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57] ABSTRACT

Excellent films of a high Tc superconductor are easily
produced on metal coated substrates at a temperature below
700° C. These metal buffer films are made of Pt, Au, Ag, Pd,
N1 or Ti1. The film superconductivity 1s significantly
improved by the metal buffer layer. Since 1t 1s easy to form
this metal coating on a substrate, the 1nvention can increase
the potential number of usable substrates such as fibers,
amorphous solids or semiconductors.

10 Claims, 3 Drawing Sheets
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1
SUPERCONDUCTOR

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

This invention relates to a superconductor, more particu-
larly to a compound film superconductor.

A-15 type binary (two-element) compounds such as nio-
bium nitride (NbN) and niobium germanide (Nb,Ge) had
been known as high Tc superconductors, but the supercon-
ducting transition temperature of these materials was only
about 24° K. at highest. Perovskite type ternary (three-
element) compounds have been expected to show higher
fransition temperatures, and a Ba=La=Cu—O0O high-Tc-

superconductor has been proposed (J. B. Bendorz and K. A.

Muller, Zetschrift Fur Physik B-Condensed Matter, 64,
189-193, 1986).

Recently 1t was reported that Y=Ba=Cu—O type com-
pounds could form superconductors with even higher tran-
sition temperatures than those of prior ones (M. K. Wu et al,

Physical Review Letters, Vol. 58, No. 9, 908-910, 1987).

The superconducting mechanism of the Y=Ba—Cu—O0O
type materials 1s not yet definitely known, but there 1s a
possibility that these materials could have respectively tran-
sition temperatures higher than the temperature of liquid
nitrogen and 1t 1s expected that such compounds would show
more useful properties than the conventional binary com-
pounds as high-Tc-superconductors.

More recently, as superconductive materials with higher
transition temperatures, Bi=Si—Ca—Cu—O system (H.
Maeda et al, Japanese Journal of Applied Physics, 27, 1988,
[.298) and Tl—Ba—Ca—Cu—O Systems (Z. Z. Sheng et
al, Nature, 332, 1988, L.139) have been discovered, both of

which have transition temperatures higher than 120° K.

However, with the present technical level, these oxide
superconductive materials can only be produced by a sin-
tering process, so that these supercondutive materials are
available only 1n the form of powders or blocks of ceramics.
In the practical applications of these types of materials, 1t 1s
strongly desired that they are made mto a film or wire. It has
been, however, very difficult with the conventional tech-
nique to obtain a desired film or wire from these materials
because of the poor reproducibility and a lack of reliability
of their superconductive properties when they are made 1nto
a film or wire.

The present inventors found that it 1s possible to form
from these materials a high Tc superconductor film retaining
well the characteristics of these materials by using film
producing techniques such as sputtering etc. and adding a
novel concept to the interface structure of the superconduc-
tor film. Based on this finding and by further incorporating
unique 1deas 1n the film substrate, the present inventors have
succeeded 1n creating a novel superconducting film struc-
ture.

SUMMARY OF THE INVENTION

The superconductor according to this invention comprises
an oxide film deposited on a metal film formed on a
substrate, these oxide containing A, B and Cu and being a
ternary (three-element) or quaternary (four-element) com-

pound having an elemental ratio satisfying the following
relation:
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A+B
Cu

0.5 = = 2.5

wherein A 1s at least one element selected from TI1, Bi, Sc,
Y and lanthanum series elements (atomic number: 57-71),
and B 1s at least one elements selected from Ba, Sr, Ca, Be,
Mg and Group Ila elements.

The superconductor of this mnvention 1s essentially char-
acterized 1n that a superconductive film 1s formed on a metal
buffer film. The superconductive film 1s produced from the
sputtering target which 1s made by breaking down its bare
material into very fine powder and depositing such powdery
target on a substrate, so that the composition of the formed
superconductor film 1s essentially homogeneous as com-
pared with the conventional sintered materials. Also, the
superconductive film 1s homogeneously deposited and 1t
becomes dense and flat on a metal film. Therefore, the
present mvention can not only realize an extraordinarily
high quality superconductor but also increase the potential
number of usable substrates, making it possible to obtain a
f1lm structure suitable for realizing various types of super-
conductor devices having superconductive films.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view showing the structure of a
substrate for a superconductor as an embodiment of this
invention.

FIG. 2 1s a view showing the surface morphology of this
superconductor as observed by SEM photography (10,000
magnifications).

FIG. 3 1s a similar view to FIG. 1 of the superconductor
surface when no Pt film was deposited.

FIG. 4 1s a sectional view of a superconductor on a
glass-coated substrate.

FIG. § 1s a sectional view showing the structure of a
superconductor on an amorphous substrate.

FIG. 6 1s a graph showing comparatively the current
density in a film formed directly on a sapphire substrate and
that in a film formed on a Pt-coated substrate.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to FIG. 1, a ternary or quaternary compound
film 13 1s deposited, by sputtering for 1nstance, on a metal
film 12 formed on the surface of a substrate 11. Substrate 11
1s designed to hold the superconductive compound film 13.
This compound film 13 1s formed usually at a high tem-
perature on the order of 700° C. When a ternary compound
f1lm was formed directly on substrate 11 with no buffer layer
of metal film 12, the superconductive film gave a surface
morphology shown 1n FIG. 3, that 1s, 1t became a micro-
crystalline plate 20 and was 1n a state of being directed
randomly. This film was small in superconducting critical
current, high in hygroscopicity because of high vacancy rate,
poor 1n reliability, with a roughened surface and incapable of
micro-fabrication such as photoetching.

When the metal film 12 was formed at the interface
between substrate 11 and a film 13 of a ternary compound
such as YbaCuO, there was obtained a smooth surface state
as 1llustrated 1n FIG. 2. As noted from the surface
morphology, the film 13 was 1n a dense state 1n 1ts mor-
phology and the critical current density was improved
approximately 10 times over the film of FIG. 3. The results
are represented graphically in FIG. 6. The present inventors
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have also confirmed the enhancement of zero-resistance
temperature from 73 K to 88 K and a significant improve-
ment of film quality. Thus, the mntervention of metal film 12
has produced a remarkable effect for the improvement of
various superconductive properties, too.

As a result of studies on the materials of metal film 12
shown 1n FIG. 1, the present inventors found that N1, Pd, Pt,
Au, Ag and T1 were effective, Pt being the best choice. The

similar effect was seen 1n use of quaternary compounds such
as Bi—Ca—CuQO and Tl1BaCaCuQO. However, no desired

film could be formed on a Mo, Ta, or Cu surface.

Among the substrates mentioned above, there are some on
which 1t 1s difficult to form a metal film by said sputtering.
In such a case, a glass coating 14 1s first formed on substrate
11 and then a metal film 12 1s formed thereon, followed by
deposition thereon of a superconductive oxide film at a high
temperature of about 700° C. as shown in FIG. 4. Quartz
glass, high silica glass, borosilica glass, soda-lime glass and
oxynitride glass could be effectively used for such glass
coating.

The present inventors also found that certain materials
could be advantageously used for the substrate 11 of FIG. 1
for obtaining 1ts best performance.

A single crystal substrate 1s effective for forming a highly
crystalline ternary or quaternary oxide compound film 13 on
the surface of metal film 12 provided on substrate 11. As a
result of research on substrate materials effective for form-
ing a superconductor comprising a ternary oxide compound
f1lm, the present inventors confirmed that single crystals of
magnesium oxide (MgO), sapphire (a—al,05), spinel,
strontium titanate (SrTi05), silicon (S1), silicon compounds,
cgallium arsenide etc. are effective as substrate material. This
was quite a surprising revelation. The thickness of metal film
12 1s usually 1n the range of tens to thousands of angstroms
(13&), so that 1t 1s mnconceivable from conditional knowledge
that the ternary compound film should be influenced by the
crystallinity of the substrate therebelow.

The crystalline structure and chemical composition of the
A—B—Cu—O0 superconductor of this invention are not yet
definitely known, but the analyses show that is has an
oxygen-defected perovskite structure. The present inventors
confirmed that when the elemental ratio in the produced film
1s 1n the range defined by

A+B
Cu

0.5 = = 5.0,

a superconducting phenomenon 1s observed in the {ilm
through there could be slight differences 1n transition tem-
perature.

In sputtering deposition, a sintered A—B—Cu—O0O
ceramic 1s used as target, but in case the substrate tempera-
ture is 700° C., there is seen a tendency that the produced
film becomes deficient mm Cu as compared with the metal
components of the target. The present inventors confirmed,
however, that this can be overcome by adding about 50%
excess amount of Cu 1n the target. From the above, it was
determined that the target composition should be the one

defined by

A+B

0.3 =
Cu

= 1.7

which falls 1n the optimal compositional range of the film.
If the target composition 1s 1n this range, desired sputtering
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deposition can be accomplished not only when the target 1s
plate-like, cylindrical or fiber-like ceramic but also when 1t
1s 1n the form of sintered particles or powders. In the case
where the target 1s 1n a powdery form, the powder 1s placed
in, for instance, a stainless steel dish. In case of using a
fiber-like substrate, 1t 1s effective to employ glass fiber,
carbon {fiber or heat-resistant alloy fibers comprising
niobium, titanium, tantalum, stainless steel, etc.

The present inventors confirmed that when fabricating
this type of superconductor 1s a desired form, for example,
in a cylindrical form, 1t 1s more effective to use a metal-
coated substrate so-called sintered chinaware than single
crystals, and they also found the most suitable chinaware
materials. That 1s, the present inventors confirmed that
alumina, magnesia, zirconia, steatite, forsterite, beryllia,
spinel and the like are best suited for use as metal-coated
chinaware substrate these materials are excellent in work-
ability and fitness to the substrate 11 of the superconductive
film 12. In this case, 1t suffices if at least the surface of the
substate 1s composed of said chinaware material as in the
case of single crystals.

As a result of more close examinations on effectiveness of
these crystalline substrates, the present mnventors found that
there 1s a preferred direction for crystalline orientation of
this type of crystalline substrate. It was discovered that in
case of using single crystals of sapphire as substrate, 1t 1s
possible to mtegrate the superconductive film of this inven-
tion in a silicon device of an SOS (silicon on supphire)
structure by heteroepitaxially growing a (100) Si film on the
R plane. The present inventors also confirmed that in the
case of C plane and a plane sapphire, the integration with an
SOS silicone device 1s possible by heteroepitaxially growing
a (111) Si film on the planes.

It was further confirmed by the present inventors that in
the case of a C plane sapphire single substrate, 1t 1s possible
to mtegrate a superconductor of a laminar structure of this
invention with a Group III-V semiconductor device by
heteroepitaxially growing a Group III-V semiconductor film
such as a (111) GaAs film, (001) GaN film, (111) GaP film,
etc., on said substrate. This indicates the practical applica-
bility of the superconductor of this invention for wiring of
ultra-high-speed GaAs devices. The present inventors also
confirmed that 1 the case of spinel single crystal substrate,
it 1s possible to integrate the superconductor of this 1nven-
tion with an S1 or GaAs device 1n the same was as 1n the case
of sapphire single crystal substrate by heteroepitaxially
growing a (100) Si film or (111) GaAs film on the substrate
surface by using the (100) plane spinel.

[t was further ascertained that in the case of using a (110)
plane spinel substrate, integration with an S1 or GaAs device
is possible by effecting heteroepitaxial growth of a (110) Si
film or (100) GaAs film on the substrate surface. The present
inventors also disclosed that 1n the case of SrTi0, singular
crystal substrate, the grown superconductor film 1s provided
with very excellent crystallinity when the (100) plane 1s used
as substrate.

Then, a superconductor film was formed on an amorphous
solid by using the buffer metal film.

Referring to FIG. §, a compound film 13 1s deposited, by
sputtering for instance, on a metal film 12 formed on the
surface of an amorphous substrate 15. In this case, substrate
15 serves for holding the superconductive compound {ilm
13. This film 13 1s usually deposited at a high temperature
of 700° C. When the compound film was deposited directly
on the amorphous substrate 15 with no intervention of metal
film 12, the strong adhesion to the substrate was lost and
clectric resistance increased excessively to destroy the
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superconductive properties. When metal film 12 was inter-
posed between substrate 15 and three-element compound
film, the surface assumed a dense state as shown 1n FIG. 2
and a good superconductive film 13 was obtained.

The present mventors also found that amorphous sub-
stances such as quartz glass, pyrex, amorphous silicon, etc.,
are effective for the substrate 15 of FIG. 5.

For better understanding of the subject matter of this
invention, 1t will be described more concretely below by
showing the embodiments.

EMBODIMENTS

By using sapphire single crystal R plane as substrate 11
and a Pt plate as target, a Pt film 12 was deposited on the
substrate by DC planar magnetron sputtering as shown 1in
FIG. 1. Deposition was carried out at a sputtering power of
300 Vx30 mA by using Ar gas pressurized to 8 Pa and
maintaining the substrate temperature at 250°-500° C. to
form a 0.1 um thick film. This Pt film was polycrystalline.
On this Pt film 12 was deposited a compound film 13 by high
frequency planer magnetron sputtering using sintered
ErBa,Cu, -, as target. This sputtering deposition of com-
pound film 13 was carried out under Ar gas pressure of 0.5
Pa at a sputtering power of 150 W for a period of one hour

by maintaining the substrate temperature at 700° C. to form
a 0.5 um thick film.

This film showed a room-temperature resistance of 600 €2
and a superconducting transition temperature of 88 K.

Film formation on a glass coated substrate 1s described
below with reference to FIG. 4.

Used as substrate 11 was the silicon single crystal (111)
plane coated with heat-oxidized silicon to form a 1,000 A
thick glass coating 14. By using a Pt plate as target, a Pt film
12 was deposited on said glass coating 14 by DC planer
magnetron sputtering under the following conditions: Ar gas
pressure: 8 Pa, sputtering power: 300 Vx30 mA, substrate
temperature: 250-500° C., film thickness: 0.1 um. This Pt
film 1s a polycrystal structure. On this Pt film 12 was
deposited a three-element compound superconductive film
13 by high-frequency planer magnetron sputtering using a
sintered ErBa,Cu, .O. target. This deposition was carried
out under an Ar gas pressure of 0.5 Pa at a sputtering power
of 150 W for a period of one hour by maintaining the
substrate temperature at 700° C. to form a 0.5 um thick film.
The thus formed superconductive film showed a room-
temperature resistance of 600 &2 and a superconducting
transition temperature of 88° C.

Described below 1s another embodiment of the invention
in which a superconductive film was formed on an amor-
phous substrate.

As shown 1in FIG. 5, a Pt film 12 was deposited on a quartz
glass substrate 15 by DC planer magnetron sputtering using
a Pt plate target. Sputtering was carried out 1n an 8 Pa argon
gas at a sputtering power of 300 Vx30 mA by maintaining
the substrate temperature at 250°-600° C. to form a 0.1 um
thick film. This Pt film was polycrystalline. On this Pt film
was deposited a compound film 13 by high-frequency planer
magnetron sputtering with a sintered ErBa,Cu, O, target
under the following conditions: Ar gas pressure: 0.5 Pa,
sputtering power: 150 W, sputtering time: 2 hours, substrate
temperature: 700° C., film thickness: 0.5 um.

The thus obtained superconductive film showed a room-
temperature resistance of 30 £ and a superconducting
transition temperature of 90° K.

As described above, the superconductor according to this
invention 1s characterized in that a superconductive com-
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pound film 1s formed on a metal film. The superconductive
compound film 1s formed by first breaking down the base
superconductive material into a state of very fine particles,
which 1s called “atomic state”, and depositing such particu-
late material on a substrate, so that the composition of the
formed superconductor 1s essentially homogeneous as com-
pared with the conventional sintered products. Thus, a
superconductor of extraordinarily high quality 1s realized by

the present mvention.

According to the present invention, as explained above, 1t
1s possible to form a superconductive film which 1s dense in
its enfire structure and also improved in critical current
density. Further, the superconductive film of this mnvention
can be mtegrated with various electronic devices such as Si
and GaAs devices and 1s also appliable as a key material for
various types of superconductive devices such as Josephson
clements. It 1s to be noted particularly that there 1s a
possibility that the transition temperature of this type of
compound superconductors could be reduced to room tem-
perature. This invention, therefore, can expand the scope of
use of superconductors and thus 1s of high industrial value.

The present invention can increase the types of substrate
usable for superconductors by incorporating a metal film and
makes 1t possible to form such substrates a high quality
superconductive film having a high critical temperature and
a high critical current density. Thus, this invention greatly
contributes to the realization of various types of supercon-
ductive devices.

What 1s claimed 1s:

[1. A superconductor comprising an A—B—Cu oxide
f1lm deposited on a metal film formed on a substrate, said
A—B—Cu oxide containing elements A and B and Cu and
O, the molar ratio of said elements A and B and Cu being 1n
a range of

A+DB
Cu

0.5 = =25

wherein the element A 1s one element selected from T1, Bi,
Pb, Y and lanthanum series elements (atomic number:
57-71), and the element B is one element selected from the
Group Ila elements; and said metal film bemng a transition
metal element selected from Pt, Au, Ag, Pd, N1 and Ti the
composition A—B—Cu—O of said oxide film being 1n the
form of layered perovskite-like structure.]

[2. A superconductor according to claim 1, wherein an
additional metal film 1s formed on said oxide film, or the
oxide films and metal films are laminated alternately to form
a multi-layer structure.]

3. A superconductor [according to claim 1] comprising an
A—B—Cu oxide film deposited on a metal film formed on a
substrate, said A—B—Cu oxide containing elements A and
B and Cu and O, the molar ratio of said elements A and B
and Cu being in a range of

A+B

05 =
Cu

= 2.5

wherein the element A is one element selected from Tl, Bi,
Pb, Y and lanthanum series elements (atomic number:
57-71), and the element B is one element selected from the
Group Ila elements; and said metal film being a transition
metal element selected from Pt, Au, Ag, Pd, Ni and 1i, and
the composition A—B—Cu—O of said oxide film being in the
form of layered perovskite structure, wherein [the] a surface
of said substrate 1s coated with a glass film selected from the
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group consisting of quartz glass, high silica glass, borosili-
cate glass, soda-lime glass and oxynitride glass and wherein
the glass film is positioned between the substrate and the
metal film.

[4. A superconductor according to claim 1, wherein the
substrate 1s composed of at least one single crystal material
selected from MgQO, sapphire (¢—AIlL,0,), spinel, SrTiO,,
silicon, silicon compounds, GaAs and ferrite.]

[5. A superconductor according to claim 1, wherein the
substrate 1s composed of at least one chinaware material
selected from alumina, MgO, ZrO,, steatite, forsterite,
beryllium and spinel.}

[6. A superconductor according to claim 3, using a single
crystal (100) plane or (110) plane MgO substrate.]

7. A superconductor according to claim 3, using a single
crystal R plane sapphire substrate.

8. A superconductor according to claim 3, using a single
crystal C plane sapphire substrate.

9. A superconductor according to claim 3, using a single
crystal A plane sapphire substrate.

10. A superconductor according to claim [2] 3, using a
single crystal (111) plane spinel substrate.

11. A superconductor according to claim 3, using a single
crystal (110) plane spinel substrate.

12. A superconductor according to claim 3, using a single
crystal (100) plane spinel substrate.

[13. A superconductor according to claim 3, using a single
crystal (100) plane or (110) plane strontium titanate sub-
strate.]

14. A superconductor Jaccording to claim 1] comprising
an A—B—Cu oxide film deposited on a metal film formed on
a substrate, saitd A—B—Cu oxide containing elements A and
B and Cu and O, the molar ratio of said elemenis A and B
and Cu being in a range of

A+B

0.5 =
Cu

=23
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wherein the element A is one element selected from Tl, B,
Pb, Y and lanthanum series elements (atomic number:
57-71), and the element B is one element selected from the
Group Ila elements; and said metal film being a transition
metal element selected from Pt, Au, Ag, Pd, Ni and 1i, and

the composition A—B—Cu—O0 of said oxide film being in the
form of layered perovskite structure, using a fiber [sub-

stance] substrate wherein the fiber is selected from the group

consisting of glass fiber, carbon fiber, quartz fiber and heat
resistant metal alloy fibers.

15. A superconductor according to claim 14, wherein the
fiber substrate 1s made of glass fiber, carbon fiber or a
heat-resistant metal alloy fiber [such as the fiber of Nb, Ti,

Ta, stainless steel or the like].

[16. A superconductor according to claim 1, using an
amorphous solid substrate selected from the group consist-
ing of quartz glass, purex and amorphous silicon.]

[17. An article comprising:

(a) a substrate

(b) a noble metal buffer layer selected from the group
consisting of silver and gold formed on said substrate

(c) a high temperature superconductor layer consisting of
Y—Ba—Cu—O0 formed on said buffer layer.}
[18. An article comprising:

(a) a substrate

(b) a metal buffer layer selected from the group consisting
of nickel, palladium, platinum, gold, silver and tita-
nium formed on said substrate

(c) a high temperature superconductor layer consisting of
a high temperature superconducting layer formed on
said buffer layer.]

19. The superconductor according to claim 15, wherein
the heat-resistant metal alloy fiber is a fiber containing a
metal selected from the group consisting of Nb, 1i, Ta and
stainless steel.
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