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=+This mventlon pertalns to methods for produc-
ng,a thin_layer..of superconductnve matenal on a.
ubstrate h n S B "6
From the dlscovery of superconductwuty in
911 to the recent past, essentially all known

_....,._S.upﬂccanductlng materials were elemental metals . .

w=:{e.g. Hg, ‘the first known superconductor) or metal
..alloys (eg NbsGe. probably the material W|th the 10

“new class .of materials, namely, metal oxides.

7 e Phystk B™-"Condensed Matter, Vol. 64, 189 (19€ (1986)

Frw watsiar

=I=TEumrcopperoxide.

z:The latter report stimulated worldwnde research

ificiant progress. The progress has resulted, inter .
‘__;aila. to date in the discovery that compositions in

the. Y-Ba-Cu-O system.can have superconductive .
“:transition temperatures T, above 77K, the bailing
“temperature of liquid Nz (see, for instance, MK. 25

mobserved ~high temperature superconductivity, and - 30
"~——-:,|r3' the -discovery of composition and  processing
“==—~="tachniques that rasult in the formation of bulk sam-
~ples "of material that can' be_ substantially single
~_phase.material.and . can havs, T, above 90K (ses

== “the E.P. Publications 0274421 and 0274407). See 35
e :; e E.P. Publications and . ). See 36

'__T he. excnement in the scuent:flc and technical
“community that was created by the recent ad-
““vances in superconductivity is at least in part due 40
to the potentially immense technological impact of
.. 'the availability of materials that are superconduc-
ting at temperatures that do not require refrigera-
“tion with expensive liquid He. Liquid nitrogen is
T generally considered to be perhaps the most ad- 45
—vantageous cryogenic refrigerant, and attainment of
-eSUperconductivity at liquid nitrogen temperature

' - was a long-sought goal which until very recently

-~ appeared almost unreachable.

s Although this goal has now been attained, there  s0
= still exist barriers that have to be overcome before

.the new oxidic high T, superconductive materials
..can be utilized in many technological applications.
~-In particular, techniques for forming high T, super-
=:v -~ conductive bodies of technologically significant  ss
. . shape have toc be developed. Among the shapes of

technological significance are thin layers, fraquent-
_ly patterned, on a non-superconducting substrate.

"EP0D287258B1

prepared in thin layer form by such techmques as
" vapor deposition and sputtering. Such thin films
. have found use, for instance, _in Josephson junc-

for forming thin layers of a superconductive.mas:. —
" terial by applying a solution of selected ‘metal- -

-8ee 'J.G. Bednorz and KAMuller, Zeitschr. f. 15
""B.B. Schwartz and S. Foner, editors, Superconduc-_

oo owhich” reports superconductlvity in Ianthanum ban- ¥ " tor Applications: SQUIDS and MACHINES, Plenum " '.“"_‘"j'"-""_:T_T'“‘ffff‘

et pmies e, gt s e

..+ tors, Superconductor Material Science, Metallurgy, . -
~activity,..which .very quickly resulted in further sig- .20

.magnets for e.g.,.fusion generators, MHD.gener-

‘netic separation, and energy storage, as well as

. conductivity would materially benefit if high T,

‘could be used to produce junction devices ‘and "";.

Prlor art metalllc superconductors have been )

tions and in various detectors.
EP-A-2 77 020 (published 03.08.88; to be con-
sidered under Art. 54(3) EPC) discloses a method

o R i P

substrate, dried, heated and calcinated in the pres-

~ence of oxygen to obtain the layers of metal oxide - N

superconductive material. . ,..f.i
For a general overview of some potential ap- e
plications of superconductors see, for instance,

Press 1977; and S. Foner and B.B. Schwartz, edi

Fabrications, and Applications, Plenum Press.1981.
Among the applications are power transmission
lines, rotating machinery, and superconductive

ators, particle accelerators, leviated vehicles, mag-

AP e 2 e a2
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junction devices and detectors. it is expected that
many of the above and other applications of super- -~

superconductive material could be used instead of
the previously consudered relatively Iow Te rnaten- _
als. '
in - particular, the existence of a method for
producing thin layers of high T, superconductive
oxide material wouid likely result in considerable J--
economic.. benefit.. For instance, suoh “a method

detectors that are operable at higher temperatures
than prior art devices, and could perhaps be em-
ployed in novel ways, e.g., to interconnect elec-
tronic circuits or chips. In particular, a method that
can be used to produce superconductive oxide thin
films economically and conveniently, without the
use of expensive equipment such as vacuum
chambers, would be of obvious benefit. Such a
method is disclosed below.
According to the present invention there is . . ...«
provided a method as defined in claim 1. e
We have discovered a convenient method of
producing a layer of superconductive metal oxide
on a substrate. The method comprises applying, by
any appropriate technique (e.g., spraying, dipping,
spin-on) a metal-containing precursor solution to
the substrate such that a substantially homoge- B
neous metal-containing layer is formed on the sub- -~ - -
strate. The method further comprises heat treating
the layer such that unwanted constituents of the
sofution that are still present in the layer are re-

_moved from the layer, such that the appropriate




uperconductive phase is formed in the layer ma-
tgrial,..angl, such. that, at completion of the heat
1f-f.'iif""':cisgree of -oxidation and is essentially free of
shemical  constituents  that adversely
"poison™) the superconductive oxide.

~Whereas the inventive method is broadly ap-

Me!emant dlffersnt from Baand M and selected from
+the-elements of atomic number 57-71, Sc, Ca, and
““T'f'_f"fSr. “Typically x+y is in the range 0-1 (with Ba and
"M 'being at least 50 atomic % unsubstituted), and
1.5 < § < 25. This class of cuprates will be

uprates see, for instance, D.W. Murphy et al,
-Physical Review Letters, Vol. 58(18) pp. 1888-1890.
Ina partlcular subclass of the Ba-cuprates, 0 S x <
02 and 0 FS y < 01 with M being one oF more of
""““Ca. Sr,Y, La, Eu, Lu, and Sc.
- Another known class of oxide superconductors
~#xizhas nominal composition Lag., M,CuQOy,, where M is
Zone.or.more of divalent metals such as Ba, Sr and
?Ca. x 2 0.05, and 0 S ¢ S 0.5. This class will be
eferred ‘to as the La-cuprates.
~+The.inventive method is considered to be ap-
-plicable to forming a layer of. substantially any
isuperconductive oxide on a substrate, including
oxides containing alkali metal(s).. Cuprates are cur-
~=—rently ‘thought-to be the most promising class of
.___..Dxidas,,and the inventive method can be used to
“produce unsubstituted cuprates as well as cuprates

i3 =

-ffc_»r part of the copper.
~iei—The metal-containing solution can be aqueous
“or nonaqueous. Typically, the metal ions in the
...solutions are derived from sails or compiexes
" {including metallo-organic complexes) such a car-
—--boxylates or acetylaceionates, or inorganic com-
- plexes such as nitrates, of the various metals [Cu,
--..Ba, Y, Eu, etc.]}, and the sclvent advantageously
"has a relatively high solubility (typically such that a
~. solution with more than 0.01 molar Cu concentra-
“fion, preferably greater than 0.1, can be prepared)
~=for the metal-containing compounds. Aqueaous solu-
... tions frequently need to be acidic, e.g., contain a
" carboxylic acid or nitric acid. In an exemplary em-
bodiment, the soilvent (before concentration) is 1:1
H2O and acetic acid, and the metal salts ars the
metzal acetates. In another exemplary embodiment
.— the.solvent is. chloroform, toluene or other appro-
~ priate organic solvent, and the metal precursors are
- metalio-organic complexes of the relevant metals,
*""Turmstance carboxylate (e.g., butyrate or ethylhex-

affect

eferred to-as the Ba-cuprates. For examples of Ba- -

-in Whlch one or more qthsr metals are substltuted

ireatment, the layer material has the appropriate .

10

15

20

25

30

35

40

50

56

3  EP0287258B1 4

anoate) complexes of the relevant metals. In gen- -

eral, the complexes of the different metals should ...
_ be mutually compatible, the complexes should be .
_soluble in a solvent that Is suitable for spincoating,,__f_“

spraying, or other application techniques, the solu-
tion shouid form homogeneous, continuous films,
and the solution should decompose clsanly. sg.
leave no residual carbon, h
The solution is applied to the substrate by any -

appropriate technique. The solution may be hot-- ----
_relative to the substrate or vice versa. For instance, ._ .
in one embodiment the aqueous solution is .at.... .-

about 100°C and the substrate is substantially at
room temperature. In another embodiment the sub-
strate is relatively hot, and the relatively cold solu-
tion is applied by spraying. In other embodiments
the solution and the substrate are at substantially
the same temperature, e.g., room temperature. The .

- substrate frequently has a relatively plane surface ~———

to which the solution is applied, but this is not a

requirement. For instance, the substrate may.be a
filamentary body, or may have any other non-

" planar shape. However, the substrate material (or,
more precisely, the surface of the substrate) has to ~

be compatible with the superconductive oxide, as
will be discussed in detail below.

After formation of the substantially homoge-.‘.

neous metal-containing layer on the substrate, the

substrate/layer combination is heat treated. One
_aspect of the heat treatment is the removal of -

unwanted constituents from the layer material. By =~ "

this is meant the removal of those constituents that
are not desired to be present in the superconduc-
tive layer material.

such as CH;COO™) and/or evaporation. Exemplar-
fly, the removal of the unwanted' constituents is

attained by heating to a temperature in the range

250-450* C, hut removal at higher temperatures
may be required for some films.

A further aspect of the heat treatment is the
transformation of the layer material into the phase
that is associated with superconductivity. Frequent-
ly, this requires the formation of microcrystals,
since the as-deposited layer typically is amor-
phous, whereas a definite crystal structure is asso-
ciated with the superconductive phase. For in-
stance, in at least some Ba-cuprates the high tem-
perature (T, > 77K) superconductive phase has a
quasi-perovskite structure. The formation of the
supsrconductive phase typically requires heating of
the layer to a temperature in the range 600-950°C,
even as high as 1000° C.

At least in some embodiments of the invention
the heat freatment conditions have an effect on the
crystal orientation in the superconductive film. For
instance, treating a film formed from metallo-or-

ganics at a relatively high temperature frequently -

The removal may comprise i~ —-memwr s
. pyrolysis of some constituents (6.g., organic fons "




favors the growth of crystallites with the c-axis

of-nominal {final) composition :YBa20u:;07 the heat

n.the range 1 minute to 5 hours) in an oxygen-
Qontaining atmosphere at a temperature in the ap-

herein':'(e'g' “at least some Ba-cuprates) lose oxy-
M_gen at relatively high temperatures, and can take

‘ _“,peratures Therefore, the layer material typically is

mw-_'-'—referred ‘to transformation step, and the layer is
Z===zzadvantageously maintained in:an. Oz-containing at-
...""..."..’.“'_‘__mosphere_at .an intermediate temperature (typicaliy

“'.." in the range 300-500*C) for a time sufficient to
~-result in-the-attainment of the desired oxygen con-
in the layer material. Slow cooling
.Ihrough the. relevant temperature range of ‘course
“can also accomplish this objective. -~ . -

—.-The..superconductive oxides of. mterest herein

emperature—T, ->77K. Recently there have also
baen reports that mdrcatlons of superconductwrty

%have even- expressed a belief that a room tempera-

-a—--ture ‘oxide superconductor wrll soon be drscovered

“_'_“_"_':""\"";‘-‘bulk Te > 200K, 240K, or even room temperature,
_,__,,“H-,should such oxides be found. Superconductive lay-

ars..produced. by the inventive method typically
. " have a transition onsst temperature of at least 77K
'W';and possibly even greater than about 240K.

Thin superconductive layers according to the
‘~invention can advantageously be used in a variety

cw-.nents or subsystems, or to form detectors or de-
ms...ViCES such as SQUIDS and other weak link devices.
- They can, for instance, also be deposited on a
filamentary substrate so as to produce a relatively
347 flexible superconductive "wire".
RS Apparatus comprising a superconductive layer

- .. .according to the invention typically comprises elec-
trical current source means and means responsive
 to- an electrical current, both connected to the
superconductave layer.

no_[rngl tg_,the frlrn plane. whereas treating such a

reatment -typically -comprises a soak (exemplarily -

“up._oxygen from the_ambient at intermediate tem- .

. _EP 0287 258 B1

—oxygen deficient’ at the completion of the above

20

26

30

35

45

50

(=]

§

- -use for the novel suparconductive oxides.:

The inventive method can, economically and

. without the use of expensive equipment, p[Oduce,,:

large area thin layers of superconductive ~oxide

" ‘material. It is expected that these characteristics of

the novel method will assist in finding widespread

Bnef Descrlptlon of the Drawmgs

process according to the mvention and = ',_ =
FIG. 2 schematically depicts a patterned Inven-
~ tive superconductivela er n.a substrate e

Detailed Descrlptron of Some Embodiments

' Figure 1 schematrcatly.presents some p.roc.ess -
. steps of an exemplary embodiment of the inventive
" process which will now be discussed in more de-
tail. The solution is prepared by dissolving appro-
" priate amounts of metal-containing . compounds. .
{e.g., metal acetates such as copper-, barium-, and. ..

yttrium acetate) in a solvent such as 1:1 glacial

-acetic acid and water at approximately 100°C.-As --
‘will be appreciated by those skilled in the art, the
amounts of the metal-containing compounds _are. -

chosen such that the metal ions are present.in the

_ solution-in the desired molar. ratios. . This need not
- necessarily be the same molar ratio-that is_consid--.

erad to be optimal in the corresponding bulk super«
conductive oxide. In one particular embodiment the

solution is maintained at about 100* C and aliowed.....
to evaporate until the Cu concentration in the solu-
-i"tion is about 0.3 molar. The: (hot) ‘solution ts ‘then -
‘applied to a compatible substrate (e.g., a MgO -

wafer) by a standard technigue (e.g.. spin-on), re-
sulting in the
(exemplarily transparent and glassy) layer on the
substrate.

In another examplary embodiment,
stoichiometric amounts of metallo-organic complex-
es (e.g9., sthylhexanoates such as those of Y, Ba,
and Cu) are dissolved in chloroform at room tem-
perature, and the resulting metal-containing solu-
tion is spin-coated at room temperature onto a
Z2rQz substrate, resulting in formation of a homo-
geneous layer on the subsirate.

The substrate/layer combination is then heated
so as to remove unwanted constituents (e.g., H20,
acetic acid, COz). It is generally advantageous
(although not obligatory) to raise the layer tempera-
ture slowly (e.g., 10-50°Chour) so as to avoid
damage to the film. Typically the removal can be
accomplished at temperatures up to about 450°C,
although in some cases a higher temperature may
be advantageously used. The removal step may be

_carried out in air, in any other appropriate at-

mosphere, or in a vacuum. Frequently, some oxida-

formation of ‘@ homogeneous '




i

-step. The details of the removal step generally will
epend. on ‘the nature of the unwanted constituents.
.Completion of the step can be verified by any
Zzzeppropriate technique, e.g., thermogravimetric or
=Rimass spectrographic analysis. .

:;..,*:..T:.‘:L:';Iransformatlon of the layer material into the

“wtTsuperconductive phase typically requires heating of

‘the Iayer material to a. relatwely hlgh temperature

t:on' of at least a substantial portion (preferably
essantlally complete transformatlon) of the layer

< e o

HAime required .to- compiete the transformation de-
:pends strongly on the temperature, with lower tem-

u,’g,ug»_'jt_h. for_instance, a high intensity lamp or a

Jimit the ioss of oxygen from the layer material.

3o '.ill;.f're-dtlxe‘ntly .bemadvantageous to subject the layer )

aterial—to -an..oxygenation treatment, - since the
-oxygen- concentration in the as-transformed layer
“material typically is lower than is optimal in the
-bulk material of equivalent composition. Oxygen-
~—ation ¢can be accomplished, for instance, by main-
".-taining the iayer in contact with an appropriate
. -oxygen-containing atmosphere (e.g., air, O; at am-
- bient or higher pressure) at an appropriate inter-
oo mediate temperature (e.g., 400* C) until the desired
"7 oxygen concentration is reached.
™™"*"“The above described processing steps are ex-
'l'f‘-_f“{empl_ary only, and other heat treatment schedules
" ‘'may also bs advantageously used. For instance,
"~ the previously referred to film formed by a metallo-
" .organic spin-on process can be heat treated by
--.—~-ramping the temperature to about 950-1000°C in

1-5 hours, soaking the film at a temperature in that

~range for about 1-10 minutes, ramping the tem-
perature to about 400-450°C in about 0.5 - 2
_--hours, soaking at a temperature in that range for
--about 2 - 24 hours, foliowed by a furnace cool to
- about room temperature, all in an oxygen atmo-

= - peratures), or.by means.of flash heating (of all or -
' art) of the layer. Such flash heating can be carried . .

C7o .0 EPozsraseBr g
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"ductive properties of the film. It may thus be poss-~

_ may comprise current-limiting cracks.
"the layer on the substrate, and choice of a sub-"""
- - strate that is compatible with a given superconduc--—.
~ inventive method. A "compatible" substrate herein

-with the layer material during the heat treatment in-... .

sphere,
As will be apprecmted by those skilled in the

" an, the details of the above described process may R

frequently be optimized by observing the effect of
changes of process parameters on the supercon-

ble that in some cases optimal operating conditions
may be found outside of the typical ranges in-
dicated herein. :
It will also be apprec1ated that. since a smgle
application of the inventive method typically results = -
in a superconductive film of approximate thickness
in the range 0.5 - 1 um.(the exact thickness.
typically depends on such factors as. the -metal
concentration in the solution, the viscosity of the
solution, and the application conditions such as the D
spinning rpmy), it may at times be advantageous to— T

-apply a layer of metal-containing solution over an.: B Rmep EE

already formed superconductive layer, and to sub-

_ject the combination to a further heat- and/or oxy- =~
" genation treatment. Repseated application of the .

inventive technique thus can produce superconduc-
tive films of any desired thickness (typically less
than about 5 wm) if this thickness cannot be ob-
tained by a single application. Two or more ap- -
plications of the inventive method may also result °
in improved critical current density of the resulting
film since & film formed by a single appllcatlon

It has been found that the nature of the sﬁb-
strate has a significant effect on the properties of

ST DRTCIAg EIC PRI

tive layer material is a significant aspect of the .

is & substrate which does not substantially interact ~

a superconductivity-affecting manner. By way of
example, some Ba-cuprate layers have been found
to be substantially compatible with MgO substrates
as well as ZrO; and SrTiO; substrates at many of
the heat treatment conditions described herein, but
were found to react to some degree (and are
therefore not properly compatible) with SiOz sub-
strates under the same conditions. Alz03 has an
intermediate degree of incompatibility and may be
acceptable under some circumstances. These Ba-
cuprate layers are aiso compatible with Au and Ag.
Therefore, it may be possible to interpose an ap-
propriate (Au or Ag, or one of the above compatible
oxide) passivation layer {possibly together with one
or more other layers that may serve different fung- - ... . . ...
tions, e.g., prevent diffusion of Ag or Au into the
substrate, or enhance adhesion) between a sub-

strate and the superconductive layer thereon, to

prevent poisoning of the layer material. Those

skilled in the art will appreciate that under some

conditions, e.g., flash heating, some substrates that

e P i - AR

R e



der other heat treatment conditions (e.g., furnace
“heating) may_have acceptable compatibility.
~.'The above description of the method is exem-

be- able- to - determine the conditions that are ad-
vantageously used for a .given
substrate/superconductive layer combination.
= FIG.. 2 schematicaily depicts a (patierned)
superconductive fayer 22 on a substrate 21. Al-
though not shown, a barrier layer (e.g., Au, Ag or
“MgO) can be interposed between 21 and 22. Pat-
=—rtermning of 22 ‘can be accomplished by any appro-
priate technique, e.g., photolithography in conjunc-
Somv Jton with wet or dry_etching, laser. ablation, or ion
e s imp!antatlon

e Example 1A superconductwe layer of nominal
.composition BazYCu; Oy was. prepared as follows:

of - basic copper carbonate (which has been as-
sayed and found to contain 56.74 weight % Cu)
~“was added to 100 ml of 1:1 glacial acetic acid and
e :.J:I;D.,The_mixture was reftuxed for about 16 hours
..............to-gwe a_clear blus solution, without visible residue.
"“The solution was then boiled down to a volume of
oo’ ‘about 25 ml. After ascertaining that the solution
~~was. of proper concentration (by spinning hot solu-
ion.onto room temperature quartz discs at 2000
rpm-for.50.seconds; the concentration was deemed
- —right if the spun on layers showed neither radial
f:é—-;-'"r.-streaks nor were speckled but were even, pale blue
_.....__.::ﬁlms) tha_hot_solution was spun under the same

= conditions..onto-a. 1. ¢m x 1 cm .x 1.mm MgO ..

- crystal at- room temperature.; The substrate/layer
n‘_;_‘_‘;ﬁ:comblnatlon was then heated -in air' from room
== emperature to 100°C at 200 C/hour, and from
--100°C o 400°C at 20* C/hour. The combination
“"was then heated to 750* C for 1 hour, to 800°C for
‘e two. hours, and 830°C for 30 minutes, furnace
: ~cooled (about 30 minutes) to 400°C, held at

400° C for 15 minutes, then cooled to room tem-
" “perature in 98088.5 Pascals (1 at) of flowing Oa.
7"The superconductive properties of the film were
" “determined by measuring the resistance as a func-

tion of temperature by a standard 4-point probe
== technique. The layer was found to have a transition
__“,T-...onset temperature of about 85K.
..Example 2: A superconductive layer of nominal
compqsmon Ba:EuCu30; was prepared substan-
- fially as described in Example 1, except that

.. 1 0.4252 g of Euz 03 was substituted for Y203. The

wwm oo regsulting layer was found to have a transition onset
- .. -lomperature of about 75K.

Example 3: A superconductive film of nominal
- composition YBazCuaQ; was prepared as follows:
T 1.35%1072 moi Y{2-ethylhexanoate)s 2.7x10~3 mol
S Ba(2-ethylhexanoate);, and 4.05x10~% moi Cu(2-
_ethylhexanoate). were dissoived in 10.5g (7 ml)

T

~"are “non-compatible with a given layer material un-

plary_only, .and .those skilled .in the art will readily. - .

'0.9538g of BaCOs 0.2728g of Y20, and 0.8120g

'EP 0 287 258 B1 SRR (1
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.erties . and Properties. .of - High-Technology -Non-... -

' . ber 2-4, 1985, Y.Chen et al, editors, pp. 35-42).
_ The resulting solution was spin-coated onto a MgQ .

: (F\ 0) of about 77K

.Examp!e4 e - .

. spin-coating a layer of the metal-containing solution. . ...

_and onsat T., of about 89K

Example 6:

‘chloroform at room temperatura (the ethylhex-

anoates were prepared substantially as described
by G. M. Vest et al In the Materials Research
Society Proceedings, Symposium L: Defect Prop-

metallic Materials, Boston, Massachusetis, Decem-

substrate (2000 rpm, 60 s), the coated substrate ... ... i
placed into a standard tube furnace, with oxygen . - .
flowing through the furnace tube, and the furnace =~ -

temperature ramped up to about 890°C in 2 hours. -
Next, the sample was soaked at 990°C “for~3
minutes, the furnace temperature was .ramped
down to about 450°C in about 30 minutes, the

~ sample soaked at 450 C for 8 hours, followed by a
~furnace cool to room temperature. -The resulting

black ceramic film was about 0.5 um thick, had.
predominantly c-axis orientation perpendlcular o
the film plane, an onsat Te ~of about 89K, wuth Te _~; )

A superconductive ﬂlm havmg a thickness of
about 1 um was produced by forming a 0.5 um
thick film substantially as described in Example 3,

onto the film, and repeating the heat treatment..The ..
resulting film had predominantly c-axis orjentatlon_

. Example 5 - I L =T RE e

A metal-containing solution was spun onto-a
MgO substrate substantially as described in Exam-
ple 3. The coated substrate was placed into the
tube furnace and, under Oz at ambient pressure,
the temperature was ramped to 850°C for 1 hour - . 2 .
and the sample was soaked at that temperature for '

1 hour. The temperature was then ramped to
400° C (30 minutes), and the sample soaked at that
temperature for 8 hours, followed by a furnace cool
to room temperature. The thus produced 0.5 um
YBazCus0y.; (5 about 2.1) film consisted or ran-
domly oriented grams. and had an onset T; of
about 91K, - i e e et e

A superconductive film of nominal composition
NdBa;Cu30O;7 was produced substantially as de-
scribed in Example 4, except that Nd(2-ethylhex-
anoate)s was substituted for the Y(2-ethylhex-
anoate)s. The resulting film has predominantly c-
axis orientation normal to the film plane and onset
T, of about 89K. Ce e e -




A superconductive film of nominal composition

cribed in Example 4, except that Cu(isobutyrate).
is: substituted, for the Cu(2-sethylhexanoate).. The
resulting. film has essentially the same propertles
- aa;t_he:!.ilm of Example 4. '

<% Examples 8-13:

e St b 2

_'-3Superconduct|ve films are formed substantially
-as descnbad in Examples 1 and 4, respectively,
'except that the substrate is strontium titanate, Ag-
:ooated (05 wm evaporated Ag) §i02, and Ag-

'-'fAipatterned superconductive fiim is formed by
roducing a film substantially es described in Ex-
_mple 4, followed by patterning by means of laser

thad .of producing a superconductive metal-
-containing oxide layer on a surface of a sub-
:sirate, the method comprising
~-g) applying a metal-containing precursor so-
. ”lution to the surface of the substrate such
oLl ....that a substantially homogeneous metal-
containing layer results, and
~ b) heating at least a part of the layer in the
“ " presence of oxygen such that at least a
» -~ gsubstantial portion of the material in the part
"~ of the layer is transformed into a metal
el e . OXidE sUperconductive material;
___wharein step b) comprises heating the lay-
ar to a first temperature in the range 250-
~450* C such that the unwanted constituents are
“substantially removed from the layer, further
comprises heating the layer to a second tem-
perature in the range 600-1000° C for a period
sufficient to result in transformation of at least
.. a substantial portion of the layer material into a
- -..phase that is associated with superconduc-
~tivity; and still further comprises cooling the
layer to a third temperature in the range 300-
'500*C and contacting the layer with an

YBa:Cus 07 was produced substantially as de-
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11.

12

oxygen-containing atmosphere such that effec- . .

tive oxygenatuon of the Iayer matenal results

Method of clalm 1. compnsmg setect!ng thei
precursor solution and the conditions of b)

such that the metal oxide- superconductive ma-
terial has. nominal composition..
BagM1.yX+yCusOgy, ‘where M. is selected

-from the group consisting of Y, Eu, and La,
and X is an optional component different from . o .
Ba, Y, Eu and La and selected from the group -

consisting of the elements of atomic number...

57-71, Sc, Ca and Sr, with Osx + ys1,

1.5<3<2.5, and Ba and M being at Iaast 50

atomic % unsubstftutod

Method of claim 1 or 2, comprising selecting a
precursor solution that comprises Cu, Ba, and

Y, with the Cu-concentration in the precursor

solution being at least about 0.01 molar.

Method of claim 1, comprising forming the

precursor solution by dissolving a copper-con-

taining compound in an acidic aqueous me-

dium, and wherein the temperature of the pre< - ~—~ -

cursor solution that is being applied to the -
substrate is greater than the substrate - tem-..:.......‘

perature.

Method of claim 1 or 2, comprising maintaining .
..the.layer in.contact. with. an. oxygen-containing ..——
atmosphers during substantially all of step b). =

Method of claim 1 or.2, comprising providing a -+~ 1z =7

substrate, with at least a part of the surface.of.... ..

the substrate consisting of a material that is
substantially inert during b) with respect to
oxygen and with respect to the layer material.

Method of claim 6, comprising selecting the
substrate from the group consisting of
Mg0,2rO;, and SITiQs.

Method of claim 1 or 2, comprising providing a
substrate comprising a first substrate mataerial
and a barrier layer on at least part of the first
substrate material.

Method of claim 8, comprising selecting a bar-
rier layer that consists substantially of material
selected from the group consisting of Au, Ag,
MgO, ZrO;, and SrTiOa.

Method of claim 1 or 2, comprising selecting a
substrate that is a filamentary body.

Method of claim 1 or 2, wherein a}) comprises
spraying the precursor solution onto the major




olutlon is formed by dlssolvmg one or more

vent

[T

.,_.__.....,_.1,3. .Method _of. claim .12, wherein the precursor.

{solution is formed by dissolving at least one
_metallq—organic compound selected from the

"’Of?E[“ oratoluene
14.~Method of -claim 13, comprising dissolving at
- |oast one metallo-organic compound sslected
...from -the. group. consisting of copper ethylhex-
--anocate, copper isobutyrate, barium ethylhex-
~---anoate, and barium isobutyrate, and wherein b)

- cornprlses heating the Iayer to a temperature

}métaux. de fagon & former une couche

T " mogéne, et
~b} le chauffage d'au moins une partle de la
.couche en présence d'oxygéne, de fagon
qu'au moins une partie notable du matériau
de cette partie de la couche soit transfor-
~w- .- 'mée en un matériau supraconducteur
consistant en oxyde métallique;
dans lequel I'étape b) comprend le chauf-
. . . fage de la couche jusqu'a une premiére tem-
-ween - - - pérature dans la plage de 250-450°C, de fa-
' gon que les constituants indésirables soient
- pratiquement éliminés de ia couche, elle com-
‘prend en outre le chauffage de la couche a
‘une seconde température dans la plage de
o 600-1000°C pendant une durde suffisante
- pour provoguer la transformation d'au moins
une partie notable du matériau de la couche,
_.pour donner une phase qui ost associée & la
supraconductivité; et eile comprend en outre le
refroidissement de la couche jusqu'a une troi-
sidme température dans la plage de 300-
500°C, et la mise en contact de la couche
avec une atmosphére contenant de |'oxygéne,
R e -de -fagon qu'il se produise une oxygeénation

_‘ metatlo-orgamc comp0unds in an orgamc sol- '

~_group_consisting of the ethylhexanoates and
the_ butyrates, and wherein the solvent is chlo-

'fd‘une solution de précurseur contenant des -
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effective du matériau de la couche.

Procédé selon la revendidation 1 comptenant
‘la sélection de la solution de précurseur et des
conditions de I'étape b) de fagon que le maté-

_riau supraconducteur consistant en oxyde mé-

tallique ait la compositlon
Bay.,[M;. ,X,‘,,,CuaOg.a. dans laquelle M est sé-
lactionné dans le groupe qui comprend Y, Eu

“choisir, qui est dltférent’de Ba, Y, Eu et La, st

nominale

..ot La, et X est un composant que.llon_peut. .___.

qui est sélectionné dans le groupe’ cornprenant

les &léments ayant des numéros atomiques.
. 57-71,Sc, CaotSr,avec 0sx + ys.1,15<

5 < 2,5, et Ba et M étant non substitués dans
un pourcentage atomique d'au moins 50%.

Procédé selon la revendication 1 ou 2, com-
prenant la sélection d'une solution de.précur-

seur qui comprend Cu, Ba et Y, la concentra-. ._..

tion molaire de Cu dans la solution de précur-
seur étant d'au moins environ 0,01, :

Procédé selon la revendication 1, comprenant ™

la formation de la soiution de précurseur par
dissolution d'un composé contenant du cuivre
dans un milieu aqueux acide, et dans lequsel la
température de la solution de précurseur qui
ost appliquée au substrat est supérleure
température du substrat IR

Procédé selon la reven‘dication 1 ou°2, coms -~

prenant le maintien de’ la couche en contact

.. avec une atmosphére contenant.de. |'oxygéne . _

pendant pratiquement la totalité de I'étape b).”

Procédé selon la revendication 1 ou 2, com~ ..

prenant 'opération qui consiste & fournir un
substrat, et une partie au moins de la surface
du substrat consiste en un matériau qui est
pratiquement inerte pendant |'étape b), vis-a-
vis de I'oxygéne et vis-a-vis du matériau de la
couche,

Procédé selon la revendication 6, comprenant
la sélection du substrat dans le groupe qui
comprend MgQ, ZrO, et SrTiQa.

Procédé selon la revendication 1 ou 2, com-
prenant l'opération qui consiste & fournir un
substrat qui est constitué par un premier maté-
riau de substrat et par une couche de barriére
sur au moins une partie du premier matériau
de substrat.

Procédé selon la revendication 8, comprenant
la sélection d'une couche de barridre qui
consiste pratiquement en un matériau sélec-




S

Q;..ZLL.QLSJ’.TLO:;

: .-j-’,,prenant 1a ‘sélection d'un substrat qui_ con_slste
—-=80 UN Corps Sous: forme de fllaments

B

b e o -

".-on forme Ia solution de précurseur en dissol-
—vant_au..moins .un. composé organométailique

akisobutyrate-de-baryum, et dans lequel I'étape e
=======h).comprend.le chauffage de la couche.jusqua

zune température dans la plage de 820-

__;LLLJ..__Verfahren.zur.Herstellung einer supra leitenden

- Metall-enthaltenden  Oxidschicht auf einer
Oberflache sines Substrats mit den Schritten:
a) Aufbrlngen ainer Metall-enthaltenden Vor-
~lduferidsung auf die Oberfliche des Sub-
- -strats, derart, da8 sich seine im wesentlichen
~.homogene, Metall-enthaltende Schicht er-
+gibt, und
-~—=p} Erhitzen wenigstens eines Teils der
.. -2 3Chicht In. Gegenwart von Sauerstoff, derart,
-..daB wenigstens ein wesentlicher Teil des
~ Materials in dem Teil der Schicht in ein

~gupra leitendes Metall-Oxidmaterial umge-
- -wandelt wird, wobei

der Schritt b) umfagt:

a5 ey s

lonné dans Ie groupe comprenant Au. Ag,
) ,,ferner

" eine Zeitdauer, die ausreicht, um zu einer Um-

. cédé..selonﬁla revendlcatlon 1 ou 2 dans B
—lequel I'étape a) comprend la pulvérisation de

a-isolutlon -de-précurseur sur la surface pringi- - -
%_ﬂ__pala. dans une condition dans laquelle la tem-

~-~peratur im Bereich von 300 bis 500 *-G-sowie——

‘materials ergibt. B

..bei der die Vorlﬁuferldsung und die. Bedmgum i
_gen_des Schrittes b) derart gewdhlt sind, dad -
"das supra isitende, Metall-Oxidmaterial eine no-
_minelle ' - .Zusammensetzung

_Gruppe, die aus den Elementen der Ordnungs- '
. .Zahlen 57 bis 71, Sc, Ca. und Sr.mit. 0<x_+._.

'Verfahren nach Anspruch 1 oder 2. - N—
. .bei dem eine Vorliuterlésung gewﬁhlt ist, dle,;‘ T,
: Gu. Ba und Y umfast, wobel die Cu-Konzentra-A‘w

s '.'0 01 Molar |st

sentllchen aus der Schicht entfernt werden,‘

A

Erhitzeri der Schlcht auf eine_zwelite Tem-

peratur im Bereich von 600 bis 1000 G f(lr___ )
wandlung wenigstens eines wesentlichen Teils.
des Schichtmaterials in:eine Phass zu .erge--*

-ben, der Supraleitfdhigkeit zugeordnet ist, .und...

- Abkithlen der Schicht auf elne dritte Teme- oy

.in - Kontaktbringen 'der ‘Schicht. ‘'mit .einer._
Sauerstoff-enthaltenden Athmosphéire, derart,
da8 sich eine wirksame Oxndatlon des Schlcht-

T

Verfahren nach Anspruch 1 .

BazxMy ,)(,.,Cuaow. wobei M gewibhlt Ist aus .
der aus Y, Eu und La bestshenden Gruppe
und X eine wahlfreie, von Ba, Y, Eu und La .~ .7
varschiedene Komponente gewihit aus -der

y<1, 1,5<6<2,5, und Ba und M wenigstens 50.. vt
Atomprozent unsubstituiert sind T St

Verfahren nach Anspruch 1.
bei - dem die Vorlduferlésung durch Auflﬁsen
giner Kupfer-enthaltenden Verbindung in einem
sauren wissrigen Medium hergestelit wird und
bei dem die Temperatur der Vorliuferidsung,
dio auf das Substrat aufgebracht wird, grd8er e
als die Substrattemperatur ist. '

Verfahren nach Anspruch 1 oder 2,

bei dem die Schicht wihrend im wesentlichen
des gesamten Schrittes b) in Kontakt mit einer
Sauerstoff-enthaltenden Athmosphéire gehalten . -7 1.0
wird. o

Vertahren nach Anspruch 1 oder 2, e e
bei dem ein Substrat verwendet wird, von dem

wenigstens ein Teil seiner Oberfldche aus ei- o
nem Material besteht, das wihrend des Schrit- L e
tes b) mit wesentlichen inert mit Bezug auf -~
Sauerstoff und mit Bezug auf das Schichtmate-
rial ist. e e e e

Verfahren nach Anspruch 6,
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_‘“bel' dem das Substrat aus der Gruppe ausge- |
wahlt wurd qle ausl MgO Zl‘Oz und SrTiOa

erfahren nach Anspruch 1 oder 2 B 6
bei dem ein Substrat verwandet wird, das’ eln

1o

‘;--‘GI demeine Sperrscmcht gewa’hlt wird, die im"~ 7
-wesentlichen- aus einem Material besteht, das -~ - ==~
"‘-::‘I-a"r«»,.;::',aus der-aus Au, Ag, MgO, ZrO; und STy -
_._v_'i._'.._“....u,.bestehenden Gruppe gewﬁhlt wird. . %
'__"bel “dem- ein Substrat gewéhlt wurd das ein
: adentormiger Kﬁrper ist. - : '

Verfahren nach Anspruch 1 oder 2
bei“dem der Schritt a) das Aufsprilhen der
VorlduferlSsung auf die Hauptfliche umfast,
wobei die Temperatur des Substrats wesent-
ich. hoher ats dle Temperatur der Vorlauferlo— .2
sung ist. ; : o

| s T R

.30

-_-~—: -dungen in- amem orgamschen Lﬁsungsmlttel
mhergesteltt wwd &
%
.nlgstens ‘siner Metall-orgamschen Verbindung
mm “*~hergestellt wird, die aus der aus den Ethylhe-
—xancaten ~ und 'den Butyraten hestehenden
.o, [Gruppe gewdhit wird und bei dem das L&-
2.z Sungsmittel Chloroform oder Toluol ist. 40

14.Verfahren nach Anspruch 13,

"bei dem wenigstens eine Metall-organische
“Varbindung geldst wird, die aus der aus

- Kupter-Ethylhexanoat, Kupfer-lsobutyrat, 45
'“Barium-Eththexanoat und Barium-isobutyrat

: - bestehenden Gruppe gewihit ist und bei dem .
i . .der Schritt b) das Erhitzen der Schicht auf sine — e -
' SR Temperatur im Bereich von 820 bis 1000° C '

. .umfaBt 50

&6
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