volatile and toxic element The vapour source can be
divided into a plurality of segments each consisting of elemental metal of
TI, Ba, Ca and Cu or a compound thereof such as their oxides, carbonates,
fluorides or the like which can be evaporated by means of a K-cell or an
ion beam. This vapour source is preferable for vacuum deposition. ion- 3
EP 0 347 336 B1 plating or molecular beam epitaxy (MBE) methods. In this
case, oxygen is supplied, if necessary, separately or additionally into an
evaporation atmosphere. Generally speaking, supplement of oxygen into the
evaporation atmosphere is effected either by evapor- ating
oxygen-containing compounds such as oxides, carbonates, fluorides of Ti,
Ba, Ca and Cu or bysupplying 5   oxygen gas separately into a vacuum
chamber. In any case, the oxygen contents in the atmosphere during the
deposition of the superconducting thin film must be controlled precisely so
that the oxygen deficiency in the thin film deposited on the substrate is
adjusted to a predetermined value because the oxygen deficiency in the thin
film is a critical factor to realize the superconducting property. The thin
film according to the present invention consists preferably of a
superconducting compound oxide 10  represented by the general formula:
[err] in which m, n, x and y are numbers each satisfying ranges of [err]
respectively and p = (6+m n). 15      More preferably, the atomic ratios
are selected within one of following ranges: [err] [err] [err] Results of
experiments which were carried out by the present inventors revealed such a
fact that the crys- 20  talline structure of a superconducting thin film of
thallium (11) type compound oxide deposited on {110) plane of a single
crystal of magnesium oxide (MgO) is much uniform than a superconducting
thin film of thallium (TI) type compound oxide deposited on (100) plane of
the same single crystal and is free from precipitates which is thought to
be a cause of hindrance to a flow of electrons. The reason why the thin
film according to the present invention possesses a very high current
density (Jc) may be explained by the absence or decrement of such 25
precipitation. In order to obtain a smooth thin film which is uniform in
crystal structure, it is indispensable to heat the substrate at a
temperature which is higher than [err], preferably higher than 100 C during
the deposition. The temperature of the substrate, however, should not be
heated higher than [err]during the deposition. Heating of the substrate at
higher temperature than [err] result in increment of precipitates on the
thin film 30   deposited and hence both of the critical current density
(Jc) and the critical temperature (Tc) become lower. It is also preferable
to subject the resulting thin film deposited on the substrate to
heat-treatment in a stream of mixed gas of oxygen and thallium. This
heat-treatment is effected preferably by such steps that the resulting thin
film deposited on the substrate is firstly re-heated at a heating rate of 1
to [err]/min to a temper- ature of 800 to [err], is maintained at this
temperature for 10 minutes to 100 hours, and then is cooled slowly 35  to
ambient temperature at a cooling rate of 1 to [err]/min. This
heat-treatment accelerate homogenization of crystal structure in the thin
film and ensure the oxygen deficiency of the crystal structure. In order to
realize the effect of the heat-treatment, it is preferable to operate the
heat-treatment by the above-mentioned steps. The superconducting compound
oxide according to the present invention can be utilized advantageously in
a variety of applications of thin film devices, such as Matisoo switching
elements or Josephson device, 



40  Anacker memory device, a variety of sensors or Superconducting Quantum
Interference Device (SQUID). Now, the present invention will be described
with reference to examples, but the scope of the invention should not be
limited to them. Example 1 45 In this example, a superconducting thin film
of TI-Ba-Ca-Cu type compound oxide according to the present invention is
prepared by RF magnetron sputtering method. Atarget used in the
RF-magnetron sputtering is prepared by the steps of mixing intimately
powders of com- mercially available [err]and CuO in such a manner that the
atomic ratios of respective elements 50 Ba, Ca and Cu in the resulting
powder mixture become 2:2:3, subjecting the powder mixture to sintering at
[err] for 8 hours, pulverizing the sintered mass, and then mixing a powder
of commercially available [err] with the resulting pulverized preliminary
sintered powder in such a manner that the atomic ratios of [err] and Cu
become 1:2:2:3 to obtain a powder mixture target which is used directly as
the target. The RF-magnetron sputtering is effected under the following
conditions: 55   Substrate              : (110) plane of a single crystal
of [err] Sputtering gas         : a mixed gas of Ar and [err] [err]
Sputtering pressure   [err] 4    EP 0 347 336 B1 Substrate temperature
:[err] High-frequency power    : 50 W (0.64 W/[err]) Deposition of a thin
film is continued up to a thickness of 8,000 A. Then, the resulting thin
film is heat-treated in a stream of a mixed gas of oxygen and thallium.
This heat-treatment is effected by the steps of re-heating 5   the thin
film deposited on the substrate up to[err] at a rate of [err]/min,
maintaining the temperature for one hour and then cooling the thin film
slowly down to ambient temperature at a cooling rate of [err]/min. The
resulting thin film is analyzed to find that the atomic ratios of
TI:Ba:Ca:Cu in the thin film are 2:2:2:3. For comparison, the same
procedure (same target and same operational condition as above) is repeated
except that the thin film is deposited on {100) plane of a single crystal
of MgO. 10      The resulting superconducting thin films are evaluated by
measuring the critical temperature, the critical current density and by
observing their surfaces by a scanning electron microscope (SEM). The
critical temperatures (Tco where the superconducting phenomenon starts to
be observed and Tci where the perfect superconductivity is realized) are
determined on both samples of thin films by usual four probe method.
Temperature is measured by a calibrated Au(Fe)-Ag thermocouple. The
critical current density 15  (Jc) of the thin films obtained is also
determined at 77.0 K and is expressed by A/cm2. The results are summarized
in Table 1. Example 2 20      Same operation as Example 1 is repeated
except that the atomic ratios of Tl:Ba:Ca:Cu in the powdertarget is
modified to 2:2:1:2. The resulting thin film is analyzed to find that the
atomic ratios of TI:Ba:Ca:Cu in the thin film are 2:2:1:2. The
superconducting properties of the resulting thin f ilms are determined by
the same method as Example 1. The results are summarized in Table 1. 25
Example 3 In this example, a superconducting thin film of TI-Ba-Ca-Cu type
compound oxide according to the present invention is prepared by vacuum
deposition method. 30      A vapour source used in the vacuum deposition is
divided into four segments consists of commercially available thallium (TI)
metal, calcium (Ca) metal, copper (Cu) metal and BaF2. The thallium (TI)
metal, calcium (Ca) metal and copper (Cu) metal are evaporated in
respective K-cell, while BaF2 is evaporated by means of an electron beam
(EB) gun. The vacuum deposition is effected under the following conditions:



Substrate                 : {110) plane of a single crystal of MgO 35
Oxygen partial pressure   : 2,66 x [err] Pa (2 x [err] Torr) Substrate
temperature     : [err] Film forming rate         : 5 A/sec Deposition of a
thin film is continued up to a thickness of 8,000 A. Then,the resulting
thin film deposited on the substrate is heat-treated in a stream of a mixed
gas of oxygen and thallium, This heat-treatment is effected 40  by the
steps of re-heating the thin film deposited on the substrate up to [err] at
a rate of [err]/min, maintaining the temperature for one hour and then
cooling the thin film slowly down to ambient temperature at a cooling rate
of[err]/min. The resulting thin film is analyzed to find that the atomic
ratios TI:Ba:Ca:Cu in the thin film are 2:2:2:3. For comparison, the same
procedure (same target and same operational condition as above) is repeated
45  except that the thin film is deposited on {100) plane of a single
crystal of MgO. The critical temperatures (Tco and Tcl) and the critical
current density (Jc) are determined by the same method as Example 1. The
results are summarized in Table 1. Example 4 50 Same operation as Example 3
is repeated except that the amounts of Ca and Cu to be evaporated are
reduced by controlling heating means in such a manner thatthe atomic ratios
of TI:Ba:Ca:Cu which is analyzed in the resulting thin film become to
2:2:1:2. The superconducting properties of the resulting thin films are
determined by the same method as Example 55   1. The results are summarized
in Table 1. 5    EP 0 347 336 B1 Table 1 Plane Example No
Present invention        Comparative (110)                 (100) 10 Tco (K)
118                   120 5 Tci(K)                              110
115 15 Jc (A/[err])              4.3 x 105              1.2 x[err] 20
Tco (K)                    103                    105 2           Tci (K)
95                   98 Jc (A/[err])              1.8 x [err]
3.3 x 102 25 Tco (K)                   119                    120 3
Tci (K)                   111                    114 30
Jc (A/[err]])            2.8 x 105               9.5 x 103 Tco (K)
100                    105 4          Tci (K)                     93
98 Jc (A/[err])              2.5x[err]                   2.1 x [err] From
the results of Examples, it is confirmed that the superconducting thin
films according to the present invention possess remarkably higher critical
current density (Jc) than the conventional ones. The surface smoothness of
the superconducting thin films obtained is observed by a scanning electron
microscope (SEM). The results revealed that the thin film according to the
present invention has much homo- 45   geneous and uniform smooth surface
than the film prepared by the conventional process. This fact is a support
of the reason why the thin film according to the present invention
possesses higher critical current density. Claims 



50 1.  A process for depositing a superconducting thin film of
thallium-containing compound oxide by sputtering method on a substrate,
characterized in that said superconducting thin film is deposited on
(110)plane of a single crystal of magnesium oxide (MgO), and 55
a target used in said sputtering is a powder target which is prepared by
the steps of mixing com- pounds of Ba, Ca and Cu, subjecting the resulting
mixture of compounds of Ba, Ca and Cu to preliminary sintering operation,
pulverizing the resulting preliminary sintered mass, and then mixing the
resulting pre- liminary sintered powder with a compound of TI to obtain
said powder target. 6    EP 0 347 336 B1 Table 1 Plane Example No
Present invention       Comparative (110)               (100) 10 Tco (K)
118                   120 1      Tci (K)                   110
115 Jc (A/[err])              4.3 x 105              1.2 x 104 Tco (K)
103                    105 2           Tci (K)                    95
98 JC (A/[err])              1.8 x [err]              3.3 x [err] 25 Tco
(K)                   119                    120 3           Tci (K)
111                    114 30           Jc (A/[err])2.8 x [err]
9.5 x 103 Tco (K)                   100                    105 35
4           Tci (K)                    93                    98 Jc
(A/[err])              2.5 x 104              2.1 x 102 40 From the results
of Examples, it is confirmed that the superconducting thin films according
to the present invention possess remarkably higher critical current density
(Jc) than the conventional ones. The surface smoothness of the
superconducting thin films obtained is observed by a scanning electron
microscope (SEM). The results revealed that the thin film according to the
present invention has much homo- 45 geneous and uniform smooth surface than
the film prepared by the conventional process. This fact is a support of
the reason why the thin film according to the present invention possesses
higher critical current density. Claims 50 1.  A process for depositing a
superconducting thin film of thallium-containing compound oxide by
sputtering method on a substrate, characterized in that said
superconducting thin film is deposited on (110) plane of a single crystal
of magnesium oxide (MgO), and 55            a target used in said
sputtering is a powder target which is prepared by the steps of mixing com-
pounds of Ba, Ca and Cu, subjecting the resulting mixture of compounds of
Ba, Ca and Cu to preliminary sintering operation, pulverizing the resulting
preliminary sintered mass, and then mixing the resulting pre- liminary
sintered powder with a compound of TI to obtain said powder target. 6   



EP 0 347 336 B1 2.  The process set forth in claim 1 wherein said substrate
is heated at a temperature which is not higher than 400 C during the
deposition. 3. The process set forth in claim 1 or 2 wherein a thin film
deposited on the substrate is subjected to heat- 5       treatment after
the deposition. 4.  The process setforth in claim 3 wherein the
heat-treatment is effected in a stream of mixed gas of oxygen and thallium.
5. The process set forth in any one of claims 1 to 4 wherein a vapour
source used in the sputtering consists 10      of elemental thallium (TI),
barium (Ba), calcium (Ca) and copper (Cu) and/or compounds thereof, so that
thallium (TI), barium (Ba), calcium (Ca) and copper (Cu) together with
oxygen (O) are deposited on said substrate to produce said superconducting
compound oxide. 6.  The process set forth in claim 5 wherein each of said
compounds of Tl, Ba, Ca and Cu is an oxygen-con- taining compound. 7.  The
process set forth in claim 6 wherein each of said oxygen-containing
compounds is selected from re- spective oxides, carbonates, nitrates and
fluorides of TI, Ba, Ca and Cu. 20  8.  The process set forth in any one of
claims 1 to 7 wherein said superconducting thin film deposited on the
substrate consists of a superconducting compound oxide represented by the
general formula: [err] in which m, n, x and y are numbers each satisfying
ranges of [err] 25      respectively and p = (6+m+n). Patentanspruche 30
1.  Verfahren zum Abscheiden eines supraleitenden dOnnen Films auf einem
thalliumhaltigen Mischoxid durch Sputtern auf einem Substrat, dadurch
gekennzelchnet, daR man den supraleitenden dOnnen Film aufeiner{110)-Ebene
eines Einkristalls von Magnesiumoxid (MgO) abscheidet und als Target beim
Sput- tern ein Pulvertarget verwendet, das dadurch hergestellt worden ist,
dae man Verbindungen von Ba, Ca und Cu mischt, das resultierende Gemisch
der Verbindungen von Ba, Ca und Cu einem ersten Sintervor- 35      gang
unterwirft, die resultierende vorgesinterte Masse pulverisiert und danach
das resultierende vorge- sinterte Pulver mit einer Verbindung von TI mischt
und das Pulvertarget erhalt. 2.  Verfahren nach Anspruch 1, wobei man das
Substrat bei elner Temperatur, die nicht hoher als 400 C ist, wahrend des
Abscheidens erhitzt. 40 3.  Verfahren nach Anspruch 1 oder 2, wobei man den
duinnen Film auf dem Substrat elner Warmebehand- lung nach dem Abscheiden
unterwirft. 4.  Verfahren nach Anspruch 3, wobei man die Wirembehandlung in
einem Strom eines Gasgemischs aus Sauerstoff und Thallium durchfuhrt. 45 5.
Verfahren nach einem der Anspruche I bis 4, wobel die beim Sputtern
verwendete Dampfquelle aus ele- mentarem Thallium (TI), Barium (Ba),
Calzium (Ca) und Kupfer (Cu) und/oder deren Verbindungen derart besteht,
daB Thallium (TI), Barium (Ba), Calzium (Ca) und Kupfer (Cu) zusammen mit
Sauerstoff (0) auf dem Substrat abgeschieden werden und das supraleitende
Mischoxid gebildet wird. 50 6.  Verfahren nach Anspruch 5, wobei jade
derVerbindungen von TI, Ba, Ca und Cu sine sauerstoffhaltige Verbindung
ist. 7.  Verfahren nach Anspruch 6, wobei jede der sauerstoffhaltigen
Verbindungen jeweils unter Oxiden, Car- 55       bonaten, Nitraten und
Fluoriden von TI, Ba, Ca und Cu ausgewAhIt ist. 8.  Verfahren nach einem
derAnspruche I bis 7, wobei dersupraleitende drinne Film, derauf einem
Substrat abgeschieden wird, aus einem supraleitenden Mischoxid der
folgenden aligemeinen Formal besteht 7 , I~llc 111111  111,11 I II. IN!I   



EP 0 347 336 B1 114 (Ba1. xCax )m Cun p+y wobei m, n, x und y Zahlen sind,
die jeweils die Bereiche 6-m10, 45n58,0<xc1 bzw.-25ys+2 befriedigen, 5
und p = (6+m+n) ist. Revendications 10  1.  Procede pourd6poserune
pellicule mincesupraconductrice en oxyde compos6 contenantdu thallium par
un proc6de de pulv6risation cathodique sur un substrat, caract6rise en ce
que ladite pellicule mince supraconductrice est depos6e sur le plan {1101
d'un monocristal d'oxyde de magn6sium (MgO), et la cible utilis6e dans
ladite pulverisation cathodique est une cible de poudres qui est pr6par6e
par 15      les 6tapes de m6lange des compos6s de Ba, Ca et Cu, de
soumission du m6lange obtenu des compos6s de Ba, Ca et Cu A une operation
de frittage pr6liminaire, de pulverisation de la masse preliminairement
fritt6e obtenue, puis de m6lange de la poudre pr6liminairement
fritt6eeobtenue avec un compose de TI pour obtenir lad ite cible de
poudres. 20  2.  Proced6 selon la revendication 1, dans lequel ledit
substrat est chauff6 A une temperature qui nWest pas superieure a 400 0C
durant le d6pot. 3.  Proc6de selon la revendication 1 ou 2, dans lequel une
pellicule mince deposee surle substratest soumise A un traitement thermique
apres le depot. 25  4.  Procd6 saelon la revendication 3, dans lequel le
traitement thermique est effectue dans un courant de gaz melang6 d'oxygene
et de thallium. 5.  Proc6de salon l'une quelconque des revendications I A
4, dans lequel la source de vapeur utilisee dans la pulverisation
cathodique est constituee de thallium (TI), de baryum (Ba), de calcium (Ca)
et de cuivre 30      (Cu) elementaires et/ou de composes de ceux-ci, de
sorte que le'thallium (TI), le baryum (Ba), le calcium (Ca) et le cuivre
(Cu), ainsi que de l'oxygbne (0), solent depos6s sur ledit substrat pour
produire ledit oxy- de compos6 supraconducteur. 6.  Procede selon la
revendication 5, dans lequel chacun desdits composes de TI, Ba, Ca et Cu
est un compo- 35      se contenant de l'oxygene. 7.  Procede selon la
revendication 6, dans lequel chacun desdits composes contenantde l'oxyghne
est choisi parml les oxydes, carbonates, nitrates et fluorures respectifs
de TI, Ba, Ca et Cu. 40  8.  Proced6 selon 'une quelconque des
revendications I A 7, dans lequel ladite pellicule mince supracon- ductrice
d6pos6e sur le substrat est constituee d'un oxyde compose supraconducteur
represente par la formule generale: T14(Ba1.x. Cax).CunOP+Y dans laquelle
m, n, x et y sont des nombres satisfaisant chacun aux gammes de 45
65mi10,         45n58        0<x<1        et-2  y +2, respectivement, et p
= (6+msn). 50 55 8 I 111111111111111111 11111 111111 *   C   L  M   S   *


