
EP 0 292 387 B1 Description Background of the Invention 5  Field of the
invention The present invention relates to a method for producing a
superconducting circuit. More particularly, it relates to a method for
producing a circuit pattern of a superconductor having a high critical
temperature which is used in the field of electronics. 10 Description of
the related art The superconductivity is a phenomenon which is understood
as a phenomenon of phase change of electrons under which the electrical
resistance become zero and the perfect diamagnetism Is observed. 15  Thus,
under the superconducting condition, electric current of a very high
current density can be delivered without any loss of power. Therefore, the
power loss in circuits used in the field of electronics can be reduced
greatly. It is also expected to utilize the superconductor in the field of
a high sensitive sensors or detectors for sensing very weak magnetic field,
microwave, radiant ray or the like. However, the critical temperature could
not exceed 23.2 K of [err] which was the the highest Tc 20  heretofore 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 Miller who discovered a new oxide type superconductor in 1986 [Z. Phys.
B64 (1986) 189] It had been known that certain ceramics material of
compound oxides exhibit the property of 25  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.
These type superconductors, however, possess a rather lower transition
temperature of about 10 K and hence usage of liquidized helium (boiling
point of 4.2 K) as cryogen is indispensable to realize superconductivity.
30     This new oxide type superconducting material discovered by Bednorz
and MUller is [La, Ba][err] which is called as the [err]-type oxide having
a crystal structure which is similar to known perovskite type oxides. The
[err]-type oxides show such higher Tc as 30 K which are extremely higher
than the known superconducting materials. It was also reported in the news
parer that C. W. Chu et al discovered in the United States of America 35
another type of superconducting material having the critical temperature of
in the order of 90 K in February 1987, and hence possibility of existence
of high-temperature superconductors have burst on the scene. However, the
above mentioned new type superconducting materials which was just born and
which are presumed to be classified in the perovskite crystals of
La-Ba-Cu-O system and Y-Ba-Cu-O system have been  studied and developed
mainly in a form of sintered articles. In already known methods, the 40
superconducting materials are compacted in a metal pipe and then are drawn
to produce a superconducting wire or they are blended with organic binder
to prepare a paste for circuit printing.  These method, however, include
inevitably the final sintering stage of the superconducting material shaped
into a wire-form or a layered form, so that higher dimensional stability of
the sintered product can not be expected due to shrinkage which occur
during the sintering operation and it is difficult to produce a variety of
articles having 45  desired configuration freely and precisely. In other
words, a finely patterned circuit for electronics devices can not be
produced by the conventional methods. Still more, the products do not
possess satisfactory properties of superconductivity because the oxygen
contents which is one of the critical factors of this type of
superconductor can not be controlled or adjusted to an optimum value for
realizing higher critical temperature. 50     It may be also used a variety
of vapour phase deposition techniques to produce a thin film of
superconductor which is applicable to electric circuits having fine
patterns. In fact, in these techniques, it is possible to deposit the
superconducting material on a substrate to produce a fine circuit pattern
by means of a masking sheet. Such superconducting circuit pattern may be
produced also by the ion-etching or ion- sputtering technique in which
predetermined portions of the thin film of superconductor deposited on the
55  substrate is cut or removed to leave a circuit pattern. 



However, in the conventional sputtering technique for preparing a thin film
of superconductor, sputtering must be carried out in the presence of oxygen
gas added in a sputtering gas and also the substrate must be heated at such
a temperature that an improved crystalline structure is obtained. Still
more, the resulting 3    EP 0 292 387 B1 sputtered film must be
heat-treated in an atmosphere containing oxygen gas to increase the oxygen
contents in the thin film. For example, in Japanese patent laid-open No.
56-109824 which discloses a method for preparing a thin film of
superconductor represented by [err] (in which 0.05 [err] x [err] 0.35),
high-frequency sputtering is carried out in an oxygen containing atmosphere
and then the resulting film 5  must be further heated at 500 to 550 [err].
We also described sputtering conditions for preparing superconducting thin
films by the sputtering technique in co-pending United States patent serial
No. 152,714 filed on May 2, 1988. The abovementioned conventional
sputtering technique itself is satisfactory but is difficult to control the
nature of gas in the atmosphere, resulting in that the crystal structure in
a thin film obtained can not be 10  controlled precisely. Still more, it is
not only difficult to perform the patterning operation of superconducting
circuits easily and precisely on the thin film produced by the
abovementioned sputtering technique but impossible to provide a
superconducting circuit of high quality. Therefore, the abovementioned
conventional techniques are not suitable for production of patterned 15
superconducting circuit on a substrate. European patent application n * 0
292 387 which falls within the terms of Article 54 (3) EPC discloses a
method for producing a superconducting circuit pattern. Said method is
characterised by irradiating specific area of 'an oxide compound film with
an oxygen ion beam to convert said irradiated area into a superconductor.
Said material is further heat treated during and/or after the irradiation.
20     An object of the present invention is to overcome the abovementioned
problems of the conventional technique and to provide a simple method for
producing a fine superconducting circuit pattern having improved
superconducting property on a substrate. Summary of the Invention 25
According to the present invention, a material composed of compound oxide
is irradiated by an ion beam to convert the material to a superconductor.
The material is irradiated by a focused irradiation of the ion beam to
produce a patterned superconducting circuit. According to the present
invention, it is provided a method for producing a superconducting circuit
30  pattern by the steps of depositing a film layer of compound oxide on a
substrate, and directing a focused ion beam onto desired areas on said film
layer so that the areas irradiated with said ion beam are converted to a
superconductor, said ion beam being an ion beam of oxygen, inert gas or a
mixture of oxygen gas and the inert gas and the superconductor being a
compound oxide represented by one of the general formula (I) or (II) as
explained hereafter 35     The term of " a material composed of compound
oxide " means an compound oxide which does not exhibit satisfactory
superconducting property but can be changed to a superconductor after the
irradiation of ion beam. The material composed of compound oxide which can
be applicable to the present invention includes oxide type ceramics such as
Y-Ba-Cu-0 system, Y-Sr-Cu-0 system, La-Ba-Cu-0 system and La-Sr-Cu-0
system. More generally, they belong to compound oxides including an element
a selected from lla group of the Periodic Table, an element [err] selected
from IIIa group of the Periodic Table and copper (Cu). These constituent
elements can be substituted partially by at least one of elements selected
from a group comprising Al, Fe, Co, Ni, Zn, Ag and Ti. Selection of an
atomic ratio of a to [err] depend on combination of elements. For example,
in cases of Ba- 46  Y system, Ba-La system and Sr-La system, the following
ratios are preferable: 



Y/(Ba + Y) system:    0.06 to 0.94, preferably 0.1 to 0.4 Ba/(Ba + La)
system:  0.04 to 0.96, preferably 0.08 to 0.45 Sr/(La + Sr) system:   0.03
- 0.95, preferably 0.05 - 0.1 When the atom ratios are not within the
abovementioned range, high Tc can not be observed because the optimum
conditions of crystal structure and oxygen deficiency can not be obtained.
The element a selected from [err] group of the Periodic Table is preferably
Ba or Sr. The element [err] 55  selected from IIIa group of the Periodic
Table is preferably Y, La, Gd, Dy, Ho, Er, Tm, Yb, Nd, Sm or Eu or
combinations of these elements. The superconductor produced according to
the present invention from the abovementioned material is a compound oxide
represented by the formula: 4    EP 0 292 387 B1 [err] in which a and [err]
means the same definition as above, x is an atomic ratio of [err] withe
respect to (a + [err]) 5  having a range of 0.1 [err] x [err] 0.9, and y
and z are respective atomic ratios with respect to [err] which is
considered to be equal to 1 and each satisfy ranges of 0.4 [err] y [err]
3.0 and 1 [err] z [err] 5 respectively, and include the following special
systems: [err] 10                      [err] [err] [err] [err] 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 oxidesi and includes an orthorhombically distorted 20
perovskite or a distorted oxygen-deficient perovskite or the like. The
material composed of compound oxide taking a form of a bulky mass can be
prepared by sintering directly or through a preliminarily sintering stage a
powder mixture of oxide and/or carbonate of constituent elements of said
material. If necessary, binder may be added to the powder mixture to
produce a paste which is sintered later. 25     Selection of the sintering
temperature and the preliminary sintering temperature depend on combina-
tions of elements. In case of the abovementioned special combinations, they
can be selected from the following rang: 30                    system
Preliminary sintering temp.   Final sintering temp. Ba-Y      from [err]
from [err] Ba-La     from [err]    from [err] Sr-La     from [err]    from
[err] The present invention may be further applicable to the other types of
compound oxides including the following system: [err] 40 in which [err]
stands for BI or TI, [err] stands for Sr when e is BI and stands for Ba
when e is TI, m and n are numbers each satisfying ranges of 6 [err] m [err]
10 and 4 [err] n [err] 8 respectively, p = (31 + 2m + 2n)/2, q is a number
which satisfies a range of 0 < q < 1, and r is a number which satisfies a
range of -2 [err] r [err] + 2. This system is considered to be a single
phase of the following compound oxide or a mixed phase consisting mainly
thereof: [err] [err] 



in which r is a number which satisfies a range of -2 [err] r [err] + 2. The
material composed of compound oxide may have a form of a bulky mass such as
a block or rod, a form of a self-supporting sheet such as a plate or a
film, or a form of a thin film deposited on a substrate. The material
having in a form of the bulky mass can be prepared usually by powder
sintering technique. The sintering is performed generally without any
binder but can be effected with adding a binder if necessary. When the
material composed of compound oxide takes a form of a film layer, it may be
prepared on a substrate by physical vapour deposition technique such as
sputtering, ion-plating, molecular beam epitaxial growth or the like or by
chemical deposition technique such as CVD. 5    EP 0 292 387 B1 The ion
beam usable in the present invention is selected from oxygen ion beam,
inert gas ion beam and an ion beam consisting of a mixture of oxygen gas
and inert gas. When the oxygen ion beam is used, adequate oxygen can be
introduced into or supplied to the material of compound oxide so that an
oxygen deficient crystal structure which is preferable for the compound
oxide 5  type superconductor may be realized. In fact, irradiation of the
oxygen ion beam create a density gradient of oxygen in the direction of
depth so that the optimum oxygen contents can be realized in the material.
In other words, since a range of the optimum values of oxygen contents is
rather narrow, the conventional sintering technique can not produce or is
difficult to produce a superior superconductor having the optimum value of
oxygen contents but result in lower Tc and unstable superconducting
condition. The oxygen ion 10 beam is preferably composed of ionized 0 or
[err] produced from [err] or [err] gas. According to the present invention,
inert gases such as argon gas can be also used though the reason why the
superconducting property can be improved by the inert gases. In this case,
re-ordering of crystal structure may occur in the material of compound
oxide by activation energy given by irradiation of these gases so that a
preferable crystal structure is realized. 15    The ion beam can be emitted
from one of ion sources selected from a radio-frequency ion source, a
microwave ion source and a PIG type ion source and since the focused ion
beam is directed to predetermined areas on the film layer of compound
oxide, only irradiated areas can be converted locally into a superconductor
which exhibit superior superconducting property at a predetermined
temperature owing to improvement in the crystal structure in the film, so
that a circuit pattern of superconductor can be 20 produced. In practice,
the circuit pattern may be drawn by scanning the focussed ion beam or by
irradiating the film layer through a patterned mask film or photoresist by
the ion beam so that a predetermined area of the film layer is converted
into a superconductor. According to one embodiment, one of ion beams
selected from oxygen ion beam, inert gas ion beam and an ion beam
consisting of a mixture of oxygen gas and inert gas is focused on a
material composed of 25 compound oxide whose oxygen contents is
insufficient for realizing superconductivity. For example, a film layer of
an oxide which is ordinary electro-conductor or insulator is irradiated
locally by an ion beam so that only irradiated area is changed to a
superconductor while non-irradiated area is left unchanged in the condition
of ordinary electro-conductor or insulator in order to produce a
superconducting circuit pattern. According to one preferred embodiment,
heat-treatment is effected in an atmosphere containing oxygen 30 after the
ion-irradiation or oxygen doping. In practice, after the material is
irradiated by oxygen ion, the irradiated oxide is further heated at a
temperature of more than [err] for more than 3 hours and then cooled slowly
at a cooling speed of less than 10 C/min, preferably less than 1   C/min.
The heat-treatment is preferably carried out in oxygen containing
atmosphere at the partial pressure of oxygen which is higher than 0. 1 atm,
preferably higher than 1 atm. The heat-treatment can increase
homogeneousness of the 35 oxide and ensure optimum of oxygen deficiency due
to diffusion of doped oxygen, resulting in that AT (the discrepancy between
the onset temperature and the critical temperature) can be reduced. The
abovementioned heat-treatment for the material or the film may be performed
during the material or the film is irradiated by the oxygen ion beam or
even before the irradiation. This heat-treatment permit to 



increase the oxygen contents in the material or film layer and to improve
the crystal structure thereof. Now, the present invention will be described
with reference to attached drawings which illustrate an apparatus used for
carrying out the present invention and a procedure for producing a
superconducting circuit pattern according to the present invention but are
not limitative of the present invention. Brief Description of the drawing
45 FIG. 1 is an illustrative view of a RF (radio-frequency) type ion
irradiation apparatus which can be used in the present invention. FIG. 2 is
an illustrative view of a circuit pattern produced according to an
embodiment of the present invention. so     FIG. 3, 4 and 5 are partial
perspective views which illustrate a series of steps for producing a
superconducting circuit pattern on a compound oxide deposited on a
substrate according to the present invention. FIG. 6 and 7 are illustrative
views of a superconducting circuit pattern for determining the performance
superconducting property which is produced according to another embodiment
of the present invention. 55     Referring to FIG. 1 which illustrates a RF
type ion irradiation apparatus including a chamber 1 and an ion source
arranged on the chamber 1 and comprising a high-frequency coil 3, a
high-frequency power source 4, an ion drawing-in electrode 9 and a
electrostatic lens 8. The chamber 1 is provided with a vacuum port 7
connected to a vacuum source (not shown) and a gas inlet port 6 for
introducing a gas such    EP 0 292 387 B1 as [err] to be ionized into the
ion source. In operation, after a material of compound oxide 2 is placed in
the chamber 1, vacuum is created in the chamber 1 and in the ion source and
then a gas such as 02 to be ionized is introduced into the ion source.
High-frequency power is applied to the high-frequency coil of the ion
source and an acceleration voltage is 5  imposed on the ion drawing-in
electrode 9 so that ionized gas or an ion beam is drawn from the ion source
and is directed onto the compound oxide 2. When the ion beam is not
converged into a form of a narrow ion beam, the whole surface of the
compound oxide 2 can be irradiated uniformly so that the compound oxide in
total is uniformly changed into a superconductor. 10     When the ion beam
is converged into a narrow ion beam which is scanned along a predetermined
pattern on the flint layer of compound oxide, a patterned circuit of
superconductor can be produced. Now, we will describe a series of steps for
producing a superconducting circuit pattern on a compound oxide deposited
on a substrate in reference with Fig. 3, 4 and 5. In practice, a thin film
20 of compound oxide Is deposited on a substrate 10 by means of the 15
conventional sputtering technique (Fig. 3). The thin film 20 as deposited
condition exhibits a nature of insulator or ordinal conductor which has
higher electric resistance because the oxygen contents in the film is not
enough to realize the superconductivity or because the resulting film does
not possess a desirable perovskit crystal structure. Therefore, a converged
or focused ion beam of oxygen 30 is directed to a predetermined area 30a 20
which will be used as wiring lines or conducive lines on the thin film 20
under an acceleration voltage at an order of 10 to 50 KeV and is moved in a
direction shown by an arrow in Fig. 4 along a predetermined pattern, so
that the doped area 30a irradiated by the oxygen ion beam 30 is subjected
to locally non- equibrated heat-treatment which increase the oxygen
contents in the film and hence which improve the crystal structure of the
film locally. 25     Fig. 5 shows a circuit pattern formed on the substrate
10 by the abovementioned process. The circuit pattern comprises a fine
superconducting wiring line zone 20a which has a width corresponding to an
diameter of the ion beam or the doped area 30a and which exhibits
superconducting property under a predetermined temperature, and a high
resistance zone 20b which does not corresponds to the irradiated area 30a
and which is composed of ordinal conductor having higher electric
resistance under the 



30  predetermined temperature. In conclusion, the resulting superconductor
obtained by the abovementioned process possesses such stable and higher Tc
and Tcf that make it possible to use liquidized nitrogen as cryogen. This
advantageous merit is obtained by the special condition that permit to
produce a superconducting compound oxide having the perovskite type or
quasi-perovskite type crystal structure which is thought to be a critical
factor to 35  realize superconductivity. Still more, the superconducting
circuit pattern can be produced by the locally limited ion beam irradiation
for realizing the abovementioned special condition of thermal treatment
locally at a predeter- mined area. The resulting superconducting circuit
pattern can be used at higher Tc and Tcf and hence is applicable to a
variety of devices used in the field of electronics, since the fine and
precise superconducting 40  circuit pattern can be produced easily. Now,
the process according to the present invention will be described with
reference to illustrative Examples, but the scope of the present invention
should not be limited thereto. Example 1 45 A superconductor was produced
by using a RF type ion irradiation apparatus shown in Fig. 1. At first,
powders of [err] and [err]were mixed at an atom ratio of Y: Ba = 1 : 2 and
then a powder of CuO was added to the resulting powder mixture at an atom
ratio of Y: Ba : Cu = 1 : 2: 3. Then, the resulting powder mixture was
sintered at  [err] to obtain a sintered block of [err] having a so
dimension of 20 x 30 x 3 mm. After the block 2 was placed in the chamber 1,
the pressure in the chamber 1 was reduced to 133-10-7 Pa ([err] Torr),
oxygen gas of [err] Pa (1.0 x [err] Torr) was introduced into the ion
source. Then, the high-frequency coil is energized by high-frequency at a
power of 50 W and an acceleration voltage of 200 kV was applied to the ion
drawing-in electrode. 55     Tc and Tcf measured on the resulting treated
block are shown in Table 1. 7    EP 0 292 387 B1 Example 2 The same
procedure as Example 1 was repeated except that powders of [err], CaO,
[err] and CuO were mixed at an atom ratio of Bi: Ca: Sr: Cu = 2: 2 2: 3 and
then sintered at 880 * C to obtain a 5  sintered block of [err]. The result
of Tc and Tcf measured is shown in Table 1. Example 3 10    The block of
compound oxide type superconductor obtained in Example 1 was further heated
at at 850 [err] for 8 hours in an atmosphere of oxygen of 1 atm and then
cooled slowly at a cooling velocity of 7 [err]/min. The result of Tc and
Tcf measured is shown in Table 1. 15
Table 1 Example                            Ion source
Tc (K)   Tcf (K) No. Pressure of [err] Pa (Torr)  RF Power (w)
acceleration voltage (kV) 1        (1 x [err]) 133x [err]      50
200             102       89 2        (1x[err]) 133x[err]         60
200             105       90 3        (1 x [err])1 33x [err]      50
200              104      96 25 These results show that the present
invention can provide superconducting oxides possessing improved
superconducting property owing to the properly controlled crystal structure
and oxygen contents. 30  Examples 4 to 6 Superconducting thin films were
prepared by using each of the sintered blocks obtained in Examples 1, 



2 and 3 as a target in the conventional sputtering machine. On a surface of
the resulting superconducting thin film, an oxygen ion beam was moved along
a pattern 35  of a wiring line shown in Fig. 2 by actuating the
electrostatic lens 8. The condition of the ion source is shown inTable 2.
To determine electric resistance, two pairs of electrodes were connected at
points of ABC and D on the superconducting thin film (Fig.2) The measured
values of Tc (the critical temperature) and Tcf (a temperature where
resistance become 40  zero completely) on the wiring line A to B and the
resistivity between C and D are summarized in Table 2. Table 2 No. Material
Oxide              ion source               Tc (K) Tcf (K) Specific
Resistance C-D (om) Pressure of [err] Pa  RF Power (w) Acceleration (Torr)
voltage (kV) 4   Ba-Y-Cu-O  (1 x [err]) 133x [err]  50         200      102
89         9x [err] 50 5 Bi-Sr-Ca-Cu-O (1 x [err]) 133x [err]  60
200      105   90        2x[err] 6   Ba-Y-Cu-O  (1 x [err]) 133x [err]  50
200      104   96         1 x [err] 55     Table 2 shows that a pattern of
a superconducting wiring line having improved superconducting property can
be produced by changing locally the crystal structure and the oxygen
contents on a surface of non-conductive oxide film. 8    EP 0 292 387 B1
Example 7 A thin film 20 of compound oxide : [err] was deposited on a plane
of (100) of a substrate 10 made of a single crystal of [err] by the
conventional RF sputtering technique. 5     In this Example, sputtering was
carried out in a sputtering gas consisting of argon and oxygen (50:50) with
heating the substrate at 200 C. The resulting thin film showed a
composition of [err] This is an ideal proportion of elements as a
superconductor and hence the critical temperature of this film was expected
to be 90 K. But, this critical temperature could not be observed actually
because the substrate temperature was too low. The resistivity of this film
measured et 77 K (boiling point of liquidized 10 nitrogen) was 720 um.
X-ray diffraction analysis revealed that this film was an amorphous film.
Then, a focused ion beam 30 of argon gas having a beam spot diameter of 0.3
mm was directed onto the film 20 as is shown in Fig.4 at and accerelation
voltage of 7 kV with a beam current intensity of 20 mA/cm2 at a acanning
speed of 1 mm/sec. Temperature dependency of resistance of the irradiated
film was measured between E and F and 15  between E and G shown in Fig. 7
respectively. The distance between E and F was 10 mm, while the distance
between E and G was 0.2 mm. A width of the Irradiated area 30a was 0.3 mm.
The result showed that the resistance between E and F was zero while the
resistance between E and G was 3.8 Mn at a temperature of 77 K. It is
apparent from the abovementioned fact that only the irradiated area 30a was
changed to a 20  superconductor whcih ehxibited superconducting property at
a predetermined temperature of 77 K, namely a superconducting wiring line
having a width of 0.3 mm was produced. Example 8 25     The same thin film
20 of [err] as Example 7 was deposited on a plane of (100) of a substrate
10 made of a single crystal of [err] by the same RF sputtering technique,
but in this Example 8 the substrate was heated at [err]. When the same
sputtering gas (Ar/[err] = 50/50) as Example 7 was used, the resulting thin
film showed the critical temperature (Tc) of 82 K. 30     Then, the
sputtering was performed in a different sputtering gas consisting of 90 %
of argon and 10 % 



of oxygen. The resulting thin film showed a relatively lower critical
temperature of 24 K and a relatively higher resistivity of 540 nm measured
at 77 K (boiling point of liquidized nitrogen). Such a low critical
temperaure might be resulted from insufficient oxygen contents. Then, a
focused ion beam 30 of argon gas having a beam spot diameter of 0.3 mm was
directed onto 35 the film 20 as is shown in Fig.4 at an accerelation
voltage of 5 kV with a beam current intensity of 30 mA/[err] at a acanning
speed of 1 mm/sec. Temperature dependency of resistance of the irradiated
film was measured between E and F and between E and G shown in Fig. 7
respectively. The distance between E and F was 10 mm, while the distance
between E and G was 0.2 mm. A width of the irradiated area 30a was 0.3 mm.
The result showed 40  that the resistance between E  and F was zero while
the resistance between E and G was 5.9 Mn at a temperature of 77 K. It is
apparent from the abovementioned fact that the irradiated area 30a only was
changed to a superconductor possessing a superconducting property at a
predetermined temperature of 77 K, namely a superconducting wiring line
having a width of 0.3 mm was produced. 46 Example 9 The same thin film 20
of [err] as Example 8 was deposited on a plane of (100) of a substrate 10
made of a single crystal of [err] by the same RF sputtering technique, but
in this Example 9 the 50 substrate was heated at [err]. Since no sharp peak
was observed by the X-ray diffraction analysis,  it concluded that this
film has not proper crystal structure. Still more, the resulting thin film
showed a very lower critical temperature of 4.2 K and a relatively higher
resistivity of 920 nm measured at 77 K (boiling point of liquidized
nitrogen). Then, a focused ion beam 30 of oxygen gas having a beam spot
diameter of 0.3 mm was directed onto 55  the film 20 which was heated at
[err] in the same manner as Example 9 Temperature dependency of resistance
of the irradiated film was measured by the same method as Example 9. The
result showed that the resistance between E and F was zero while the
resistance between E and G was 9.8 Mn at a temperature of 77 K. 9    EP 0
292 387 B1 It is apparent from the abovementioned fact that the irradiated
area 30a only was changed to a superconductor. Example 10 A thin film which
was prepared by the same condition as Example 9 is heated at [err] for 1
hour and then cooled rapidity. Then, the same irradiation of oxygen ion
beam as Example 9 was performed. Temperature dependency of resistance of
the irradiated film was measured by the same method as 10 Example 9. The
result showed that the resistance between E and F was zero while the
resistance between E and G was 8.2 Mn at a temperature of 77 K. It is
apparent from the abovementioned fact that the irradiated area 30a only was
changed to a superconductor. 15 Claims Claims for the following Contracting
States: DE, FR, GB 1. A method for producing a superconducting circuit
pattern by the steps of depositing a film layer of compound oxide on a
substrate, and directing a focused ion beam onto desired areas on said film
layer 20     so that the areas irradiated with said ion beam are converted
to superconductor, said ion beam being an inert gas ion beam or an ion beam
consisting of a mixture of oxygen and an inert gas and the superconductor
being a compound oxide represented by one of the general formula (I) or
(II): [err] 25 



in which a is a [err]a group element, [err] is a IIIa group element, x is
an atomic ratio of [err] with respect to (a +[err]) and has a range of 0.1
< x < 0.9, and y and z are respective atomic ratios with respect to ([err])
which is considered to be equal to 1 and each satisfy ranges of 0.4 < y <
3.0 and 1 < z < 5 respectively, and 30 [err] in which e stands for Bi or
TI, [err] stands for Sr when e is Bi and stands for Ba when e is TI, m and
n are numbers each satisfying ranges of 6 < m < 10 and 4 < n < 8
respectively, p =(31 +2m +2n)/2, q is 35     a number which satisfies a
rage of 0 < q < 1, and r is a number which satisfies a range of -2 < r < +
2. 2. The method set forth in claim 1 wherein said film layer of compound
oxide is prepared by physical vapour deposition. to  3. The method set
forth in claim 1 wherein said film layer of compound oxide is a thick film
layer of sintered compound oxide which is prepared by coating followed by
sintering. 4. The method set forth in any one of claims 1 to 3 wherein said
ion beam is emitted from one of ion sources selected from a radio-frequency
ion source, a microwave ion source and a PIG type ion 45     source. 5. The
method set forth in any one of claims 1 to 4 wherein said material of
compound oxide is heat- treated before, during and/or after the irradiation
of ion beam. so  6. A process set forth in any one of claims 1 to 5 wherein
said material is a bulky mass obtained by preliminarily sintering a powder
mixture of oxide and/or carbonate of constituent elements of said material
at a temperature ranging from 220 to [err]. 7. A process set forth in any
one of claims 1 to 6, wherein said material is a bulky mass obtained by 55
preliminarily sintering a powder mixture of oxide and/or carbonate of
constituent elements of said material at a temperature ranging from 220 to
[err] and then by finally sintering the resulting preliminary sintered mass
at a temperature ranging from 700 to 1,500 C. 10    EP 0 292 387 B1 It is
apparent from the abovementioned fact that the irradiated area 30a only was
changed to a superconductor. Example 10 A thin film which was prepared by
the same condition as Example 9 is heated at [err] for 1 hour and then
cooled rapidity. Then, the same irradiation of oxygen ion beam as Example 9
was performed. Temperature dependency of resistance of the irradiated film
was measured by the same method as 10  Example 9. The result showed that
the resistance between E and F was zero while the resistance between E and
G was 8.2 Mn at a temperature of 77 K. It is apparent from the
abovementioned fact that the irradiated area 30a only was changed to a
superconductor. 15  Claims Claims for the following Contracting States: DE,
FR, GB 1. A method for producing a superconducting circuit pattern by the
steps of depositing a film layer of compound oxide on a substrate, and
directing a focused ion beam onto desired areas on said film layer 20
so that the areas irradiated with said ion beam are converted to
superconductor, said ion beam being an inert gas ion beam or an ion beam
consisting of a mixture of oxygen and an inert gas and the superconductor
being a compound oxide represented by one of the general formula (I) or
(11): [err] 25 in which a is a [err] group element, [err] is a IIIa group
element, x is an atomic ratio of [err] with respect to (a +[err]) and has a
range of 0.1 < x < 0.9, and y and z are respective atomic ratios with
respect to 



([err]) which is considered to be equal to 1 and each satisfy ranges of 0.4
< y < 3.0 and 1 < z < 5 respectively, and 30 [err] in which e stands for Bi
or TI, [err] stands for Sr when e is Bi and stands for Ba when e is TI, m
and n are numbers each satisfying ranges of 6 < m < 10 and 4 < n < 8
respectively, p = (31 + 2m + 2n)/2, q is 35     a number which satisfies a
rage of 0 < q < 1, and r is a number which satisfies a range of -2 < r < +
2. 2. The method set forth in claim 1 wherein said film layer of compound
oxide is prepared by physical vapour deposition. 10  3. The method set
forth in claim 1 wherein said film layer of compound oxide is a thick film
layer of sintered compound oxide which is prepared by coating followed by
sintering. 4. The method set forth in any one of claims 1 to 3 wherein said
ion beam is emitted from one of Ion sources selected from a radio-frequency
ion source, a microwave ion source and a PIG type ion 45     source. 5. The
method set forth in any one of claims 1 to 4 wherein said material of
compound oxide is heat- treated before, during and/or after the irradiation
of ion beam. 50  6. A process set forth in any one of claims 1 to 5 wherein
said material is a bulky mass obtained by preliminarily sintering a powder
mixture of oxide and/or carbonate of constituent elements of said material
at a temperature ranging from 220 to [err]. 7. A process set forth in any
one of claims 1 to 6, wherein said material is a bulky mass obtained by 55
preliminarily sintering a powder mixture of oxide and/or carbonate of
constituent elements of said material at a temperature ranging from 220 to
[err] and then by finally sintering the resulting preliminary sintered mass
at a temperature ranging from 700 to 1,500 C.    EP 0 292 387 B1 Claims for
the following Contracting State: NL 1. A method for producing a
superconducting circuit pattern by the steps of depositing a film layer of
compound oxide on a substrate, and directing a focused ion beam onto
desired areas on said film layer 5      so that the areas irradiated with
said ion beam are converted to superconductor, said ion beam being an
oxygen ion beam, inert gas ion beam or an ion beam consisting of a mixture
of oxygen and an inert gas and the superconductor being a compound oxide
represented by one of the general formula (I) or 10     [err] in which a is
a IIa group element, [err] is a IIIa group element, x is an atomic ratio of
[err] with respect to (a + [err] ) and has a range of 0.1 < x < 0.9,and y
and z are respective atomic ratios with respect to ([err]) which is
considered to be equal to 1 and each satisfy ranges of 0.4 < y < 3.0 and 1
< z < 5 15     respectively, and [err] in which e stands for Bi or TI,
[err] stands for Sr when e is Bi and stands for Ba when e is TI, m and n 20
are numbers each satisfying ranges of 6 < m < 10 and 4 <  n < 8
respectively, p = (31 + 2m + 2n)/2, q Is a number which satisfies a range
of 0 < q < 1, and r is a number which satisfies a range of -2 < r < +2. 2.
The method set forth in claim 1 wherein said film layer of compound oxide
is prepared by physical 25     vapour deposition. 3. The method set forth
in claim 1 wherein said film layer of compound oxide is a thick film layer
of sintered compound oxide which is prepared by coating followed by
sintering. 30  4. The method set forth in any one of claims 1 to 3 wherein
said ion beam is emitted from one of ion sources selected from a
radio-frequency ion source, a microwave ion source and a PIG type ion
source. 5. The method set forth in any one of claims 1 to 4 wherein said
material of compound oxide is heat- 35     treated before, during and/or
after the irradiation of ion beam. 



6. A process set forth in any one of claims 1 to 5 wherein said material is
a bulky mass obtained by preliminarily sintering a powder mixture of oxide
and/or carbonate of constituent elements of said material at a temperature
ranging from 220 to [err]. 40 7. A process set forth in any one of claims 1
to 6, wherein said material is a bulky mass obtained by preliminarily
sintering a powder mixture of oxide and/or carbonate of constituent
elements of said material at a temperature ranging from 220 to [err] and
then by finally sintering the resulting preliminary sintered mass at a
temperature ranging from 700 to [err]. 45 PatentarfnprOche PatentansprUche
ffur folgende Vertragsstaaten: DE, FR, GB 1. Verfahren zur Herstellung
eines supraleitenden Schaltungsmusters mittels der Schritte des Abschei- 50
dens einer filmartigen Schicht aus Verbundoxid auf elnem Substrat und des
Richtens eines fokussierten lonenbUndels auf ausgewghlte Flachen auf der
filmartigen Schicht, so daB die mit dem lonenbUndel bestrahIten FlAchen zu
Supraleitern umgewandelt werden, wobei das lonenbindel ein Edelgas-lonen-
bUndel oder ein lonenbUndel ist, das aus einem Gemisch aus Sauerstoff und
einem Edelgas besteht und wobei der Supraleiter ein Verbundoxid ist, das
durch die folgende Formel (I) oder (11) dargestellt 55     wird:
(at-,,x)CuVOz. (1)    EP 0 292 387 B1 wobel a ein Element der lla-Gruppe
ist, ,B ein Element der Illa-Gruppe ist, x das Atomverh~ltnis von ,
bezUglich (a + i) ist und im Bereich von 0,1 < x < 0,9 liegt und y und z
die entsprechenden Atomverhgltnisse bezlglich (ca-xp,) sind, welches gleich
1 gesetzt wird und welche die Bereiche 0,4 < y < 3,0 bzw. 1 < z < 5
erfUllen und 04 (4i - qCaq)mCunOp+,  (11) wobei 0 f~r Bi oder TI steht, 4
flr Sr steht, wenn 0 Bi ist und fUr Ba steht, wenn e TI ist, m und n Zahlen
sind, welche die Bereiche 6 < rn < 10 bzw. 4 < n < 8 erfOllen, p = (31
+2m+2n)12 ist, q elne 10     Zahl ist, welche den Bereich 0 < q < 1 er) 1lt
und r eine Zahl ist, welche den Bereich -2 < r < +2 erfUllt. 2. Verfahren
nach Anspruch 1 bei dem die filmartige Schicht aus Verbundoxid durch
physikalische Dampfabscheidung hergestellt wird. 1S 3. Verfahren nach
Anspruch 1, bei dem die filmartige. Schicht aus Verbundoxid elne dicke
filmartige Schicht aus gesintertem Verbundoxid ist, welche durch
Beschichten gefolgt von Sintern hergestellt wird. 20  4. Verfahren nach
einem der Ansprache 1 bis 3, be! dem das lonenbOndel aus einer lonenquelle
abgestrahlt wird, welche ausgewihit ist aus elner
Radlofrequenz-lonenquelle, einer Mlkrowellen-lonen- quelle und einer
PIG-lonenquelle. 5. Verfahren nach einem der Anspriche 1 bis 4, be! dem das
Material des Verbundoxids vor, wihrend 25     und/oder nach der Bestrahlung
mit dem lonenblndel wdrmebehandelt wird. 6. Verfahren nach einem der
AnsprUche 1 bis 5, bei dem das Material ein Schtlttgut ist, das durch
vorlaufiges Sintern eines Pulvergemisches aus Oxiden und/oder Carbonaten
der das Material bildenden Elemente erhalten wird, bel einer Temperatur im
Bereich von 220 bis 1260- C. 30 7. Verfahren nach einem der Ansproche 1 bis
6, be! dem das Material ein SchUttgut ist, das durch voridufiges Sintern
eines Pulvergamisches aus Oxiden und/oder Carbonaten der das Material
bildenden Elemente erhalten wird, bei einer Temperatur im Bereich von 220
bis 1260- C mit endgOltigem Sintern der so erhaltenen, vorldufig
gesinterten Masse bei einer Temperatur im Bereich zwischen 700 und 35
1500-C. 



PatentansprUche fUr folgenden Vertragsstaat: NL 1. Verfahren zur
Herstellung eanes supraleitenden Schaltungsmusters mittels der Schritte des
Abschei- 40     dens einer filmartigen Schicht aus Verbundoxid auf einem
Substrat und des Richtens eines fokussierten lonenbOndels auf ausgewahfte
Flichen auf der filmartigen Schicht, so daB die mit dern lonenbfindel
bestrahiten Flachen zu Supraleitern umgewandelt warden, wobel das
lonenbUndel ein Sauerstoffionen- bindel ein Edelgas-lonenbindel oder ein
lonenblndel ist, das aus einem Gemisch aus Sauerstoff und einem Edelgas
besteht, und wobel der Supraleiter ein Verbundoxid ist, das durch die
folgende Formel 45     (1) oder (11) dargestellt wird: (ai-xtiJ)CUyOz   (I)
wobei a ein Element der Ila-Gruppe ist, 3 ein Element der Illa-Gruppe ist,
x das Atomverhaltnis von 6 so     beziglich (a +,B) ist und im Bereich von
0,1 < x < 0,9 liegt und y und z die entsprechenden Atomverhiltnisse
bezUglich (a1-,) sind, welches gleich 1 gesetzt wird und welche die
Bereiche 0.4 < y < 3,0 bzw. 1 < z < 5 erfillen und 04('1-qCaq)mCUnOp+r
(11) wobei e fir Bi oder TI steht, t fir Sr steht, wenn 0 Bi ist und fUr Ba
steht, wenn 0 Tl ist, m und n Zahlen sind, welche die Bereiche 6 < m < 10
bzw. 4 < n < 8 erflllen, p = (31 + 2m + 2n)/2 ist, q eine Zahi-ist, welche
den Bereich 0 < q < 1 erfOilt und r eine Zahl ist, welche den Bereich -2 <
r < +2 12 I11111111111 1111 11111 11 111    EP 0 292 387 Bi erfUllt. 2.
Verfahren nach Anspruch 1, bei dem die filmartige Schicht aus Verbundoxid
durch physikalische Dampfabscheidung hergestellt wird. 5 3. Verfahren nach
Anspruch 1, bei dem die filmartige Schicht aus Verbundoxid eine dicke
filmartige Schicht aus gesintertem Verbundoxid ist, welche durch
Beschichten gefolgt von Sintern hergestellt wird. 1o  4. Verfahren nach
einem der Ansprlche 1 bis 3, be! dem das lonenblndel aus elner lonenquelle
abgestrahit wird, welche ausgewAhIt ist aus elner
Radiofrequenz-lonenquelle, elner Mikrowellen-lonen- quelle und einer
PIG-lonenquelle. 5. Verfahren nach elner der Ansprlche 1 bis 4, be! dem das
Material des Verbundoxids vor, wahrend 15     und/oder nach der Bestrahlung
mit dem lonenblndel wgrmebehandett wird. 6. Verfahren nach einem der
AnsprUche 1 bis 5, bei dem das Material ein Sch~ttgut ist, das durch
vorilufiges Sintern eines Pulvergemisches aus Oxiden undloder Carbonafen
der. das Material bildenden Elemente erhalten wird, be! elner Temperatur im
Bereich von 220 bis 1260 C. 20 7. Verfahren nach elnem der Ansprtche 1 bis
6, bei dem das Material ein Schlttgut ist, das durch vorlaufiges Sintern
eines Pulvergemisches aus Oxiden und/oder Carbonaten der das Material
bildenden Elemente erhalten wird, be! einer Temperatur Im Bereich von 220
bis 1260- C mit endgUltigem Sintern der so erhaltenen, vorlaufig
gesinterten Masse be! einer Temperatur im Bereich zwischen 700 und 25
1500 * C. Revendlcatbons Revendications pour les Etats contractants
sulvants: DE, FR, GB 30  1. Un proc6d6 pour produire un modele de circuit
supraconducteur comprenant les etapes consistant a d6poser une couche de
film d'oxyde sur un substrat et a diriger un faisceau d'ions focalis6 sur
les zones d6sirees de ladite couche de film afin que les zones irradl6es
avec ledit faisceau d'ions solent transformees en supraconducteur, ledit
faisceau d'ions 6tant un faisceau d'ions de gaz inerte ou un - faisceau
d'ions se composant d'un melange d'oxygene et d'un gaz inerte et le
supraconducteur etant 35     un oxyde repr6sent6 par l'une des formules
gen6rales (I) ou (II) 



(aZ,Sx,6xcuyo.  (1) dans laquelle a est un el6ment du groupe lia, ,S est un
element du groupe Ilia, x est un rapport K    40    atomique de ,9 par
rapport a (a + P) et est compris dans une gamme de 0,1 <x<0,9 et y et z
sont les rapports atomiques respectifs par rapport a (a,-xex) qui est
considere comme 6tant 6gal a 1 et chacun satisfaisant les gammas de
0,4<y<3,0 et 1<z<5 respectivement, et 04 (1 -qCaq)mCuCOp+r  (11) 45 dens
laquelle e repr6sente Bi ou TI, 4 repr6sente Sr Iorsque 9 est Bi3t
represente Ba lorsque B est T1, m et n sont des nombres satisfaisant chacun
les gammes de 6<m<10 et 4<n<8 respectivernent, p=- (31 + 2m + 2n)/2, q est
un nombre qui satisfalt une gamme de 0<q<1 et r est un nombre qui satisfait
une gamme de -2<r< + 2. 50 2. Le proc6d6 selon la revendication 1, dans
lequel ladite couche de film d'oxyde est pr6par6e par d6p8t physique de
vapeur. 3. Le proc6d6 selon la revendication 1, dans lequel ladite couche
de film d'oxyde est une couche de film 55     6paisse d'oxyde fritt6 qui
est preparee par revetement suivi d'un frittage. 4.. Le proced6 selon l'une
quelconque des revendications 1 a 3, dans lequel ledit faisceau d'ions est
emis a partir d'une des sources d'ions choisies a partir d'une source
d'ions de radiofrequence, d'une source 13 111111111111 HI IID 11 1111    EP
0 292 387 B1 d'ions de micro-onde et d'une source d'ions de type PIG. 5. Le
procedd selon l'une quelconque des revendications 1 b 4, dans loquel ledit
materiau de l'oxyde est traite a la chaleur avant, pendant eVou apres
l'irradiation du faisceau d'ions. 25 6. Le procede solon l'uno quelconque
des revendicatlons 1 b 5, dans lequol ledit materiau est une masse
volumineuse obtenue par frittage prillminaire d'un m6lange de poudre
d'oxyde eVou de carbonate des eidments constitutifs dudit materlau a une
tempdrature comprise dans la gamme de 220 a 1260- C. 10 7. Le proced6 solon
lune quelconque des revendications 1 & 6. dans loquol ledit mat6riau est
une masse volumineuse obtenue par frittage pr~liminaire d'un melange de
poudre d'oxyde et/ou de carbonate des 6l6ments constitutifs dudit materiau
& une temperature comprise dans la gamme de 220 a 1260 *C et ensuite en
frittant finalement la masse pr6alablement frittne r6sultante a une
temperature comprise dans la gamme de 700 A 1500'C. 15 Revendlcations pour
I'Etat contractant sulvant: NL 1. Un proc6dd pour produire un modble de
circuit supraconducteur comprenant les dtapes consistant a d6poser une
couche de film d'oxyde sur un substrat et & diriger un faisceau d'ions
focalise sur les 70     zones desirees de ladite couche de film' afin quo
les zones Irradi6es avec ledit faisceau d'ions solent transformees en
supraconducteur, ledit faisceau d'ions dtant un faisceau dOions d'oxygene,
un faisceau d'ions de gaz inerte ou un faisceau d'ions se composant d'un
m6lange d'oxygene et d'un gaz Inerte et lo supraconducteur etant un oxyde
repr6sent6 par une des formules g6n6rales (I) ou (II) 25     (ai,.-xf)CuyOz
(1) dans laquelle a est un 6l6ment du groups Ila, O est un 6l6ment du
groupe Illa, x est un rapport atomique de ,S par rapport a (a + j) et est
compris dans une gamme de 0,1 <x<0,9 et y et z sont les rapports atomiques
respectifs par rapport & (a1_-xp,) qui est consid6r6 comme 6tant 6gal a 1
et chacun 30     satisfaisant les gammes de 0,4<y<3,0 et 1<z<5
respectivement, et 64(01-qCaq)mCunOp+r  (II) dans laquelle 9 repr6sente Bi
ou TI, # repr6sente Sr lorsque 9 est Bi et repr6sente Ba lorsque D est TI,
35     m et n sont des nombres satisfaisant chacun les gammes de 6<m<10 at
4<n<8 respectivement, p=- 



(31 + 2m + 2n)/2, q est un nombre qui satisfait une gamme de O<q<1 et r est
un nombre qui satisfalt une gamme de -2<r< +2. 2. Le proc~de selon la
revendication 1, dans lequel ladite couche de film d'oxyde est prdpar6e par
ddp8t physique de vapeur. 3. Le procede solon la revendication 1, dans
lequel ladite couche de film d'oxyde est une couche de film 6paisse d'oxyde
fritt6 qui est pr~paree par rev~tement suivi d'un frittage. 45  4. Le
procede solon l'une quelconque des revendications 1 A 3, dans lequel ledit
faisceau d'ions est Omis a partir d'une des sources d'ions choisies &
partir d'une source dOions de radiofrequence, d'une source dOions de
micro-onde et d'une source d'ions de type PIG. 5. Le proced6 solon l'une
quelconque des revendications 1 a 4, dans loquel ledit matlriau de l'oxyde
est so    traite & la chaleur avant, pendant et/ou apres l'irradiation du
faisceau d'ions. 6. Le proced6 solon lune quelconque des revendicafions 1 a
5, dans lequel ledit materiau est une masse volumineuse obtenue par
frittage pr~liminaire d'un melange de poudre d'oxyde ot/ou de carbonate des
6l6ments constitutifs dudit mat6riau h une temperature comprise dans la
gamme de 220 a 1260 C. 55 7. Le proc6de solon l'une quelconque des
revendications 1 a 6, dans lequel ledit mat6riau est une masse volumineuse
obtenue par frittage pr6liminaire d'un m6lange de poudre d'oxyde eolou de
carbonate des elements constitutifs dudit mat6riau A une temperature
comprise dans la gamme de 220 a 1260-C et. 14 l 11111111111111111111111N
EP 0 292 387 B1 ensuite en frittant finalement la masse pr6alablement
fritt~e r6sultante h une temperature comprise dans la gamme de 700 A 1500*
C.. 5 10 15 20 25 30 35 40 45 50 55 15    


