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Growth and superconducting properties of YBa 2Cu3O7Àd films
on conductive SrRuO 3 and LaNiO 3 multilayers for coated
conductor applications
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Conductive multilayers of YBa2Cu3O72d /SrRuO3/LaNiO3 ~YBCO/SRO/LNO!, YBCO/SRO, and
YBCO/LNO were grown epitaxially on single-crystal LaAlO3 and SrTiO3 substrates. Property
characterizations revealed that the YBCO films on SRO and SRO/LNO buffer structures have
excellent structural and superconducting properties. The YBCO/LNO, however, suffers degradation
in superconducting transition temperatures and critical current densities, despite a good crystalline
structure. The SRO/LNO bilayer showed excellent electrical contact with YBCO. These results have
demonstrated the structural and chemical compatibility of SRO/LNO multilayers with YBCO and
their potential use as conductive buffer layers for YBCO-based coated conductors as well as for
other high-temperature superconducting applications. ©2000 American Institute of Physics.
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Recently, development of the rolling-assisted biaxia
textured substrates~RABiTS! process emerged as a prom
ing method for the fabrication of YBa2Cu3O72d ~YBCO!-
based coated conductors,1,2 supporting high current for elec
tric utility and high-magnetic-field applications operating
77 K. The key issue in the RABiTS approach for conduc
development is the necessity to use buffer-layer structu
that are compatible with both the underlying metal substr
Ni or Ni alloy, and YBCO. The function of the buffer laye
is twofold. It prevents the diffusion of Ni to the superco
ductor and also transmits the biaxial texture of the me
substrate to the high-temperature superconducting~HTS!
film. Ideally, conductive-oxide buffer layers are preferred
coated conductors as they can provide an electrical con
between the thin HTS layer and the thick underlying me
substrate, improving electrical stability in the event of a tra
sient to the dissipative regime. To date, buffer-layer stud
have mainly concentrated on insulating-oxide buffers a
many multilayered buffers of insulating oxides have be
developed for coated conductors.1–4 Development of
conductive-oxide buffer layers on RABiTS has just begu5

In recent years, thin films of conductive oxid
SrRuO3 ~SRO!, and LaNiO3 ~LNO! have attracted consider
able interest due to their potential for many technologi
applications. For instance, their epitaxial growth made
development of heterostructures based on supercondu
and ferroelectrics possible.6–10 Both SRO and LNO are
perovskite-type, conductive metallic oxides with pseudo
bic lattice parameters of 3.93 and 3.83 Å with room
temperature resistivities of 280 and 540mV cm, respectively.

a!Electronic mail: aytug@eagle.cc.ukans.edu
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These values are close to those of orthorhombic YBCO
other high-temperature superconductors. It has been fo
that high-quality epitaxial YBCO thin films having high su
perconducting transition temperatures (Tc591 K) and
critical-current densities~Jc523106 A/cm2 at 77 K! can be
grown on SRO-buffered single-crystal substrates.11,12 How-
ever, to date there have not been any reports on the suc
ful growth of SRO layers on textured metals for the dev
opment of YBCO-based coated conductors. On the ot
hand, Heet al. reported recently growth of YBCO films on
highly textured LNO buffer layers, successfully deposit
onto Ni tapes.5 These YBCO films showed depressedTc val-
ues around 75–80 K, consistent with earlier results of YBC
films on LNO-buffered single-crystal substrates.13,14 In Ref.
5, the reason for this degradation was attributed to two p
sibilities: ~1! direct chemical reaction between YBCO an
LNO and~2! diffusion of Ni through the LNO layer into the
YBCO. Hence, the observations that SRO is compatible w
YBCO and LNO is compatible with RABiTS has motivate
the present study of SRO/LNO multilayers for possible a
plication as a conductive buffer-layer structure for YBCO
based coated conductors. In this letter, we have made a c
parative study of the structural and the superconduc
properties (Tc , Jc) of YBCO films grown on multilayers of
SRO/LNO and on single-layer LNO, SRO-buffered~100!-
oriented LaAlO3~LAO! and SrTiO3~STO! substrates.

The deposition of LNO buffer layers was performe
with a rf-magnetron sputtering system using a single-ph
LNO powder target, which was pressed into a 95 mm cop
tray. Typical sputtering conditions consist of a mixture of A
and O2 at a ratio of Ar/O2515/2, with a total pressure of 10
mTorr and a substrate temperature in the range of 55
© 2000 American Institute of Physics
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600 °C. The deposition rate was;0.42 Å/s with a corre-
sponding film thickness of about 3000 Å.

Pulsed-laser deposition~PLD! was employed for the
deposition of SRO as well as the YBCO films. A KrF exc
mer laser system operated with an energy density of;3
J/cm2 was used. During the deposition of SRO layers
substrates were kept at 600 °C in an O2 atmosphere of 5
mTorr. The deposition of YBCO films was achieved
780 °C in 100 mTorr of O2. After deposition, the O2 pressure
inside the PLD chamber was increased to 500 Torr and
films were then cooled to room temperature at a rate
10 °C/min. Typical film thicknesses for SRO and YBC
were 2000 and 3000 Å, respectively. The structures of
films were characterized with a Huber high-resolution x-r
diffractometer~XRD!. A standard four-probe technique wa
used to evaluate the electrical properties of the samples.
values ofJc were assigned using a 1mV/cm criterion. Silver
contacts were deposited onto the samples using
magnetron sputtering followed by an O2 annealing in 1 atm
for 30 min at 500 °C. Secondary-ion-mass-spectrome
~SIMS! depth-profile measurements and inductively coup
plasma ~ICP! analysis of the samples were also made
document possible cation contamination of the YBCO.

An XRD u–2u spectrum for a typical YBCO film on a
SRO/LNO/LAO multilayer structure is shown in Fig. 1~a!.
The pattern indicates only (00l ) reflections from both the
YBCO and SRO layers, demonstrating that the YBCO/SR
LNO are c-axis oriented. The LNO~002! reflection can be
seen as a shoulder on the YBCO~006! peak from the en-
largement of the boxed region, as shown in Fig. 1~b!. The
epitaxial relation of the YBCO films on the substrates
determined by XRD pole figure analysis. The logarithm
scale~102! pole figure of a YBCO film on SRO/LNO/LAO,
shown in Fig. 2, indicates a single epitaxy wi
YBCO~001!isubstrate~001! and YBCO~110!isubstrate~110!.
Similar crystallographic relations were observed for t
YBCO/SRO/LNO/STO, YBCO/LNO/~LAO and STO!, and
YBCO/SRO/LAO multilayer structures.

The differences in electrical and superconducting pr

FIG. 1. XRD u–2u scan for the~a! YBCO/SRO/LNO/LAO multilayer.
YBCO(00l ) peaks are indicated by~d!. The weak Ag peak is due to elec
trical contacts.~b! The LNO~002! scattering can be seen from the enlarg
ment of the boxed region.
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erties of the multilayer samples can be seen from
temperature-dependent resistivity curves in Fig. 3, with
inset showing the enlarged view of the transition region. F
comparison, the result of a YBCO film on a STO substrate
included. Note that Fig. 3 shows the net resistivity (rnet),
which is calculated from the total thickness of the conduct
~YBCO1buffer layers! structure. It is clear that an additiona
SRO buffer layer on LNO/~LAO and STO! improves the
superconducting properties of the YBCO films by increas
Tc and decreasingrnet. The Tc of the YBCO/SRO/LNO/
~LAO and STO! samples was observed to be higher than
K, being close to theTc592 and 91 K values of the YBCO
films grown on single-crystal STO- and SRO-buffered LA
substrates, respectively. However,Tc of the YBCO/LNO/
~LAO and STO! were lower than 90 K, with normal-stat
rnet being 3–4 times higher than those of YBCO/SRO/LN
~LAO and STO!. The differences in these results suggest
possible Ni contamination of the YBCO films from the LN
layers. In fact, SIMS depth-profile measurements and I
analysis of YBCO/LNO/~LAO and STO! samples qualita-

FIG. 2. Logarithmic scale~102! pole figure of YBCO grown on SRO/LNO/
LAO multilayer.

FIG. 3. Temperature dependence of the net resistivity of YBCO/SRO/LN
~LAO and STO!, YBCO/LNO/~LAO and STO!, YBCO/SRO/LAO, and
YBCO/STO structures. Inset shows the enlarged view of the supercond
ing transition region.
P license or copyright; see http://apl.aip.org/apl/copyright.jsp
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tively confirmed the presence of Ni in the YBCO. It is we
known that Ni impurities in the superconducting structu
can significantly reduceTc and increaser.15 The expression
for the resistivity ratiornet/rY , of an electrically connected
bilayer structure can be given byrnet/rY5@(AY1AB)/„AY

1(rY /rB)AB…#, where AY ,rY , and AB ,rB are the cross-
sectional areas and the resistivities of the YBCO and
conductive buffer-layer structures, respectively. Accord
to this expression,rnet/rY is always.1 if rB.rY , and,1
if rB,rY . SincerY'300mV cm andrSRO'rLNO'rY , we
should expectrnet'rY . Indeed, in contrast to YBCO films
on LNO layers where Ni contamination is an issue, the f
thatrnet of the YBCO/SRO/LNO multilayer is similar tornet

of the YBCO on STO, and comparable to the one on SR
LAO, is an indication of excellent electrical contact amo
all three layers. It is also noted that theTc values of samples
on LAO substrates appear to be'2 K higher than that of
samples on STO substrates, suggesting that LAO serves
marginally better substrate for growth of such buffer-lay
structures. Confirmation of this effect needs further inve
gation.

Figure 4 shows the magnetic-field dependence of
transportJc for these samples at 77 K, with the field applie
parallel to thec axis. At zero applied field, all samples su
port high Jc>1.03106 A/cm2, with irreversibility fields
(H irr)>6 T. Consistently highJc performance was observe
for samples on SRO layers. Specifically, the self-fieldJc of
the YBCO/SRO/LNO/LAO is near 4.43106 A/cm2 with a
high H irr of 7.5 T ~data not shown in the plot for consis
tency!. These values are comparable to those of the ben
mark films of YBCO/STO (Jc54.43106 A/cm2, H irr

58 T), and confirms high-quality epitaxial growth of YBCO
on SRO/LNO multilayers. However, the YBCO/LNO/~LAO
and STO! multilayer structures showed somewhat lowerJc

values~1.43106 and 13106 A/cm2! with H irr>6 T. This is
also consistent with the lowerTc values observed for the
YBCO films on LNO layers. These results further supp
the low-level contamination of YBCO through LNO layer
It should also be mentioned that similar to the observati

FIG. 4. Magnetic-field dependence ofJc of YBCO/SRO/LNO/~LAO and
STO!, YBCO/LNO/~LAO and STO!, and YBCO/SRO/LAO multilayers at
77 K. For comparison,Jc data of YBCO/STO are also included.
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made in thernet vs T data,Jc values of YBCO films on LAO
substrates are also slightly higher than those on STO s
strates.

In summary, structural and superconducting proper
of conductive multilayer structures of YBCO/SRO/LNO
YBCO/SRO, and YBCO/LNO grown on LAO and/or STO
substrates have been investigated. Highly crystalline, lo
resistivity, and chemically compatible YBCO/SRO/LNO
~LAO and STO! samples have been obtained. TheTc andJc

of YBCO films on SRO/LNO multilayers have showed si
nificantly higher values than those of the YBCO films grow
on single LNO layers. These results indicate that the
served low-level Ni contamination of YBCO through th
LNO layer can be prevented by an additional, highly sta
SRO layer. This work also points to the use of the SRO/LN
structure as a potential buffer-layer architecture for the
velopment of RABiTS-based, fully conductive YBCO
coated conductors.
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