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Conductive multilayers of YB#&£u;0;_s/SrRuG;/LaNiO; (YBCO/SRO/LNO, YBCO/SRO, and
YBCO/LNO were grown epitaxially on single-crystal LaAJGnd SrTiQ 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.2600 American Institute of Physics.
[S0003-695(00)04206-9

Recently, development of the rolling-assisted biaxially These values are close to those of orthorhombic YBCO and
textured substrateRABITS) process emerged as a promis- other high-temperature superconductors. It has been found
ing method for the fabrication of YBEwO,_ s (YBCO)-  that high-quality epitaxial YBCO thin films having high su-
based coated conductdrésupporting high current for elec- perconducting transition temperaturesT.£91K) and
tric utility and high-magnetic-field applications operating at critical-current densitie$).=2x 10° A/cm? at 77 K) can be
77 K. The key issue in the RABITS approach for conductorgrown on SRO-buffered single-crystal substrafe’s. How-
development is the necessity to use buffer-layer structuresver, to date there have not been any reports on the success-
that are compatible with both the underlying metal substrateful growth of SRO layers on textured metals for the devel-
Ni or Ni alloy, and YBCO. The function of the buffer layer opment of YBCO-based coated conductors. On the other
is twofold. It prevents the diffusion of Ni to the supercon- hand, Heet al. reported recently growth of YBCO films on
ductor and also transmits the biaxial texture of the metahighly textured LNO buffer layers, successfully deposited
substrate to the high-temperature superconductid@s) onto Ni tapes. These YBCO films showed depressedval-
film. Ideally, conductive-oxide buffer layers are preferred forues around 75-80 K, consistent with earlier results of YBCO
coated conductors as they can provide an electrical contafitms on LNO-buffered single-crystal substratés? In Ref.
between the thin HTS layer and the thick underlying metals, the reason for this degradation was attributed to two pos-
substrate, improving electrical stability in the event of a tran-sjbilities: (1) direct chemical reaction between YBCO and
sient to the dissipative regime. To date, buffer-layer studie$ NO and(2) diffusion of Ni through the LNO layer into the
have mainly concentrated on insulating-oxide buffers and/BCO. Hence, the observations that SRO is compatible with
many multilayered buffers of insulating oxides have beenyBCO and LNO is compatible with RABITS has motivated
developed for coated conductdé. Development of the present study of SRO/LNO multilayers for possible ap-
conductive-oxide buffer layers on RABITS has just bedun. piication as a conductive buffer-layer structure for YBCO-

In recent years, thin films of conductive oxide, hased coated conductors. In this letter, we have made a com-
SrRuG; (SRO), and LaNiQ (LNO) have attracted consider- parative study of the structural and the superconducting
able interest due to their potential for many technologicalyrgperties T.. Jo) of YBCO films grown on multilayers of
applications. For instance, their epitaxial growth made thesro/ L NO and on single-layer LNO, SRO-bufferéto0)-
development of heterostructures based on superconductoggiented LaAIQ(LAO) and SrTiQ(STO) substrates.
and ferroelectrics possibfel® Both SRO and LNO are The deposition of LNO buffer layers was performed
pgrovskite—type, conductive metallic oxides with pseudocu—with a rf-magnetron sputtering system using a single-phase
bic lattice parameters of 3.93 and 3.83 A with room-| NO powder target, which was pressed into a 95 mm copper
temperature resistivities of 280 and 540 cm, respectively. 4y Typical sputtering conditions consist of a mixture of Ar
and Q at a ratio of Ar/Q=15/2, with a total pressure of 10
dElectronic mail: aytug@eagle.cc.ukans.edu mTorr and a substrate temperature in the range of 550—
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FIG. 1. XRD 6#-26 scan for the(a) YBCO/SRO/LNO/LAO multilayer.

YBCO(00) peaks are indicated bi®). The weak Ag peak is due to elec- FIG. 2. Logarithmic scalé102) pole figure of YBCO grown on SRO/LNO/
trical contacts(b) The LNO(002) scattering can be seen from the enlarge- LAO multilayer.

ment of the boxed region.

erties of the multilayer samples can be seen from the
temperature-dependent resistivity curves in Fig. 3, with an
sponding film thickness of about 3000 A. inset showing the enlarged view of the transition region. For
Pulsed-laser depositiofPLD) was employed for the comparison, the result of a YBCO film on a STO substrate is
deposition of SRO as well as the YBCO films. A KrF exci- included. Note that Fig. 3 shows the net resistivipyd.,
mer laser system operated with an energy density-8f which is calculated from the total thickness of the conductive
Jicn? was used. During the deposition of SRO layers the(YBCO+buffer layers structure. Itis clear thgt an additional
substrates were kept at 600°C in ap &mosphere of 5 SRO buffer layer on LNGLAO and STQ improves the
mTorr. The deposition of YBCO films was achieved atsuperconductmg_ properties of the YBCO films by increasing
780°C in 100 mTorr of @ After deposition, the Qpressure  1c and decreasinge;. The T, of the YBCO/SRO/LNO/
inside the PLD chamber was increased to 500 Torr and th§-AO and STQ samples was observed to be higher than 90
films were then cooled to room temperature at a rate ofc P€ing close to thd =92 and 91 K values of the YBCO
10°C/min. Typical film thicknesses for SRO and YBCO films grown on smg_le-crystal STO- and SRO-buffered LAO
were 2000 and 3000 A, respectively. The structures of th§uPstrates, respectively. Howevel, of the YBCO/LNO/
films were characterized with a Huber high-resolution x-ray(l‘AO gnd STO_ were _Iower than 90 K, with normal-state
diffractometer(XRD). A standard four-probe technique was Pnet being 3—4 times higher than those of YBCO/SRO/LNO/

used to evaluate the electrical properties of the samples. TI“?AO_ and .STQ' Thg dnfferences " thesel results suggest the
values ofJ, were assigned using agV/cm criterion. Silver possible Ni contamination of the YBCO films from the LNO

. : . In fact, SIMS depth-profile measurements and ICP
contacts were deposited onto the samples using dégyers. .
magnetron sputtering followed by an, @nnealing in 1 atm analysis of YBCO/LNOLAC and STQ samples qualita-

for 30 min at 500°C. Secondary-ion-mass-spectrometry
(SIMS) depth-profile measurements and inductively coupled 80T
plasma(ICP) analysis of the samples were also made to
document possible cation contamination of the YBCO.

An XRD 6-26 spectrum for a typical YBCO film on a
SRO/LNO/LAO multilayer structure is shown in Fig(&l.
The pattern indicates only (00 reflections from both the

600°C. The deposition rate was0.42 A/s with a corre-
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YBCO and SRO layers, demonstrating that the YBCO/SRO/
LNO are c-axis oriented. The LNG002) reflection can be
seen as a shoulder on the YBGQ06) peak from the en-
largement of the boxed region, as shown in Figh)1The
epitaxial relation of the YBCO films on the substrates is
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determined by XRD pole figure analysis. The logarithmic ]
scale(102) pole figure of a YBCO film on SRO/LNO/LAO, 0
shown in Fig. 2, indicates a single epitaxy with o 50
YBCO(00J)lIsubstratéd01) and YBCQ110)lsubstratél10).

Similar crystallographic relations were observed for the
YBCO/SRO/LNO/STO, YBCO/LNQLAOC and STQ, and (LAO and STQ, YBCO/LNO/ALAO and STQ, YBCO/SRO/LAO, and

YBCO/SRO/LAO mUIt"ayer structures. YBCO/STO structures. Inset shows the enlarged view of the superconduct-

The differences in electrical and superconducting proping transition region.
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FIG. 3. Temperature dependence of the net resistivity of YBCO/SRO/LNO/
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3 made in thep,e Vs T data,J.. values of YBCO films on LAO
—0— YBCO/SRO/LNO/LAOT

¥ YBCO/STO : substrates are also slightly higher than those on STO sub-
—aA— YBCO/SRO/LNO/STO] strates.
10° —=—YBCO/SROLAO 3 . .
3 A \Q vBCOLNOLAD ] In summary, structural and superconducting properties
] T ~ —A— YBCO/NOISTO ] of conductive multilayer structures of YBCO/SRO/LNO,

J (Alcm?)

] RN e 1 YBCO/SRO, and YBCO/LNO grown on LAO and/or STO
3 \3§ substrates have been investigated. Highly crystalline, low-
] 2 ] resistivity, and chemically compatible YBCO/SRO/LNO/

4 \ 4
10 \;§: ; (LAO and STQ samples have been obtained. TheandJ,
] =TTk ] of YBCO films on SRO/LNO multilayers have showed sig-

] H 1] c-axis ] nificantly higher values than those of the YBCO films grown
10° . —— on single LNO layers. These results indicate that the ob-
0 ! 2 8 4 ® 6 served low-level Ni contamination of YBCO through the
H (Tesla) LNO layer can be prevented by an additional, highly stable

FIG. 4. Magnetic-field dependence af of YBCO/SRO/LNO(LAO and ~ SRO layer. This work also points to the use of the SRO/LNO

STO), YBCO/LNO/LAO and STQ, and YBCO/SRO/LAO multilayers at ~ Structure as a potential buffer-layer architecture for the de-

77 K. For comparison), data of YBCO/STO are also included. velopment of RABITS-based, fully conductive YBCO-
coated conductors.
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