
EP 0 412 007 B1 Description Background of the Invention 5   Field of the
Invention The present invention relates to a process for preparing
superconducting thin films. More particularly, it relates to a process for
depositing a superconducting thin films of compound oxides on substrates by
vacuum evaporation techniques such as molecular beam epitaxy (hereinafter
MBE) method. Description of the related art Among a variety of thin film
formation techniques on substrates, vacuum evaporation methods are widely
used because film formation Is realized under very low pressures so that a
variety of properties of a thin film 15  can be analyzed advantageously
during their growing stage. An activated reactive evaporation method Is one
of techniques to prepare thin films of compounds. In this method, material
vapors which are evaporated in an active gas atmosphere are reacted on a
substrate. The MBE method is advantageous for preparing thin films of
multi-component compounds because of the easiness of control of
compositions. in some compounds, these two methods are combined together to
prepare their 20  thin films. When thin films of oxides are prepared by the
vacuum evaporation methods oxygen gas, as the active gas, is introduced
into a chamber. it is known to activate or excite the oxygen gas by
microwave or other ra- diations in order to increase its activity before an
oxide thin film is deposited on a substrate. D. G. Schlom et al. "Applied
Physics Letters, 53 (17) p 1660 to 1662 discloses a process for preparing
an 25  oxide thin film on a substrate by avacuum evaporation method (MBE)
comprising the Introduction of an excited oxygen gas (oxygen plasma) In the
neighbourhood of the substrate. In this process, a vacuum chamber of a MBE
unit must be evacuated to a pressure below 1,33 [err] and hence a plasma
generating zone becomes such a low pressure value as several tens Pa
(hunderds milli-Torr) to several hunhundreds Pa (Torr.However, Itis
difficult to produce a stable plasma undersuch low pressures. Still more,
majority of active 30  oxygen exited by the plasma drop to their ground
states before they arrive at a substrate, so that the activity of oxygen Is
low. In the case of superconducting thin films of compound oxide, the
content of oxygen In the thin film Is one of critical factors and must be
controlled precisely. From this point, this process is not effective to
prepare oxide superconducting thin films of high quality. An object of the
present invention is to solve the problems raised by prior art and to
provide a process 35  which permits to prepare oxide thin films having
predetermined oxygen content and of high quality. Summary of the Invention
The present invention provides a process forpreparing an oxide thin film on
asubstrate by a vacuum evap- 40  oration method with an oxygen-containing
gas excited by microwave discharge being introduced in the neigh- bourhood
of the substrate, characterized In that the oxygen-containing gas is a
mixed gas of [err]. Although the process according to the present invention
is applicable to formation of any oxide thin films on substrates, it is
particularly and advantageously applicable for depositing superconducting
thin films of com- pound oxides whose oxygen content is a critical factor
in order to realize superconducting properties. 45     Avariety of
superconducting compound oxides are knpwn. Followings are examples to which
the process according to the present invention is advantageously
applicable: (1) YBCO type superconductors: [err] in which Ln stands for at
least one element selected from a group comprising La, Ce, Pr. Nd, Sm, 50
Eu, Gd, Tb, Dy, Ho, Y, Er, Tm, Yb, and Lu, and "z" is a number satisfying a
range of [err]. (2) Bismuth type superconductors: 



[err] in which "x", "m", "f, "p and "y" are numbers each satisfying ranges
of [err] [er]respectively and p = (6+mtn). Particularly, following
compositions are preferable: 55        [err] [err] [err] (3) "La" type
superconductors: 2    EP 0 412 007 B1 [err] in which "a" stands for Sr or
Ba, and "x" and "y" are numbers each satisfying respective range of 0
[err]. Of course, the process according to the present invention Is not
limited to these special compound oxides. 5 Selection of the substrate on
which the oxide thin film is formed depends on kinds and applications of
the oxide to be deposited. The substrate and the oxide thin films can be
combined from a wide variety. In the case of superconducting tin films of
compound oxides, the substrate is preferably made of oxides, more
preferably single-crystal oxides. The preferable single crystal oxides are
MgO, [err] [err]. In a special case, a single crystal of semiconductors
such as silicon may be used. 10  Although the process according to the
present invention can be carried out by any vacuum evaporation technique
including vacuum deposition method, sputtering method, ion-plating method
or the like, the process according to the present invention is advantageous
when superconducting thin films of compound oxide whose oxygen content is
critical is prepared by the MBE method in which the control of oxygen
supply is difficult. in the MBE method, constituent elements of an oxide to
be deposited are evaporated by means of Kunud- 15 sen Cells (K-cells) while
activated oxygen gas, as a reaction gas, is supplied In the neighbourhood
of a surface of the substrate. As stated above, In prior art, it was
difficult to handle or control the activated oxygen excited by microwave.
The present invention resides in that a mixed gas of [err] and [err] which
is excited by microwave is supplied In the neighbourhood of a substrate at
the same time as a thin film of oxide is deposited by a vacuum evap- 20
oration method, particularly by the MBE method. Following advantages are
expected by using the mixed gas of [err] and [err]: (1) A stable plasma can
be created by microwave discharge even in such a very low pressure as
several tens [err] (hundreds milli-Torr) to several hundreds Pa (Torr)
which is indispensable to maintain necessary vacuum in a chamber, and 25
(2) The amount of activated oxygen which will arrive at the substrate
increase because a zone in which the plasma is generated becomes wider In
comparison with a case when oxygen gas is used (namely, the plasma zone
becomes longer in a pipe in which the plasma is created). From these
advantages, the process according to the present invention is particularly
effective for prep- aration of thin films of oxide superconductors which
are very sensitive to the oxygen contents. 30     A proportion of [err] is
preferably in a range of 5 to 80 % by volume. If the proportion of N2 is
less than 5 %, substantially no advantage of the present invention over the
prior arts in which oxygen alone is used will be obtained. To the contrary,
if the proportion of N2 exceeds 80 %, a proportion of [err] becomes too
small to con- tribute actual reaction and the properties of the thin film
obtained are rather deteriorated. 



The flow rate of the mixed gas of [err] and N2 depends on the power of an
evacuation system used but Is 35 preferably in a range of 0.1 to 50 cc/min.
The process according to the present invention can be performed very easily
by replacing oxygen gas which was used as a reaction gas in the prior art
by the mixed gas of [err] and [err],with substantially no change of the
conventional film formation unit. Conditions for preparing thin films in a
MBE unit will be shown below but are mere examples for special 40 cases. It
is apparent that persons skilled in the art can select the optimum
conditions depending on combin- ations of the oxide thin films and the
substrate. Example of film forming conditions Substrate temperature
550 to 800 [err] Deposition rate                :      [err] 50   Power of
microwave                   50 to 500 W Pressure in a chamber
[er]r Pressure in a zone where 55   a plasma is created            :
1,33 to 666,45 Pa (err) Reaction gas flow rate         :    0.1 to 50
cc/min 3    EP 0 412 007 B1 Brief Description of the drawings FIG. 1 is an
Illustrative view of a MBE unit for carrying out the process according to
the present invention. The process according to the present invention can
be carried out in the MBE unit shown in Fig. 1. The MBEunitshowninFig.
comprisesachamber 1 interiorofwhichisevacuatedtoveryhighvacuumaplurality of
Kunudsen Cells (K-cells) 2 each of which can control a temperature of a
vapour source 10 placed therein,. a plurality of shutters 8 for controlling
the amount or timing of each vapour source 10, a substrate holder 3
provided with a heater 4 for heating a substrate 5, and a reaction gas
supply pipe 6 through which a reaction gas is supplied and being opened In
the neighbourhood of a surface of the substrate 5. The reaction gas is 10
excted by microwave discharge generated by a microwave source 7. .     Now,
the present invention will be described with reference to the following
Example, but the scope of the invention should not be limited to said
Example Example 15 Asuperconducting thin film of compound oxide according
to the present invention of [err]was deposited on a {100) plane of a MgO
single crystal substrate by the molecular beam epitaxy (MBE) unit illu-
strated In Fig. 1, with supplying a gas mixture of [err] and [err]
according to the present Invention. Six samples (1) to (6) of thin films
were prepared under the following common conditions but proportions 20  of
[err] and N2 by volume were changed as are shown In Table 1: Vapour sources
(temperature)             elemental Y (pellet) [err] elemental Ba (pellet)
[err] elemental Cu (pellet) [err] 30      Substrate temperature
[err] Deposition rate                          :       [err] Pressure in
the chamber                          [err] 



Pressure in plasma generation zone  :           40 Pa (300 milli-Torr)
Power of microwave                        :   100 W 40       Flow rate of
reaction gas                       0.5 cc/min 40 Film thickness
:      [err] The critical temperature (Tc) and the critical current density
(Jc) determined on the resulting supercon- 45  ducting thin films are
summarized in Table 1. 50 55 4    EP 0 412 007 B1 Table 1 6      Sample
Reaction Gas                     Tc          Jc (at 77K) No           2 (%)
[err] (% )(K)                        (A/[err]) 10 1*                   99
1              72   '    9.2 x 103 2             92                   8
86            1.2 x 106 3             80                  20
88            1.8 x 106 15 4             50                  50
85            3.2x 106 5             30                  70              89
2.3 x 106 20        6*             15                   85             75
1.8 x104 (note)        1* and 6* are comparative 25 From the Example, itwas
confirmed that superconducting thin films of compound oxides having high
crit- ical temperatures (Tc) and high critical current densities can be
produced. Although the present invention Is described in details with
referring to oxide superconductors, the process according to the present
invention Is apparently applicable to the other oxides. 30 Claims 1.  A
process for preparing an oxide thin film on a substrate (5) by a vacuum
evaporation method with an 35      oxygen-containing gas excited by
microwave discharge (7) being Introduced in the neighbourhood of the
substrate, characterized in that said oxygen-containing gas Is a mixed gas
of [err] and N2. 2.  The process set forth In Claim 1 wherein said vacuum
evaporation method is molecular beam epitaxy (MBE). 40 3.  The process set
forth in Claim 1 or 2 wherein the flow rate of said oxygen-containing gas
is within a range of 0.1 to 50 cc/min. 4.  The process set forth in any one
of Claim 1 to 3 wherein the proportion of N2 is between 5 and 80 % by
volume. 5. The process set forth In any one of Claim 1 to 4 wherein the
pressure in the vacuum chamber is within a rangeof [er]r 6. The process set
forth In any one of Claim 1 to 5 wherein the deposition rate Is within a
range of [err]to 



50       [err]m/sec (0.1 to 10 A/sec). 7.  The process set forth in any one
of Claim 1 to 6 wherein the substrate temperature is within a range of 550
to [err]. 55   8.  The process set forth in any one of Claim 1 to 7 wherein
the power of the microwave for exciting the gas is within a range of 50 to
500 W. 9.  The process set forth in any one of Claim 1 to 8 wherein the
substrate is of a single crystal of oxide. 5    EP 0 412 007 B1 Table 1
Sample               Reaction Gas                     Tc          Jc (at
77K) No                 [err]   (%)              [err] (%)          (K)
(A/[err]) 1*                              1*  99               1
72            9.2 x 103 2             92                  8              86
1.2 x 106 3             80                  20             88
1.8 x 106 4             50                  50             85
3.2 x 106 5             30                  70             89
2.3 x [err] 20   6*             15                  85             75
1.8x[err] (note)        1* and 6* are comparative 26 From the Example, it
was confirmed that superconducting thin films of compound oxides having
high crit- ical temperatures (Tc) and high critical current densities can
be produced. Although the present invention is described in details with
referring to oxide superconductors, the process according to the present
invention is apparently applicable to the other oxides. Claims 1. A process
for preparing an oxide thin film on a substrate (5) by a vacuum evaporation
method with an 35      oxygen-containing gas excited by microwave discharge
(7) being introduced .in the neighbourhood of the substrate, characterized
in that said oxygen-containing gas is a mixed gas of [err] and [err]. 2.
The process set forth in Claim 1 wherein said vacuum evaporation method is
molecular beam epitaxy (MBE). 40 3.  The process set forth in Claim 1 or 2
wherein the flow rate of said oxygen-containing gas is within a range of
0.1 to 50 c/min. 4. The process set forth In any one of Claim 1 to 3
wherein the proportion of N2 is between 5 and 80 % by 45      volume. 5.
The process set forth in any one of Claim 1 to 4 wherein the pressure in
the vacuum chamber is within a range of[err]. 6.  The process set forth in
any one of Claim 1 to 5 wherein the deposition rate is within a range of
[err]to 50      [err]. 7. The process set forth in any one of Clalm 1 to 6
wherein the substrate temperature is within a range of 550 to [err]. 55
8. The process set forth in any one of Claim 1 to 7 wherein the power of
the microwave for exciting the gas is within a range of 50 to 500 W. 



9.  The process set forth in any one of Claim 1 to 8 wherein the substrate
is of a single crystal of oxide. 5 I 1111111111111111111111111    EP 0 412
007 B1 10. The process setforth in Claim 9 wherein the substrate is a
single crystal of oxide selected from the group -  comprising MgO,[err].
11. The process set forth in any one of Claim 1 to 10 wherein the oxide
thin film is a superconducting thin 6  film of compound oxide. 12. The
process set forth in Claim 11 wherein said compound oxide has a composition
represented by the general formula: 10     in which "a" stands for Sr or
Ba, and "x" and"y" are numbers each satisfying respective range of [err] 1
and [err]. 13. The process set forth in Claim 11 wherein said compound
oxide has a composition represented by the general formula: in which "Ln"
stands for at least one element selected from a group comprising La, Ce,
Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Y. Er, Tm, Yb and Lu, and "z" Is a number
satisfying a range of [err]. 14 The process setforth in Claim 13 wherein
said compound oxide has a crystal structure of perovskite type or layered
perovskite type. 20 15. The process set forth in Claim 11 wherein said
compound oxide has a composition represented by the general formula: [err]
in which "x", "m", "n", "p" and "y" are numbers each satisfying ranges of
[err] 25      and [err], respectively and p = (6+m+n). Patentasprfiche
Verfahren zur Hersteilung eines dflnnen Oxidfilms auf einem Substrat (5)
durch ein Vakuumverdamp- fungsverfahren, bel dam eh durch eine
Mlkrowellenentladung (7) angeregtes sauerstoffhaltiges Gas In derNiheades
Substratseingefffihrtwird, dadurch gekennzeichndt, dagdas sauerstoffhaltige
Gas dn Gas- gemisch aus 02 und N2 ist. 3s  2. Verfahren nach Anspruch 1,
bei dem das Vakuumverdampfungsverfahren eine Molekularstrahlepitaxie (MBE)
ist 3. Verfahren nach Anspruch 1 oder 2, bel dem die
Durchflugigeschwindigkeit des sauerstoffhaltigen Gases Im Berebch von 0,1
bis 50 cc/min iegLt 40 -        4. Verfahren nach elnem der Ansprflche I
bis 3, bel dam der Antell an N2 zwischen 5 und 80 Volumen-% betragt. 5.
Verfahren nach elnem der AnsprOche I bM 4, bei dem der Druck In der
Vakuumkammer im Berelch von 1,33 x 10-4 bis 1,33 x 102 Pa liegt (1,0 x 10-4
bls 1,0 x 10-4 Torr). 6. Verfahren nach elnem der Ansprflche I bis 5, bel
dem die Abschelderate im Berelch von 10-11 bis 10I nmisec (0,1 bis 10
Ajeec) liegt. 7. Verfahren nach elnem der Anspr0che I bls 6. be! dam die
Substrattemperatur Im Berelch von 550 bls - 0 SD  800 C liegt. 



8. Verfahren nach einem der Ansprfche I bis 7, bel dem die Lelstung der
Mikrowelle zur Gasanregung Im Bereich von 60 bis 500 W Iegtg 55  9.
Verfahren nach elnem der Anspriche t bis 8, bel dem das Substrat ain
Oxid-Einkristall ist. 10. Verfahren nach Anspruch 9, bel dam das Substrat
ein Oxid-Einkristall ist ausgewghit aus der Gruppe um- fassend MgO, SrllO3,
LaGaO3, NdGaO3, LaAI03 und YSZ. 61........L    EP 0 412 007 B1 11.
Verfahren nach elnem derAnsprnlche 1 bis 10, bel dem derdfinne Oxidfilm sin
supraeiitenderdOnner Fim aws Verbundoxid ist. 12. Verfahren nach Anspruch
II, bel dem das Verbundoxid sine Zusammensetzung aufweist die durch die ;
6    foigende allgemelne Formel gegeben ist: (Lai - X  2CuO4 -Y
wobeliferSroderBastehtundxundyZahloneindwelch.dieBereiche O5x I bzwO5yc
erfillen. 13. Verfahren nach Anspruch 11, bel dem des Verbundoxid sine
Zusammensetzung aufweist die durch die *0   .    10     foigende aligemeine
Formel gegeben ist Ln-Ba2CU307 - wobel Ln fOr wenigstens sin Element steht
das ausgewAhit ist aus einer Gruppe urnfassend La, Ce, Pr, Nd, Sm, Eu, Gd,
Tb, Dy, iHto, Y. Er, Tm, Yb und Lu und z eins Zahl ist im Bereich 0 5 z c
1. 14. Verfahren nach Anspruch 13, be! dem das Verbundoxid sine
Kristallstruktur vom Perovskit-Typ oder ge- schichteten Perovskit-Typ
aufwebst. 15. Verfahren nach Anspruch 11, bei dem des Verbundoxid sine
Zusammensetzung aufwelst die durch die folgende allgemeine Formel gegeben
ist *h~J  20iwobel x, m, n, p und y zahien sind die B4(Sri x- Ca,)mCu.Op +
y wobel x, m, n, p und y zahlen sind die dle folgenden enteprechenden
Bereiche erffillen: 6 5 m 5 10, 4 5 n s 8, 0  x c 1, -2 5 y s +2 bzw.
p=(6+men). Revendications 1. Proc6d6 pour preparer une pellicule mince
d'oxyde sur un substrat (5) au moyen d'un proc6de d'evapo- ration
sousvideavec un gaz contenant de l'oxygbne excit6 parune d6charge de
micro-ondes (7) laquelle estihtroduite au voiainage du substrat,
caracterise en ceque leditgaz contenantde Iboxygbne est un gaz mixte d'02
et de N2. 2. Procfd6 selon la revendication 1, dane lequel le proc6d6
d'6vaporation sous vide est une 6pitaxle de fals- ceau mol6culaire (EFM).
.3. Proc6d solon Ia revendication I ou la revendication 2, dane lequel le
d6bit dudit gaz contenant de I'Oy-. -   35   gene est compris dans la
gamin. de 0,1 a 50 cclmn. 4. Procedeselon l'une quelconque des
revendications I A 3, dane loquei la proportion de N2 est comprise entre 5
et 80% en volume. 5. Proc6db solon INune quelconque des revendications 1 A
4, dons loquel la pression dane la chambre sous vide est comprise dans la
gammi de 1,33 x 10-4 A 1,33 x 10-2 Pa (1,6 x 10 e A 1,0 x 10-4 torr). 6.
Proced6 selon l'une quelconque des revendications I b 5, dane lequel la
vitesse de d6pot set comprise dans la gamm. do 10-" a 10A   mIs (0,1 A 10
A/s). 4S  7. Procede salon lune quelconque des revendications I A 6, dane
loquel la temperature du substrat est comprise dens la gamme de 550 A 800C.



8. Proc6d6 selon lNune quelconque des revendications I A 7, dans lequel la
puissance de la micro-onde pour exciter le gaz est comprise dans la gamm.
de 50 A 500 W. 50 9. Procede salon lNune queloonque des revendications I A
8, dane lequel Is substrat set un cristal unique d'oxyde. 10. Procede solon
la revendicatlon 9, dans loquel le substrat estun cristal unique d'oxyde
choisi parmi le grou- 55      pe comprenant MgO, SrTiO3, LaGaO3, NdGaOs,
LaAiO3 ou YSZ. 11. Proc6de solon l'une quelconque des revendications 1 a
10, dane lequel la pellicule mince d'oxyde est une pellicule mince
supraconductrice d'oxyde compose. 7    EP 0 412 007 B1 12. Proced6 salon la
revendication 11, dans lequel l'oxyde compos6 a une composition repr6sent6e
par la formule g6qnrale: (La1 x-  cU 04 -y dans laquelle "cc represente Sr
ou Ba et wx et yu sont des chiffres compris respectivement chacun dans 5
laagamme:O x  1 et 0yc1. I3 Procede solon la revendlcation 11, dans lequel
ledit oxyde compos6 a une composition repr6sent6o par la formule g6n6rale:
-           LnBa2Cu307. dans lauele wLn" represente au moins un element
choisl dans Is group. comprenant La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Y.
Er, Tm, Yb et Lu et Wz est un chiffre compris dans la garnre de O 5 z ~c 1.
1 Proced6 selon la revendlcatlon 13, dans lequel ledit oxyde compose6
pr6sente une structure cristalline du type perovskite ou du type perovskite
& couches. 15. Proc6d6 solon la revendication 11, dans lequel ledit oxyde
compose a une composition repr6sent6e. par la formula g6ndrale: B14(sr1 xi
CA JmCunOp+ y dans laquelle Wx, m, n", p", et Y sont des chiffres compris
chacun dans les gammes de 6 5 m 5 10, 4 s n ; 8 o c x < 1 et -2 5 y S +2
respectivement et p(6+m+n). 25 30 35 40 45 60 56 8 8
Ilil~~~~lli~   L11 IIIM 111    


