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sium on High T Superconductors, Newport Beach, CA
March 1988, report the use of pulsed laser deposition

METALORGANIC DEPOSITION METHOD FOR
FORMING EPITAXIAL THALLIUM-BASED
COPPER OXIDE SUPERCONDUCI'ING FILMS

for preparation of high T, superconducting thin ?lms.
Venkatesan et a1, and Wu et al, supra claim to have
achieved YBaCuO ?lms that are superconducting after

INTRODUCTION
1. Technical Field
The subject invention concerns the production of

deposition at 650° C., followed by oxygen annealing at
450° C. Witanachchi et al (Appl. Phys. Lett, in press)
report that with the addition of DC bias plasma during
laser ablation of high Tc superconducting YBaCuO thin

superconductor ?lms on substrates and devices pre
l0 ?lms, in situ superconducting ?lms can be achieved at
pared with such structures.

2. Background

substrate temperatures as low as 400° C.

The recent scienti?c revolution in high temperature
SUMMARY OF THE INVENTION
superconductivity has resulted in the discovery of many
new metal oxide compounds, particularly copper oxide
Methods, compositions and devices are provided
compounds, that exhibit this unique property. These 5 concerning thallium based superconducting ?lms on a
discoveries have brought about a dramatic increase in
substrate. The methods provide for controlled forma

the superconducting transition temperatures (Tc). The

tion of a thallium superconductive ?lm on a substrate to

initial compounds were, for the most part, based on the
combination of alkaline earth metals and rare earth

provide components of electronic devices particularly

metals, such as barium and yttrium in conjunction with
copper. More recently, thallium based superconductors
have been prepared, where the compositions have vari

gel and laser ablation techniques are exempli?ed, where
with particular substrates, epitaxial growth can be

for microwave and millimeter wave applications. Sol

ous stoichiometries of thallium, calcium, barium copper
and oxygen. The thallium materials have been more
dif?cult to process, since thallium is able to undergo a 25
change in oxidation state to a composition which is

liquid at processing temperatures. Thallium oxides have
a relatively high vapor pressure and this has added to
the dif?culties in processing to ensure that the crystal
structure has the correct stoichiometry. For the most
part, sealed Au or Pt ampoules are used to control Tl

achieved.
DESCRIPTION OF THE SPECIFIC

EMBODIMENTS
Methods, compositions and devices are provided
comprising a thin ?lm‘ thallium based superconductor

composition. The compositions comprise thallium-(cal
cium),,-barium-copper oxide (x=0 or 1) ?lms on a vari

ety of substrates, particularly crystalline substrates.

volatilization by developing a controlled overpressure
of Tl and oxygen above the ?lm during high tempera

Methods which have been employed to produce the
?lms are both chemical and physical deposition tech

ever, in order to be useful, the ?lms must be fairly uni

strates ?nd use as components in a wide variety of elec

niques and include sol-gel and laser ablation techniques
ture processing.
Superconducting ?lms are of great interest. How 35 as preferred. The superconductor layer coated sub

form, be capable of carrying the current requirements

tronic devices, particularly with microwave and milli

of the device, have a superconducting transition tem

meter wave applications.

The ?lms which are provided are primarily thallium
perature desirably substantially greater than the temper
ature of liquid nitrogen, have much lower surface resis 40 calcium-barium~copper oxides, with a stoichiometry
which may include 2021, 2122, 2223, or such other
tance than copper, and be capable of reproducible prep
stoichiometries as may be employed. The ?lms will be
aration.
oriented ?lms, so as to have a substantially uniform
3. Relevant Literature
crystallinity. The ?lms may be comprised of a single
Ginley and co-workers at Sandia National Laborato
ries recently reported the preparation of superconduc 45 crystal or a plurality of crystals joined at their grain
boundaries. The ?lms will be highly oriented with the
ting thin ?lms of the 2122 thallium compound (T12,Ca,
c-axis substantially normal to the surface of the sub
B82,CU2,03) Jim Kwak at the same laboratory has re
strate as demonstrated by X-ray analysis or electron
ported polycrystalline thallium based ?lms on yttria
beam channeling techniques. For the most part, single
stabilized zirconia. Their ?lms were prepared on yttria
phase ?lms will be obtained, although, as desired, mixes
stablized zirconia substrates by sequential e-beam evap
of two of the phases or related phases may be achieved
oration of the individual metals on the substrate, fol
within the ?lm or polycrystalline ?lms may be pre
lowed by a post deposition reaction step in a closed
platinum crucible. The ?lms that were obtained were
unoriented and exhibited a transition temperature of 97

pared.

The thickness of the ?lm may be controlled, being a
K. IBM has reported preparing oriented thin ?lms of 55 one layer thickness, where the layer includes all of the
the 2223 and 2122 compounds by rf diode sputtering.
necessary planes to obtain superconductivity, generally
A large number of articles have been published con
from about 30-50 A“ , or may be as thick as two microns
cerned with the thallium compounds. Illustrative of
or greater, depending upon the particular application.
The thickness of the ?lm is primarily of practical con
these articles are Sheng and Hermann, Nature, (1988)

332:55-58; Sheng and Hermann, Nature, (1988)
332:138-139; Ginley etal, Physica C, (1988) 152:217-222;

60 sideration, rather than a signi?cant limitation as a result

Superconductor Week, Vol 2, No. 18, May 9, 1988, re
ported that Sandia had reported that thallium unori
ented polycrystalline thin ?lms have reached critical

For many uses, a fraction of a micron thickness will

of the procedures employed.

be employed. The ?lm will have a superconducting
transition temperature of at least 75 K., more usually 90
current densities of 110,000 A/cm2 with a Tc 97 K. in 65 K., preferably at least about 100 K., more preferably
the presence of a high magnetic ?eld (6 Tesla).
about 115 K., and particularly preferred at least about
Venkatesan et al, Appl. Phys. Lett. (1988)
125 K., where the transition temperature has so far been
52:1193-1195, and Wu et 01, Proceedings of SPIE Sympo
substantially less than about 150 K. 2122 composition

3
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?lms can be achieved with a Tc of at least 110 K. and
2223 ?ls with a To of at least 125 K. The superconduc

4

lize onto the substrate. A liquid composition can be
formed with thallous oxide as the solvent with the other
oxides dissolved in the thallous oxide at an elevated

ting transition temperature should be as high as feasible,
though in some situations one parameter may be com

temperature and with the correct stoichiometry. Upon

promised for another parameter.

cooling, the metal oxides will crystallize to form an

The ?lms will usually have critical current densities

epitaxial layer. One need not use the oxides initially, but

of at least about 103 A/cm2, usually at least about 106

can use metal compounds which may serve as the

A/cm2. For microwave and millimeter applications, the
surface resistance or impedance will generally be less
than about 10-3Q more usually less than about lO—4.Q,

source of the metals in the liquid phase, where the coun»
terions and conditions results in the formation of the
desired oxide.

at l0 GHz and at a temperature above 50 K., preferably
above about 75 K.

polished surfaces of the substrate. The surface may be

The ?lms will be substantially free of contaminants,
having less than about 10 wt. %, preferably less than

cally. Single crystal substrates are necessary to obtain

The liquid phase epitaxial procedure employs highly
polished mechanically or chemically, preferably chemi

about 5 wt. % of material not involved with the super

epitaxial ?lm structures. For example, single crystal
magnesium oxide <l00>may be polished using hot

conducting crystal. For the'most part, ?lms will be at
least about 0.5 mm as their smallest dimension and 3 mm

concentrated phosphoric acid by e.g. about 80° C. with
85% phosphoric acid for 10 min or by lapping the sur~

or as large as 5 mm or more as their smallest dimension

in the ab plane.
face ?at and to the desired orientation and then immers
The ?lms will be of high quality as demonstrated by 20 ing in conc. phosphoric acid at 50° C. for 1-3 min. The
low lattice fault densities. By low lattice fault density is
resulting crystal surface should be very clean, and pro
intended a suf?ciently low fault density to demonstrate
vide a substantially defect free surface. The particular
the intrinsic superconducting physical transport proper
manner in which the surface is polished is not critical to
ties and sufficient to achieve required device property
this invention. Desirably, as exemplary of magnesium

requirements. In addition, smooth surface morphologies

25

can be achieved as well as uniform thickness.

Furthermore, the ?lms may be grown epitaxially on

oxide, the (100) plane surface will be employed.
A gel composition is prepared employing metal soaps
providing for the correct stoichiometry. The soaps will

substrates, where the crystal lattice of the superconduc

be carboxylates of at least about 6 carbon atoms, prefer
tor does not differ by more than about 10%, usually not
ably at least about 8 carbon atoms, and usually not more
more than about 9% in lattice mismatch. That is, along 30 than 16 carbon atoms, more usually not more than 12
the a-axis of the crystal, the difference in lattice parame
carbon atoms. Conveniently, the 2-ethylhexanoates
ter between their a 3X55 (asubslrate_asuperconducmr/a sub
have found use, although neodecanoates, or other
strate) may differ by up to about 10% and still obtain
branched chain, particularly alpha-branched chain fatty
epitaxial growth. Epitaxy is desirable but is not required
acid may be employed. The metal soaps are prepared in
to obtain highly oriented c-axis ?lms. However, in addi~ 35 accordance with conventional procedures. The soaps
tion to being highly oriented, one may also achieve
are dispersed in an appropriate medium, particularly

epitaxy by appropriate choice of substrate.

hydrocarbons or halohydrocarbons boiling in the range

Epitaxial Tl 2223 and 2122 ?lms on {100} surfaces of

of about 40° C. to 100° C., such as chloroform, toluene,

MgO having intentional deviations of a few degrees

xylene, benzene, methylene dichloride, etc., and the

from nominal orientation on axis can be bene?cial. In a 40

mixture made homogeneous by agitation, for example

Tl 2223 ?lm the <00] >axis (lattice parameter, c
=36.26 A ) is substantially coincident with the <00

shaking, for several hours. Adjuvants may be added,
such as thickeners, e.g. polysaccharides. The resulting

l>axis of the MgO substrate or is at a systematic angu

solution is then coated onto the substrate. Coating can
be achieved by putting the viscous solution onto the
45 surface to be coated and spinning the surface by centrif
has its < l00> and <0l0>axes parallel or ata system
ugation for a short time to ensure the substantially uni
atic deviation to the analogous axes of the MgO sub
form distribution of the ?lm. Alternatively, the sub

lar deviation in epitaxy with large lattice mismatches.
Besides the parallel <00l>axes, the epitaxial Tl ?lm

strate.

Various substrates including polycrystalline sub

strate may be dipped into the solution, protecting those
areas of the substrate which are not to be coated. Any

strates may be employed, depending upon the particular 50 technique which allows for substantially uniform coat
use for the coated substrate, whether one wishes epi
ing of the ?lm may be employed.
taxy, the particular processing conditions, and the like.
The coated substrate is then pyrolyzed for a short
Substrates which may ?nd use include magnesium ox

ide, yttrium stabilized zirconia, sapphire, alumina, sili

time at an elevated temperature, generally in the range
of about 150° C. to 500° C., preferably in the range of

con, lanthanum aluminate, strontium titanate, gallium
arsenide, calcium fluoride.
Various techniques may be employed for producing

55 about 150° C. to 300° C. Tl volatilization can occur at

phase epitaxial coating as exempli?ed by sol-gel coating

65 sired, in order to enhance the thickness of the metal

temperatures as low as 100° C., so that Tl overpressures

and oxidizing atmospheres are employed to control
thallium based superconductors on a solid substrate.
phase formation and to limit Tl loss and formation of
Techniques which have been employed in the past with
undesired second phases in the ?lm. The pyrolysis time
other superconductor metal oxide compositions include 60 and temperature should be selected to substantially
laser ablation, thermal evaporation, liquid phase epi~
ensure the complete decomposition of the fatty acids, so
taxy, electron beam, evaporation beam or magnetron
as to leave a thin ?lm of metal oxides, the pyrolysis
sputtering, and chemical vapor deposition. Illustrative
occurring in the presence of oxygen, conveniently air.
of methods for producing the subject layers are liquid
The procedure may be repeated as many times as de
and laser ablation.

Liquid phase epitaxial ?lm formation involves a liq
uid coat on a substrate, where the metal oxides crystal

oxide ?lm. Desirably, the subsequent pyrolyses, may be
carried out at a lower temperature than the initial pyrol

ysis, where the initial pyrolysis is carried out in the

5
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upper portion of the temperature range, e.g., 250°—450°
C., and the subsequent pyrolyses are carried out at a

temperature in the range of about 200°—350° C. Usually,
at least about 60% of the volatile organic material is
removed and by extending the heating period, a con
stant weight can be realized. Care must be taken to

minimize thallium volatilization when pyrolysing above
300° C. The ?lm forming will be carried out at least
once, more usually twice, and may be ?ve times or
more, usually not more than about four times.

The thickness of the layer will depend upon a number

of parameters: the viscosity of the gel, the time for
spinning, the revolutions per minute, the temperature at

6

quartz window, where a laser beam of appropriate en
ergy and wave length impinges on the target causing a
plume of ablated vapor normal to the target surface.
The substrate is placed substantially normal to the di
rection of the plume, so as to receive the atoms in the
plume, where the atoms bind to the surface of the sub
strate. The substrate is normally maintained at an ele
vated temperature during the deposition.
I
The laser ablation target can conveniently be made in
10 the same manner as the sol-gel coating in the pyrolysis

technique. Thus, a uniform ?lm of the various carboxyl
ates can be prepared and pyrolyzed as described previ

ously to produce the desired oxide mixture. Pyrolysis

which the substrate is spun, and the like. Where other
can be carried out in the presence of oxygen, so as to
techniques are used to provide the coating, such as 5 ensure the formation of the desired metal oxides in their

dipping, spraying, spreading with a blade, or the like,
different parameters may be involved.

Once the substrate surface has been coated to the

desired degree, the substrate may then be introduced

proper oxidation state.
The laser energy will generally be from about 1-3 J/cmz. The ?lm on the target will have the same com
position so far as metal molar ratio as the intended com

into a closed inert vessel, containing pellets with the 20
position on the substrate. The target will usually be of

appropriate molar ratio maintaining the stoichiometry
of the ?lm in the presence of a source of oxygen. The

molar ratio for the pellets is determined by the phase
that is desired within the ?lm. Other factors that affect

from about 0.5 to 10 in.2 in surface area and about 0.001
to 0.10 in. thickness.
The laser may be focused to cover various areas.

the ?lm composition include the geometry and tempera 25 Usually, the laser may impinge upon the surface over a

ture of the source material and the T1 overpressure.

Conveniently, air, pure oxygen, or other source of

oxidizing oxygen may be employed, e.g., hydrogen
peroxide or ozone. The pellet composition will vary

depending upon the particular thallium superconductor
one wishes to prepare. For example, for the 2223 com

position, the pellets will have a Tl: Ca: Ba: Cu 1:3:l:3
molar ratio. The inert tube is conveniently a passivated

noble metal, most conveniently gold or plated quartz,
which may be externally reinforced to support the pres
sures during the reactions.
The temperature will be at least about 600° C., more
usually at least about 630° C., and not more than about

wide range of angles from a minimum of about 2“ up to

90". A typical impingement angle is about 25°. The‘ area
impinged by the laser will generally be at least about
2mm2 and not more than about 50mm2 A typical area is

about l5mm2. The ratio of length to width will depend
upon the angle of impingement, and will generally be at
least 2 to l, and not more than about 20 to l, more

usually not more than about 10 to 1. By employing an
energy in the range of about 2 J/cm2 per pulse, one can
deposit about one monolayer, generally about 3A° thick

with each pulse. By controlling the number of pulses
per second, which would generally range from about
0.5 to 50, one can achieve an accretion on the substrate

of about 0.1 um/min.
950° C., frequently in the range of about 800°—900° C.
The temperature may be monitored in any convenient 40 The target will usually be relatively close to the sub
strate, usually not less than about 2cm and not more
way, conveniently a thermocouple. Usually, the tem
than about 5 cm, preferably about 3cm. The chamber
perature will be achieved rapidly, generally under ?ve
will be evacuated to under 300mTorr, preferably from
minutes, preferably under three minutes, more usually
about 2 to l00mTorr, more preferably about 2 to
from about 0.5-3 minutes. Slower heating rates (20°
C./min) may be employed to give continuous supercon 45 20mTorr. Various inorganic oxidizing gases may be
present, such as oxygen, air, hydrogen peroxide, ozone,
ducting ?lms of smaller grain size. The tube may then
nitrogen oxides, such as nitrous oxide and nitric oxide,
be heated at a temperature or temperatures in the range
or the like, where the inorganic oxygen source can be
indicated above, generally for suf?cient time to ensure
activated by virtue of the laser beam or an independent
complete pyrolysis of any residual carbon compounds
energy source. For example, an oxidizing gas source
and allow for the atoms to assume the proper lattice
may be directed toward the layer in the substrate where
structure. Generally, the time will be at least about
the gas has been activated, for example, oxygen acti
three minutes and not more than about 60 minutes, more
vated by passing through an electric ?eld or laser.
usually in the range from about two to 25 minutes,
The substrate will generally be maintained at a tem
preferably from about two to ten minutes. At the end of
this time, the tube may be removed from the heating 55 perature in the range of about 450°-750° C., preferably
source and allowed to cool. Normally, there need not
about 500°~650° C. The temperatures which are main
be any effort at rapid quenching, so that the tube may be
tained will allow for the atoms to form the proper crys
allowed to sit at room temperature, without providing
tal structure, but should be kept as low as possible to
for a rapid reduction in temperature.
minimize interdiffusion between the ?lm and substrate

A second preferred procedure for preparing the sub
ject ?lms employs laser ablation. In accordance with
this invention, laser ablation is achieved by preparing an
appropriate target. The apparatus for the most part, is
conventional and is described in Wu et al, supra. A

target is prepared by placing the appropriate composi

and to minimize thallium loss by vaporization. The
lower the temperature which is used for the substrate,
the slower the deposition rate which should be em
ployed. Alternatively, one can increase the energy of

the atoms and molecules in the plume by providing for
65 a plasma in the ablated plume. This additional energy

tion of metals or metal oxides on the surface of a support
which can be rotated at a controlled rate. The target on

structure at low temperature, and increases the rate at

its support is placed in a vacuum chamber having a

which the ?lm may be grown.

increases the atoms‘ ability to form the proper crystal

7
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In some instances, where thallium may be lost be
cause of its higher vapor pressure, it may be desirable to
increase the amount of thallium in the target. Alterna
tively, thallium loss can be minimized by maintaining a

8

EXPERIMENTAL
The individual metal carboxylates compounds were

prepared following established procedures. The result
5 ing solutions of metal soap compounds in chloroform
were reduced in volume by analyzed by atomic absorp~
It may be desirable to sequentially ablate one or a

higher oxidation potential in the apparatus.

tion for their metal contents. These precursor solutions
were then used to prepare the precursor sol by combin

combination of metals or metal oxides, so that layers of

different composition are deposited sequentially to pro
vide the different atomic layers of the crystal.

ing 5g copper 2-ethylhexanoate, 3.29g barium 2-ethyl
hexanoate,
3.14g calcium 2-ethylhexanoate, and 8.462g
The subject device components can be used in a wide 10
thallium Z-ethylhexanoate in 5 ml of chloroform. The
variety of devices. Because superconductive layers
precursor stoichiometry was TlgCagBagCug. The solu
tion was mixed by shaking for several hours. This pre

have low microwave surface impedance, they ?nd use
in numerous microwave and millimeter wave applica

cursor solution was spun onto a single crystal yttria

tions. The subject elements comprising the substrate 15 stabilized
and ?lm, by appropriate choice of substrates, may ?nd
zirconia (< lOO>orientation) substrate at 400 rpm for
use in radio frequency cavities and resonators, micro
30 sec followed by pyrolysis at 400° C. for 5 min. This
wave shielding, antennas, in transmission lines, employ
spin/pyrolysis procedure was repeated twice more at
ing different structures, such as coaxial, microstrip,
250’ C. Oxide pellets with a molar ratio Tl:Ca:Ba:Cu
coplanar wave guide, coplanar strip line, inverted or 20 l:3:1:3 prepared by mixing the individual oxides to
suspended microstrip, and the like. The devices ?nd use
gether by griding and then pressing uniaxially in a Car
in signal communications or delays, ?lters, resonators
ver press. The pellets and the coated substrate were
and oscillators, circuit interconnections, power combin
placed in air in a i diameter gold tube and hermetically
ers, and antenna feeds.
sealed. The sealed gold tube was attached to a thermo
For a narrowband microwave ?lter with supercon~ 25 coupled probe using wire and inserted into a preheated

ducting resonator elements, the speci?cations

tube furnace. The material was brought to a tempera
ture of 855° C. in 2 min and held for 10 min. The sample

Transmission medium:

was then removed from the furnace and cooled to room

microstrip coupled lines (5-15 resonator elements)
Bandwidth:
0.140% at the center frequency (f0)
Dimensions:
S:C thickness (t)=l micron

tr=9.65 (MgO)
Loss tangent=0,0002 (MgO)
Substrate height (h)=25 mils
Spacing (s): 10-150 mils
Line width (w): 1-40 mils

Length (l)=0.25 guide wavelength at f0
l=ll4 mils at 1061-12

Package dimensions:
X=1 in.
Y-l in.
Z=O.25 in.

temperature. The entire ?lm processing procedure re
30 quired about 15 min to complete.

Optical micrographs of the pyrolyzed ?lm revealed
the presence of a large number of plate and needle-like
(plate on edge) structures throughout the ?lm. Both
structures
were found to have, by chemical analysis, the
35

2223 composition. Scanning election microscopy of the

?lm showed the plate-like morphology of the supercon

ducting 2223 compound. The micrograph also showed
the spherical Ca/Tl oxide deposits that inhabit regions
immediately adjacent to the plate-like structures. The
40 composition of the plate was determined by SEM-EDX
(scanning electron microscopy energy dispersion x-ray
spectroscopy) to consist of 12.1 atomic percent Ba, 12.2
Tl, 11.9 Ca and 19.8 Cu. The compositional analysis
results were consistent from area to area and are consis

The ?lter is packaged in a shielded case and cooled to 45 tent with the material possessing a 2223 metal stoichi
77° K. and connected with an SMA coaxial connector
ometry. The highly oriented nature of the 2223 ?lm is
to other hardware part.
indicated by the large enhancement of the <00l >re
Dela lines are an integral part of a digital instanta
?ections. A minor peak at 6° was indicative of a very

neous frequency measurement (DIFM) component.
The speci?cations could be as follows:

Dimensions:

Superconductor thickness (t)=145A°
t,: 9.65 (MgO)

small amount of the 2122 phase in the ?lm. The temper
50 ature dependent magnetic susceptibility measurement
was performed on the ?lm on the assumption that‘the
material consisted of a 2 micron thick fully dense ?lm. It
was calculated that greater than 60% of the material

became superconductive.

Loss tangent=0.0002 (MgO)
Substrate height (h)=100p.-25 mils
Line width (W): l-Sn
Total length (l)=20 cm
Package dimensions:
X=l in.
Y=1 in.
2:025 in.
The delay line can be packaged in a shielded case
thermally attached to a 77° K. cold ?nger with SMA

To prepare the 2122 composition, the above proce
dure was repeated, except the composition of the source
material corresponded to a Tl:Ca:Ba:Cu atomic ratio of
2:2:2:3. The temperature was slightly modi?ed to 860°
C. for reaction and the substrate which was employed
6° was a magnesium oxide substrate single crystal that had

55

been chemically polished using hot concentrated phos’
phoric acid as described previously (See Sanywal and

Sutaria, J. Mater. Sci. (1976) 15 11:2271-2282) to pro
vide
a substantially defect free (< lOO>) surface.
coaxial connectors interconnecting the delay line within 65
Optical micrographs of the pyrolyzed ?lm revealed
the DIFM.

The following examples are offered by way of illus
tration and not by way of limitation.

the presence of a large number of plate-like structures
throughout the ?lm. These structures were found by
SEM-EDX to have a chemical composition corre

9
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sponding to the 2122 material. SEM of the ?lm clearly

10

The subject articles comprising superconductive thal

showed the plate-like morphology of the superconduc

lium-based layers on crystalline substrates provide for
an extraordinary advance over previously prepared
materials. The subject articles have superconductive
properties at liquid nitrogen or higher temperatures, are
highly oriented and in many instances are grown epitax

ting 2122 compound. The ?lm was highly c-oriented as

indicated by highly enhanced <00L>re?ections. The
?lm was found to be epitaxial by comparing electron

channeling patterns of the single crystal substrate with
that of the ?lm in various regions. The morphology of

ially on a crystalline substrate and as shown, provide for ,

the ?lm is strongly indicative of the presence of an

a number of highly desirable physical and electrical

intermediate liquid phase during processing. The sur

properties.

face of the ?lm (which resembles thin ?lm surfaces

In addition, novel methods have been provided for

obtained by liquid phase epitaxial growth techniques),

producing the subject compositions, where growth can

was analyzed by EDX to have the correct cation stoi

be carefully controlled, so as to provide for highly ori
ented and epitaxial ?lms. In addition, the thickness can
be controlled, so as to provide for greater homogeneity
and uniformity of the sol-gel ?lm. Also, the rate of
growth of the crystallites is controlled under controlled
temperature conditions, to provide for substantial ho

chiometry for the 2122 compound.

Electron beam channeling patterns were obtained
from many representative areas within the ?lm. Elec
tron channeling patterns of the ?lm revealed that the
orientation of the a, b plane within the 2122 ?lm was
identical to that of the substrate in many areas through
mogeneity.
out the film. In a few areas, the channeling pattern of
Advantages of the sol-gel technique include the capa
the ?lm was slightly misoriented (by a constant amount) 20 bility to coat large areas uniformly, atomic-scale mixing
from the substrate, perhaps indicative of a buildup of
of the components at room temperature, low tempera
strain or dislocations at the ?lm/substrate interface due
ture synthesis of mixed metal oxides, amenability to
to lattice mismatch which is approximately 9%. The
powder, bulk, ?lm or ?ber development as well as at
lattice registry with the surface was maintained not only
taining of high chemical purities.
25
at layers close to the magnesium oxide substrate, but
The laser ablation system has the advantages of
also at the top of plates many microns from the substrate
safety, the system is opened at room temperature, the
surface.
superconducting Tl ?lms are formed in situ, and the
To deposit a thallium-based superconducting ?lm, for
ablation and condensation zone may be surrounded by
example of the 2223 composition, a substrate is loaded
disposable shields, where stray thallium will deposit,
into a specially designed vacuum chamber, and held in
rate of growth and thickness can be carefully con
position where it faces a target approximately 3 cm
trolled, and epitaxial growth can be encouraged.

All publications and patent applications mentioned in
this speci?cation are indicative of the level of skill of
torr with oxygen, while the substrate is heated to a 35 those skilled in the art to which this invention pertains.
temperature between 400° and 600° C. Material is then
All publications and patent applications are herein in
vapor transported from the target to the substrate by
corporated by reference to the same extent as if each
laser ablation, using a laser energy density on the target
individual publication or patent application was speci?
of 1.5 to 2.0 Joules/cm? The laser is pulsed at 5H2 for
cally and individually indicated to be incorporated by
away. The vacuum chamber is evacuated to a pressure

of less than l>< l0-6 torr, then back ?lled to 5X10-3

reference.

5 to 10 minutes, depositing a ?lm 0.5 to 1.0 pm thick.
After ablation the ?lm is cooled to room temperature
and the substrate removed from the vacuum chamber.

The invention now being fully described, it will be

The ?lm thus deposited is continuous and smooth

apparent to one of ordinary skill in the art that many
changes and modi?cations can be made thereto without

over the entire substrate. In some locations there are

departing from the spirit or scope of the appended

particles on the ?lm surface that appear to have been 45 claims.
transported form the target either in solid particle form
What is claimed is:
or as small melted globules. The ?lm composition, mea
1. A method for producing a superconducting article

sured by energy dispersive x-ray spectroscopy, is found

comprising an oriented metal oxide superconducting

to be the same as the target composition for substrate
temperatures up to 400° C. Thus if the target has the

layer containing thallium, optionally calcium, barium
and copper, said layer being at least 30 A and having a
c-axis oriented normal to a crystalline substrate surface,

2223 composition, the ?lm has the same composition.
When the substrate temperature is 600° C., the maxi

said method comprising,

mum content of the ?lm is lower than that of the sub—

(1) coating the crystalline substrate surface with a

strate because the ?lm loses thallium by evaporation.
The loss can be compensated by increasing the thallium 55
content of the target.
The ?lms are not superconducting as deposited, but

and copper carboxylate soaps dispersed in a me

become superconducting after annealing at 750°—850°

conducting layer,

C. in a sealed gold pouch containing a source of thal
lium vapor.
60
Advantages of the laser ablation method include the
cleanliness inherent in vacuum deposition, precise and

repeatable control of the rate of ?lm growth, control of

?lm stoichiometry via the target composition, control
of oxygen activity via the choice of oxygen species

solution of thallium, optionally calcium, barium
dium of hydrocarbons of halohydrocarbons with a
stoichiometric metal ratio to form said oxide super

(2) prepyrolyzing said soaps coated on said substrate
at a temperature of 350° C. or less in an oxygen

containing atmosphere, and
(3) pyrolyzing said soaps at a temperature in the
range of 800°-900° C. in the presence of oxygen
and an overpressure of thallium for a suf?cient time

65

to produce said superconducting layer on said sub

and/or plasma activation, and the ability to grow on a
substrate at elevated temperature to encourage epitaxial

wherein usable portions of said superconducting layer

growth.

are epitaxial to said substrate.

strate,

11
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2. The method of claim 1 further comprising, after

12

7. The method according to claim 1, wherein said
substrate is magnesium oxide or yttria stabilized zirco

said coating and prepyrolyzing steps, the steps of:
recoating the substrate with a solution of thallium,

ma.

optionally calcium, barium and copper carboxylate

8. The method of claim 1 wherein the epitaxial super

soaps, and

5

re-prepyrolyzing the soaps,

conducting layer has the 2223 composition.
9. The method of claim 1 wherein the epitaxial super

3. The method of claim 2 wherein the soaps are re
prepyrolyzed at a lower temperature than they were

conducting layer has the 2122 composition.

originally prepyrolyzed.

said coating and prepyrolyzing steps, the steps of:

10. The method of claim 1 further comprising, before

4. The method of claim 1, wherein the prepyrolyzing

coating the substrate with a solution of thallium, op

step is at a temperature in the range of 250°-350° C.

tionally calcium, barium and copper carboxylate

5. The method according to claim 1, wherein said

soaps, and
prepyrolyzing the soaps at a temperature less than

soaps are 2-ethylhexanoates.

6. The method according to claim 1, wherein said

00° C.

soaps are neodecanoates.
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