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Abstract

The primary goal of the program was to establish the process parameters for the continuous
deposition of high quality, superconducting YBCO films on one meter lengths of buffered
RABiTS tape using MOCVD and to characterize the potential utility of the resulting tapes in
high field magnet applications. Additional efforts included the evaluation of thick films of
YBCO in an attempt to maximize the current carrying capacity of the tape and the use of
electrically conducting buffer layers to aid in quench resistance. The data gathered was to be
used to develop an appropriate tape architecture for fiu-ther evaluation. Progress on the primary
goal was severely hindered by the lack of availability of suitable one meter lengths of buffered
RABiTS tape. This led to a concentration on continuous deposition on non-epitaxially buffered
one meter lengths of tape in order to explore the potential for MOCVD as an appropriate
technique for tape fabrication. While the resulting tapes were not high quality superconductors,
the results were encouraging for future studies. Initial trials on thick films and conducting buffer
layers also yielded encouraging results.

IntroductionI
During the past several years, the field of High Energy Physics in the U.S. has seen a certain
amount of speculation on the subject of future facilities. Two of the more innovative proposals
are those involving muon colliders to attain high energy lepton collisions and really large hadron
colliders where synchrotrons light emission becomes a significant dynamical mechanism. The
success of any new facility proposal depends strongly on the ability to extend the reach of the
possible physics research at a relatively lower cost as compared to current facilities. Since the
advent of high Tc superconductors (HTS), their potential use in superconducting magnets for
large accelerators has been postulated with the motivation that a higher operating temperature
would result in a more inexpensive system. Progress has been slow to date, primarily due to the
fact that suitable material on which to base the superconducting current blocks in the magnet has
remained elusive.

The discovery of the so-called High Temperature Superconducting (HTS) cuprates in 1986 by
Bednorz and Mi.illerl was quickly followed by the identification of several superconducting
compounds with transition temperatures in excess of the boiling point of liquid nitrogen (77K)24.
In particular, YBazCu307 (YBCO; TC=94K), Bi2Sr2Ca2CuJ010 (BSCCO; TC=l 10K) and
T12Ba2Ca2Cu~010 (TBCCO; TC=l25K) are the primary compounds being considered for
commercialization. Although an Hg based compound has been identified with a transition
temperature of 135K, it is only available in research quantities at this time. While the high
transition temperature of the HTS compounds promises to yield systems with far less stringent
cooling requirements than the (now called) low temperature superconducting (LTS) materials,
they share the common problem of being a brittle ceramic phase. Therefore, their fabrication
into long piece lengths of conductor is by no means trivial.

The most fmstrating aspect of the field of HTS materials for use as long conductors has been the
combination of intrinsic advantages with severe intrinsic disadvantages. The BSCCO material



most often used for conductors as a result of its ease of grain alignment (necessary for high
critical current carrying capacity) has poor performance in magnetic fields at temperatures above
approximately 40K. Thallium compounds show improved performance in a magnetic field and
have a distinct advantage in transition temperature but are difficult to texture. Finally, excellent
magnetic field resistance has been achieved in melt textured and thick film YBCO but no method
for scale-up to long piece length conductors has been developed to date. In fact, it is widely
recognized that YBCO would make the best material for magnet applications, at 77K and below,
if it could only be processed into long lengths of conductor.

Over the past several years, significant breakthroughs in substrate technology were achieved by
workers in Japan and at the Los Alamos (LANL) and the Oak Ridge (ORNL) National
Laboratories in the United States. Ijima and co-workers5 were able to demonstrate that aligned
buffer layers, deposited by Ion Beam Assisted Deposition (IBAD), could be grown on flexible,
Ni based alloy substrates. In IBAD, an aligned layer is grown by depositing a film using any
thin film coating process while simultaneously utilizing a highly aligned ion beam to sputter
away or retard the growth of any grains which form that do not possess the desired
crystallographic orientationG’7. They were also able to demonstrate that YBCO films with JC
values on the order of 6x105A/cm2 “could be routinely grown on IBAD buffered substrates. This
work was soon confirmed and extended at Lawrence Berkeley Laboratory and Stanford
Universityg. Workers at LANL have routinely pushed the JCvalue of YBCO on IBAD buffered
Ni alloy substrates in excess of lMA/cm2 at 75 °K’0. In addition, they have demonstrated that an

appropriate substrate architecture can yield a film which retains 910/0 of its maximum JC after a
compressive strain of 10/011.In an independent effort, a team at ORNL has recently demonstrated
that appropriate therrnomechanical processing schedules can lead to a highly textured substrate
upon which oriented layers can be formed by epitaxial growth’2. Thus, the need for the rather
slow IBAD process may be obviated. Films with JC values as high as 0.9 MA/cm2 have been
fabricated using the ORNL Rolling Assisted Bi-Axially Textured Substrate (RABiTSTM)13. In
addition, because the texture in the deposited layers is derived directly from the metal substrate,
the total thickness of the buffer layers in the RABiTS architecture can be kept quite thin (150
nm)14. This greatly simplifies the build-up of the layers required for a superconducting tape.
The RABiTS process is based upon well established industrial technology and, therefore, has a
distinct advantage in terms of potential manufacturability of long piece lengths of substrate and
conductor.

The establishment of Metal Organic Chemical Vapor Deposition (MOCVD) as a robust
technique for the deposition of thick films of YBC015 was an important corollary to the
breakthroughs described above. While the highest quality YBCO films on metallic substrates to
date have been deposited by pulsed laser deposition (PLD), the ability to coat large areas and the
high deposition rates possible with MOCVD make it a preferable technique for manufacturing
long lengths of tape product in an economical fashion. Midwest Superconductivity, Inc. (MSI)
has been active in the development of this technology for three years. Under an MSI fbnded
research effort with Professor Judy Wu, at the University of Kansas, a research MOCVD reactor
was developed which routinely produced YBCO films with JCvalues in excess of 1 MA/cm2 on
LaA103 single crystal substrates. That system has now been reproduced by MSI with a chamber
modification to allow for the processing of short length tapes. Using the new reactor, a JC of



0.64M-Wcm2 at 77K and zero field has recently been demonstrated by MSI for-a 0.93mm thick
YBCO film on a sample of RABiTS measuring 1cm x 2.8rnm. The critical current was
measured over the entire cross-section of the sample.

In addition to progress in the material sciences, the magnet issues have changed subtly. Recent
concepts for future machines indicate the need to tolerate significant direct heat load to the
magnet coils (muon decay, synchrotrons light emission) as an important feature. Bore tube liners
are, if feasible, an expensive and difficult option. Operating temperatures in the range of 20K -
30K provide an elegant and relatively inexpensive solution to this problem. Design requirements
for magnetic fields higher than those achievable with Nb-Ti technologies are inherent in these
machine concepts. The YBCO class of superconductors are potentially capable of meeting the
technical specifications for the magnets. Field quality is not a very demanding specification in
either application. The final item to be considered is the fact that ramp rate requirements are
sufficiently low (the muon collider is D. C., several A/s is sufficient for the large hadron
colliders) so that tape wound magnets are an acceptable design option. It would appear therefore
that independent of newer technologies, superconducting magnet requirements are starting to
move away from the rapid cycling, precise field quality, Rutherford style cable designs of the
past two decades. This leads to the- prospect of a single magnet R&D program based on YBCO
tape being capable of making significant technical contributions to several different machine
concepts. Thus, it is possible that a superconducting magnet capable of producing a dipole field
of 10T-12T at 20K-30K would find reasonably broad application in the next generation of
accelerator facilities.

The program described herein was initiated to address the development of such a conductor by
exploring the feasibility of extending the earlier MSI results on RABiTS to using continuous
deposition of YBCO by MOCVD on one meter long tapes. In addition, the effect of film
thickness on critical current density and the use of conducting buffer layers was studied as
potential means for improving maximum current capacity and quench resistance, respectively.

Continuous Deposition of YBCO Using MOCVD

The principal goal of the program was to demonstrate the ability to perform continuous
deposition of YBCO on long lengths of buffered RABiTS. To that end, the quartz chamber
development reactor at MSI was modified from a batch system to one capable of pulling a lm
length of tape through in a linear transport mode. A reactor for MOCVD is simple in concept. It
requires the vaporization of a volatile precursor mix and the subsequent transport of that vapor to
a hot substrate via a carrier gas. The initial reactor design used in this program was based on the
earlier work of Hiskes and coworkerslG at Hewlett-Packard and Professor Wu at the University of
Kansas (under funding by MSI). A schematic of the design is shown in Figure 1. As can be seen
from the schematic, under conditions of static deposition, the substrate is attached to the
susceptor block with the deposition side facing downward. The block is heated from above using
halogen lamps. The thd precursors for the Y, Ba and Cu are pre-mixed in the appropriate
stoichiometry and packed into a slotted quartz tube. The precursor tube is then driven upward so
that the precursor powder passes through a separate set of halogen lamps sitting above a water
cooled jacket. This arrangement keeps the precursor powder at ambient temperature until
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immediately prior to vaporization.

This arrangement led to good success with static deposition of high quality YBCO films on
RABiTS. In order to make the transition to continuous deposition both the substrate holder and
precursor delivery systems had to be modified. The modifications to the substrate holder
entailed the installation of a linear tape transport system for pulling of a straight tape through the
deposition zone of the reactor for tapes up to lm long. The quartz chamber had originally been
designed with horizontally opposed tubes at the height of the substrate holder in anticipation of
continuous deposition trials. These tubes were sealed with compression fittings during the static
deposition development trials.

A tape transport system was designed and fabricated for the present program consisting of a tape
guide system on the feed side of the chamber and a rack and pinion extraction rod using a
variable speed stepper motor on the exit side. A lm length of RABiTS could be loaded into the
guide system shown schematically in Figure 2. The tape guide system extended from
approximately one meter from the chamber on the feed side to just inside the quartz exit tube on
the opposite side of the chamber. The side facing the heating lamps was covered with a
removable plate to allow for either the use of the plate as a susceptor or direct heating of the back
side of the tape. The tape was held against the guide assembly by a series of knife edges in the
open deposition zone as well as at several points along the feed side of the chamber.

The guide assembly was contained in a vacuum tight stainless steel tube composed of several
sections joined together by O-ring fittings. T-sections allowed for the incorporation of viewing
ports at several intervals along the length of the guide assembly. A box at the end of the guide
assembly contained a torsional spring to maintain tension on the tape as it was pulled through the
chamber. The linear motion was provided by a standard vacuum tight sample manipulation rod
assembly on the exit side of the chamber. A hook assembly was fabricated for the end of the
extraction rod. During operation, the tape was loaded into the guide assembly and connected to
the torsional spring on the feed side of the chamber. The central rod of the extraction rod was
then extended across the chamber, hooked to the tape and then withdrawn to tighten the tape
against the spring. The tape could then be pulled through the system at a uniform rate by
controlling the stepper motor on the extraction rod.

In addition to the change required for the tape transport, the precursor feed system had to be
modified to overcome the finite amount of precursor possible with the static deposition system.
The original mode of operation required the installation of the powder filled precursor tube into
the mechanical transport system at the bottom of the chamber baseplate prior to final sealing and
evacuation of the chamber. It was recognized that a continuous precursor feed mechanism was
the most desirable solution. Continuous powder feed mechanisms that operate in a consistent
enough fashion for the metered delivery of fine powders at the low rates required for MOCVD of
YBCO do not exist. Various forms of powder tricklers and augers were investigated without a
great deal of success. Although an auger system was developed which seemed to deliver powder
at a uniform rate, the three precursors in the mixture were found to separate during precursor
transport. It was decided that a commercial liquid delivery system capable of delivering precise
quantities of a solution of the precursor powders in an appropriate solvent was most likely the
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best approach until precursors that are stable liquids at room temperature are independently

developed. Such a system was ordered for use on the program. In the interim, an airlock
chamber was designed and built which allowed for the rapid exchange of powder filled precursor
tubes without breaking system vacuum. This system was installed on the development reactor

along with the tape transport system. A photograph of the system incorporating these
modifications is shown in Figure 3.

A series of experiments was run to optimize the conditions for YBCO deposition using the new
modifications. A series of trials failed because of blow-out of powder when the precursor filled
tube was introduced into the chamber. The significant reduction in cross section associated with
the introduction of the precursor tube into the small hole restricting the carrier gas flow along the
outside of the precursor tube was identified as the most significant problem. A redesign of the
sleeve in which the precursor tube traveled into the chamber to redirect the gas flow directly onto
the tube as it emerged into the deposition chamber eliminated the blow-out problem.

A subsequent series of experiments were run to determine the parameter changes required using
the new tape transport system. The new system represented a significant increase in thermal
mass over the old substrate plate. Therefore, it was expected that the indicated temperature from
the thermocouple attached to the tape transport system would have to be run higher than that for
the old substrate plate to maintain a similar substrate temperature. Lanthanum aluminate single
crystal was used as the substrate material to preserve valuable RABiTS until the optimization
trials were completed. Since good translation between the parameters used for high quality
YBCO films on lanthanum aluminate and RABiTS had been achieved in the past, it was felt that
the parameters developed in the trials would be usable directly for RABiTS samples.

The lanthanum aluminate substrates were affixed to a 500ym thick stainless steel tape using
silver paste and indexed into the deposition zone of the reactor. A standard deposition at a
substrate temperature of 795°C was performed while holding the tape still. A critical current
density at 77K in excess of 1.5MA/cm2, as measured magnetically, could be expected using these
conditions and the old substrate plate. The deposition trial resulted in a very poor quality film
that did not exhibit superconductivity. It also visually resembled films grown at too low a
temperature. Subsequently, three lanthanum aluminate substrates were silver pasted to a
stainless steel tape and static depositions were performed in sequence on these substrates at
temperatures of 8 10“C, 825°C and 835”C, respectively. A fresh precursor tube was introduced
through the airlock for each run. Only the run at the highest temperature resulted in a

superconducting film and the critical current density at 77K for that film was measured
magnetically to be 2.1 MA/cm2.

A subsequent continuous deposition trial using a moving tape with five lanthanum aluminate
substrates pasted on was performed at an indicated temperature of835°C. The tape was moved
through the system at a speed of 1mrn/min. None of the resulting films was superconducting but
yielded room temperature resistances only slightly above the value associated with the best film
in the previous trial. Therefore, the sliding contact with the susceptor required a slight increase
in indicated temperature above that for static runs but not by a large degree.



FIGURE 3- QUARTZ DEVELOPMENT REACTOR MODIFIED FOR CONTINUOUS DEPOSITION RUNS



At this time, it became apparent that the independent effort funded by MSI to generate lm
lengths of epitaxially buffered RABiTS by electron beam deposition of the buffer layers for use
in the demonstration trials would not produce material fast enough to impact the current
program. Therefore, a decision was made to divert some effort to deposit as good a non-epitaxial

buffer layer as possible on textured nickel tape by MOCVD and use that for subsequent
deposition of YBCO in order to demonstrate the deposition system. Thd precursors for both
ceria and yttria were used in MOCVD trials in an attempt to generate a stable oxide buffer layer
for continuous YBCO deposition on nickel tape. Parameters for the deposition of nominal ceria
and yttria films were explored using film resistance as a measure of quality. Static deposition
runs on samples of 112~m thick nickel tape that had been rolled by Westinghouse and annealed
at MSI to a sharp texture were performed. Films of both materials were processed that gave film
resistances in excess of several mega-ohms. These conditions were used to produce non-
epitaxially buffered pieces of RABiTS for testing in continuous deposition.

YBCO was statically deposited on samples of nickel tape with a protective film of either yttria or
ceria using standard YBCO deposition conditions. Resistance as a finction of temperature for
one film of each type is shown in Figure 4. As can be seen from the figures, the critical
transition temperature for both films was less than that for high quality YBCO but the yttria
buffered sample did remain superconducting until 80K. The 70K transition temperature for the
ceria buffered sample indicated that more reaction had occurred between the YBCO and the
buffer layer in that case. Based on these results, it was decided to use non-epitaxial yttria
deposited by MOCVD as a buffer layer for the continuous deposition demonstrations.

One meter long tapes of cold rolled nickel obtained from Westinghouse were annealed under
forming gas by pulling the tape through the MOCVD reactor at approximately 800”C at a rate of
lmhr. Yttria was then deposited on the length of tape by passing the tape back through the
reactor and feeding the thd precursor into the chamber under a slightly oxidizing environment. A
subsequent re-anneal under oxidizing conditions was required to produce a uniformly colored,
high resistance film under conditions of continuous deposition. As a test of the long term
continuous deposition of YBCO in the reactor set-up, YBCO was then deposited continuously on
the tape at an indicated temperature of814°C and a tape speed of approximately 0.25m/hr. Ten
precursor tube changes were executed during the run. When the tubes were changed, the tape
was stopped, the tubes exchanged and the tape restarted when precursor vaporization had begun.
The resulting film was not expected to be superconducting because of the temperature used for

the deposition but all of the systems performed well and the deposition was performed without
any major problems. The tape was pulled back through the system twice to complete the
standard high and low temperature anneal portions of the deposition and removed from the
chamber. A photograph of the resulting tape is shown in Figure 5. Resistance measurements at
room temperature along the length of the tape resulted in rather large fluctuations from point to
point but an end-to-end resistance of 430 ohms (about an order of magnitude higher than normal
for a superconducting film produced with this system configuration). One other comment was
that the continuously deposited YBCO film showed a banded structure along the length of the
tape. The frequency of the bands did not relate to the exchange of the tubes but may have been
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FIGURE 4- RESISTANCE VS TEMPERATURE CURVES FOR NON-EPITAXIALLY
BUFFERED Ni TAPE
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caused-by some undetermined pulsation in the flow of precursor vapor during powder delivery.

It was not clear that the higher temperature required for the deposition of a superconducting film
under conditions of the tape sliding along the susceptor block could be safely maintained during
a deposition run of several hours in the system configuration being used for the trials. Since the
substrate had non-epitaxial buffer layers and could not be expected to yield high quality films
anyway, it was decided to try another run with a short static deposition on the leading edge of the
tape with subsequent continuous deposition on the remainder of the tape at an intermediate
indicated temperature of 855°C. This tape was processed using 15 tubes of precursor and a tape

speed of 0.1 rn/hr. After annealing, the resistance as a fimction of position was measured and a
plot of the data is shown in Figure 6. As can be seen from the figure, the resistance showed
regular spikes of very high resistance. These spikes could be correlated with the introduction of
a new tube of precursor. The banding was also visible but at a different frequency than that for
the resistance measurements. A sample from the static deposition region did show evidence of
superconductivity below a transition temperature of 70K.

At this point, it was decided that the powder delivery method simply could not provide enough
stability in precursor vapor flow to”allow for continuous deposition of high quality films. The
liquid delivery system had arrived at MSI and had been checked out independently. After a few
trial runs to rough out parameters appropriate for the deposition of superconducting films on
lanthanum aluminate, the system was installed into the development reactor in place of the
airlock and precursor heater and transport mechanisms. A final continuous deposition trial was
performed on a yttria buffered tape using the liquid delivery system. The tape was pulled
through the system at 0.05m/hr at an indicated temperature of 855°C for the YBCO deposition
and then annealed .as before. The resulting tape was very uniform in color along its entire length
with no evidence of the banding seen using the powder delivery system. The resulting plot of
resistance as a fimction of position along the length of the tape is also shown in Figure 6 for
comparison to that for the tape processed with the powder feed system. It can be seen that, while
too high for a good quality film, the liquid delivery system produced a very uniform deposit of
YBCO along the length tested.

Several decisions were made as a result of these data. Clearly, the liquid delivery system was
required for consistent deposition under continuous conditions. However, more work was
required to optimize the parameters for good quality YBCO films using the liquid delivery
system. In addition, the chances for an epitaxially buffered RABiTS sample of any considerable
length arriving before the end of the program were seen to be nil. Therefore, it was decided to
wrap up the attempts at continuous deposition until such time as good substrates were available.
It was also decided to concentrate on optimization of the liquid delivery system for use in
depositing thick films of YBCO on RABiTS and the evaluation of conducting buffer layers.

High Current Capacity YBCO Films on RABiTS

The optimization trials using the liquid delivery system were conducted with lanthanum
aluminum substrates, again, to conserve RABiTS material obtained from Oak Ridge. Variables
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explored during the trials included choice of solvent, dilution level of the precursor, relative
concentrations of each of the precursors in the solution, vaporizer temperature, carrier gas flow
rates, pre-heating of carrier gases, carrier and oxidizer gas compositions and substrate
temperature. A set of conditions was established which yielded high quality YBCO films using
the critical current density measured magnetically at 77K as the definition of quality. As the
culmination of the optimization trials, a series of eight deposition runs was performed under
similar conditions to test run-to-run consistency. The results of these runs are given in Table 1.
As can be seen from the table, all of the runs produced superconducting films with critical
current densities in excess of 0.3 MA/cm2 at 77K measured magnetically as the substrate
temperature was varied from 775°C to 790”C. The five films produced under identical
conditions at 785°C all yielded critical current densities in excess of lMA/cm2 with one of the
films showing a critical current density of 2.5 MA/cm2. This represented a significant
improvement in consistency for the deposition of high quality films over that possible using the
powder feed system.

Three short samples of RABiTS were used as substrates for deposition of YBCO using the
optimum parameters described in Table 1. The RABiTS architecture had a 200A thick layer of
ceria epitaxially grown on nickel with a disorientation angle of 8-100. A 5500A thick layer of
YSZ was deposited on top of the ceria layer. In addition to room temperature resistance
measurements, x-ray diffraction of the YBCO film was used as a means to screen samples prior
to sending to Oak Ridge National Laboratory for critical transport current testing and further
microstructural evaluations. Two of the samples were deposited at the standard liquid delivery
rate of 0.60ccm for the standard time of 25 min. One thicker film sample was deposited at the
same liquid delivery rate for 50 min. The x-ray scans for the three films are presented in Figures
7-9. In all cases,. only the (OOh) type peaks are visible for the YBCO film. This indicates a
strong c-axis texture in the film. The diffraction data for the thicker film (Figure 9) shows a
smaller YSZ peak and broader (OOh)peaks consistent with the increased thickness.

Subsequent testing at ORNL showed that although the transition temperature behavior was
excellent for the films, they carried very little current at 77K. Pole figures and phi scans detected
that the in-plane texture was characterized by a rnisorientation angle on the order of 12-15° for
the YBCO. Further evaluation indicated that the YSZ layer on the RABiTS that were supplied to
MSI by ORNL for the test series also had a misorientation angle on the order of 12-15°. Thus,
although the YBCO deposition resulted in epitaxial growth on the YSZ, the YSZ layer itself did
not have a strong enough texture to result in a highly aligned YBCO film. The YBCO
depositions were repeated on a fresh set of RABiTS but the analysis of those samples had not
been completed at ORNL by the time this report was prepared.

Conducting Buffer Layer Development

Workers at ORNL led by Dr. David Christen explored the feasibility of conducting buffer layers
for YBCO on RABiTS. Lanthanum nickelate (LaNi03) was identified as low resistivity with a
metallic dependence of resistance on temperature and a pseudocubic lattice structure with a
lattice parameter of 3 .861A. The effects of deposition and anneal conditions on the electrical



TABLE 1- RESULTS OF LIQUID DELIVERY RUNS

Tsub

775

780

785

785

785

785

785

790

Run #

597A

598B

597B

597C

598C

598D

599A

598A

Tvap

( c)o

210

210

210

210

210

210

210

210

Ar/N20/02
(seem)

350/80/80

350/80/80

350/80/80

350/80/80

350/80/80

350/80/80

350/80/80

350/80/80

Run Length

(rein)

30

30

30

30

30

60

30

30

Resistance
(Q)

13

7

8

5.5

5

3

6

6

Magnetic JC*
(MA/cn12)

0.32

1.0

1.0

1.1

2.5

1.3

1.7

0.40

* Based on a 0.30 pm thick film in 30 min. deposition
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resistiyity of the lanthanum nickelate, the appropriate conditions for epitaxial growth on nickel
tape and the properties of initial YBCO films deposited on RABiTS buffered with lanthanum
nickelate were investigated by ORNL. In addition, several lanthanum nickelate buffered
strontium titanate substrates were provided to MSI for MOCVD deposition of YBCO.

Lanthanum nickelate films were deposited on (001) oriented single crystal strontium titanate
substrates at 400”C in pure argon. Post-deposition annealing treatments were performed under
an oxygen environment between 400”C and 700”C. The results of resistance measurements as a
function of temperature for the as-grown and annealed films are shown in Figure 10. The
resistance was found to decrease with increasing annealing temperature. Also, the film annealed
at 700”C showed a Temperature Coefficient of Resistance switched sign to positive from
negative for the as-grown film, indicating metallic behavior in the annealed film. It appears that
low deposition temperatures are required for good epitaxy but elevated temperature anneals in
oxygen are required for low resistance.

Films of lanthanum nickelate approximately 400nm thick were sputtered on to textured nickel
substrates at various temperatures in an environment of forming gas. The in-plane and out of
plane texture are given in Figures 11 and 12, respectively. As can be seen from the figures, there
is a strong c-axis orientation in the film and the disorientation angle of 9.4° in the as-deposited
film is equivalent to that of the underlying nickel. This indicates very good epitaxy between the
lanthanum nickelate and the nickel substrate. The influence of post-deposition anneals is also
shown in Figure 12. Even an anneal at 850”C, the high end of the deposition range for YBCO,
does not alter the structure of the lanthanum nickelate film. The films were seen to be smooth
and crack free by SEM examination.

YBCO was deposited on a lanthanum nickelate buffered RABiTS tape by pulsed laser deposition
at ORNL using standard conditions. The phi scan for the film indicated excellent epitaxy
between the YBCO and the lanthanum nickelate buffer layer. The resistance versus temperature
curve for this film is shown in Figure 13. The relatively low transition temperature of 77K
indicates potential nickel contamination of the YBCO during deposition and/or annealing. This
problem is being studied in more detail at the present time.

Four lanthanum nickelate buffered strontium titanate substrates were provided to MSI by ORNL
for YBCO deposition trials using MOCVD. Two of the substrates had been deposited with
lanthanum nickelate for four hours and two of them had been deposited for one-half an hour.
One of the thick lanthanum nickelate buffered films was deposited with YBCO by MOCVD
using the standard conditions described in the section above. The film showed a critical

transition temperature of 89K and a well formed hysteresis curve in a measurement of the
magnetic response as a function of applied field at 77K. However, the magnitude of the bounds
of the hysteresis loop were three orders of magnitude below that expected for a high quality
YBCO film. Subsequent testing for critical transport current at ORNL showed no appreciable
current carrying capacity at 77K. The other samples were deposited with YBCO under similar
conditions at the time of the second series of depositions on RABiTS described above and sent to
ORNL for characterization. The results of these tests were not available at the time of this report.



FIGURE 10- TEMPERATURE DEPENDENCE OF THE RESISTANCE OF A
LANTHANUM NICKELATE (001) BUFFER LAYER ON STRONTIUM
TITAN.ATE SINGLE CRYSTAL SUBSTRATETHAT WAS ANNEALED AT
DIFFERENT TEMPERATURES IN 1 ATM OXYGEN
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FIGURE 11- X-RAY 0-28 SC&T OF LANTHANUM NICKELATE ON Ni, INDICATING
THE PRESENCE OF ONLY (OOh) LANTHANUM NICKELATE PEAKS.
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a) AS-DEPOSITED LANTHANUM NICKELATE FILM; b) LANTHANUM
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Summary and Conclusions

1) The lack of availability of long length RABiTS had a significant negative impact on
progress towards the primary goal of the program concerning the development of
conditions for continuous deposition of YBCO on RABiTS by MOCVD

2) MOCVD is capable of producing consistent, high quality films of YBCO using liquid
delivery of a solution of precursors in an appropriate solvent over many hours

3) Although substandard RABiTS clouded the results of the thick film studies, it is believed
that the liquid delivery of a solution of MOCVD precursors is capable of producing high
quality, high current capacity films if the substrate temperature is tightly controlled

during deposition

4) Lanthanum nickelate is a promising electrically conducting buffer material for YBCO
tape to improve quench resistance in high current tapes

5) The continued lack of availability of long lengths of buffered RABiTS makes it difficult
to justify an extension of the present program to Phase II status at this time
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