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Nucleation of epitaxial yttria-stabilized zirconia on biaxially textured (001)
Ni for deposited conductors
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The nucleation of002)-oriented yttria-stabilized zirconigrSZ) directly on the(001) Ni surface is
realized via nucleation on an oxygen-terminated nickel surface using pulsed-laser deposition. Under
conditions where the nickel surface is either oxygen free or substantially covered with NiO, a mixed
orientation of YSZ occurs. The epitaxial YSZ layer grown on a biaxially textur¢6@) surface

was used as a single buffer layer for a high temperature superconducting coated conductor
architecture, yielding superconducting YRarO-, films with high critical current densities]. .

This architecture eliminates the necessity for a multilayer buffer architecture, sinceJhigh
superconducting films are achieved with no intermediate buffer layer betwedf@GheYSZ and

the biaxially textured metal. €000 American Institute of Physids§0003-695(00)04516-3

Significant effort to develop a high temperature super-that is mechanically robust and chemically inert is YSZ.
conducting(HTS) wire or tape has focused on the epitaxial Unfortunately, previous efforts to grow epitaxial YSZ films
growth of superconducting films on biaxially textured with a single (001 orientation directly on rolled-textured
metals!? This approach is dependent on the heteroepitaxial001) Ni tapes have been unsuccessful. In this letter, we re-
growth of oxide buffer layer films on metal surfaces. In orderport on the successful nucleation and growth of epitaxial
to realize a HTS film possessing a high critical current on 4001 YSZ on the(001) Ni surface using pulsed-laser depo-
biaxially textured metal substrate, the buffer layer architecsition. Using the (00D-oriented YSZ as a template, a
ture must satisfy a set of rather stringent requirements. Th¥Ba,CusO;/YSZ/biaxially textured Ni structure with a high
buffer layer construct must be chemically compatible withJc is realized.
both the metal and superconductor. It must be mechanically —The substrates used in this study were biaxially textured
robust so as to prevent microcrack formation at the HTSf001) Ni tapes(50 um thick) produced by cold rolling and
buffer layer interface. It must also be epitaxial relative to the2nnealind: The starting purity of the Ni tape was 99.99%.
biaxially textured metal with a singulai001) orientation. ~ FOr texture development, the cold-rolled metal tape was en-
The latter requirement is particularly challenging because th&!0Sed in & tantalum envelope and annealed in vacuum with

76 o .
epitaxy of metal oxides on metal surfaces is determined ndt P@se pressure ob210"° Torr at 800-1000 °C for 60 min.

only by the relative lattice match between film and substrate] "€ t@ntalum envelope serves as a local oxygen getter during

but by possible roles of a native oxide layer and/or interme"® anneal. The degree of in-plane and out-of-plane texture
tallic phases formed during film nucleation. for the substrates as determined by x-ray diffraciiZfRD)

In previous work, these objectives have requiredr(_)Cking curves was approximately 8°. Note that exposure to

multilayer combinations of various oxide buffer layers. Su-2"" almost immediately oxidizes the nickel surface. A 10

0, 13- ili 1 -
perconducting films with critical current densities in excessmOI % yiiria-stabilized ZrQ ceramic target was used to de

of 1 MA/cm? at 77 K have been achieved for epitaxial posit the YSZ film. A KrF excimer laser beam was incident

YBa,CuO; films on rolled-textured Ni substrates with the on the rotatlr_lg target surface .at an anglg .Of 45°C. The laser
. o energy density was 2.6 J/énwith a deposition rate of 0.25
use of certain epitaxial buffer-layer constructsor example, .
. . nm/s. The target-to-substrate distance was 7 cm. The base
CeO, has been used to nucleate an epitaxdll)-oriented _
. L . 4 pressure of the growth chamber was @ orr, assumed to
oxide layer on a biaxially texture@@01) Ni surface: A ten-

dency for the Ceglayer to crack due to differences in ther- consist primarily of water vapor. The YSZ nucleation experi-

. - . . ments were performed in the temperature range of 600—
mal expansion coefficients of the oxide film and metal tape800 oC P P g

requires an additional epitaxi_al yttria-stabili_zed Zirconia For the experiments reported here, an initial nucleation
(YSZ) buffer Iayer. on Fhe Cein order to achieve crack- layer (~5 nm) of YSZ was deposited under various condi-
free superconductlpg f|.Imls. , , tions, followed by the additional epitaxial growth of a 200
Although effective in formmg a high current SUPErcon- i thick YSZ film with P(0,)=10*Torr. The relatively
ducting tape, the use of a multilayer buffer architecture inypio enjtaxial film grown on the nucleated template layer
troduces significant complexity to the fabrication processegtectively reflects the crystalline orientation of the nucleated
One of the most attractive materials for a single buffer Iayeqayer_ Three ambient conditions were considered during
nucleation. First, nucleation was carried out on an oxide-free
dCorresponding author; electronic mail: ntn@ornl.gov surface by introducing sufficient hydrogen partial pressure
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n_c.' FIG. 2. 6-20 x-ray diffraction scar(a) along the surface normal for(@021)
1 0'14 - 4 YSZ film deposited on a biaxially textured Ni substrate at 800 °C. The
15 nucleation layer was deposited at a background pressurexd2® Torr
10 5 with no intentional oxygen flow(b) Out-of-planew scans and in-planeé
16 scans of the YSZ peaks indicating that the film is in plane aligned and
0 - - - - - . epitaxial.
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T(*C) tion of a fine-grained001) oriented epitaxial NiO layer has
FIG. 1. Stability curves for NiO as a function ) P(H,)/P(H,0) and(b) been observed after moderate vacuum annealing of an ini-
P(Oy). tially mixed oriented NiO thin layer using reflection high
energy electron diffractiotRHEED).?

; For nucleation of YSZ in the presence of sufficient hy-
0 mTorr 4% KH96%Ar mixture so as to reduce ) . .
(Up to 200 mTorr 4% ° ixturg . drogen to yield an oxide-free nickel surfat@se A, poly-

any N'.O on th? Ni surche as determmed from the thermo'(:rystalline films with mixed orientation were realized. This
dynamics of NiO reductioricase A. Figure 1a) shows the

. . differs from the case for CeQ where (001 epitaxy is
Stab'“gy curve for NiO in the pre_ze”‘:e of hydorogen_ and watet, chieved via nucleation on an oxide-free nickel surface.
vapor. For P(H,)/P(H,0)>10"" at T>600°C, NiO will In contrast to nucleation in the presence of hydrogen,

be:= reduced, yielding an oxide-free surface. Sgpond, nucléy, cleation of YSZ at a base pressure of 4Torr (case B
ation was performed under base pressure cond|(n:16me B. results in a singulat001) epitaxial relationship. Figure(d

For a vacuum system with a base pressure-d0D " TorT,  ghows ag-20 XRD scan along the surface normal for an
the residual oxygen pressure will be at least 3Torr. Us- epitaxial (001) YSZ film that was nucleated on the K001)

ing Ellingham diagrams for binary oxides, the equilibrium gypstrate at 800°C in a background pressure of 2
oxygen partial pressure for NiO heated to 600-800°Cx 1076 Torr with no intentional oxygen or hydrogen flow.
should be in the range of 16°-10 *Torr as illustrated in  Thjs film is essentially 100%001) oriented with an intensity
Fig. 1(b).* Under the above conditions, oxygen terminationratio of the(111) to (200 peaks less than 0.01. Figuréo?

of the surface would be expected. Surface studies havghowsw scans and scans of the YSZ peaks, indicating that
shown that~3 monolayers of NiO rapidly form on €@01)  the film is in plane aligned and epitaxial with respect to the
Ni surface when exposed to oxygen at roompjaxially textured Ni substrate. Similar results were obtained
temperaturé®~'? Based on the Gibbs free energy for NiO for films deposited at temperatures as low as 600 °C. For the
thermal decomposition, desorption of this native NiO layercase where an oxygen partial pressure greater than 5
from the nickel surface under conditions used in case B durx 10~ ® Torr is introduced during either substrate heating or
ing film nucleation would not be anticipat@d.ast, nucle-  film nucleation (case @, a significant or dominant YSZ
ation was carried out in an oxygen partial pressure of 5111) oriented component was evident in the x-ray diffrac-
X 10~ ° Torr or greate(case @. Under these conditions, sig- tion data. An oxygen partial pressure of F0rorr or greater
nificant NiO coverage of the Ni surface is expected. Previousluring nucleation yields nearly 1009411)-oriented YSZ.
studies on the oxidation of th@®01) Ni surface indicate that This study shows that epitaxi€d01) YSZ can be nucle-
the native NiO formed at ambient temperatures is polycrysated on a Ni(001) surface that is apparently oxygen termi-

talline with multiple orientation$®!? However, the forma- nated under limited oxidation conditions that do not lead to
Downloaded 11 Sep 2009 to 160.91.157.167. Redistribution subject to AIP license or copyright; see http://apl.aip.org/apl/copyright.jsp
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(200) peaks less than 0.02. X-ray diffractianscans andp

(b) © (d)
scans for the YSZ and YB&u;O; peaks show that the lay-
ers are in plane aligned and epitaxial with respect to the
biaxially textured Ni substrate. Scanning electron micros-
copy images of th€001) YSZ/Ni films show no evidence for
0 N AL n
Moo e M <

(@

P microcracking in the YSZ layer. The critical current density

s at 77 K for the YBaCu,0, film was 0.5 MA/cnf, which is

-‘E the highest reported value for any epitaxial %bB&0- film

2 on biaxially textured metal substrate with a single buffer
40. layer separating the superconductor from the biaxially tex-

0
0 100 200 300 0 100 200 300 0 100 200 300 . :
time (sec) time (sec) time (sec) tured metal substrate. Note that, for this sample, two in-plane

variants of the YBsCuO; film, rotated 45°, are present.
FIG. 3. RHEED pattern of a biaxially texture@01) Ni substrate taken

along the N{110) direction at(a) 800 °C inP(H,)=8x10"7 Torr, and at This IS. Commonly observed for YI}@U3.07 ep|taX|aI fllmS_
700°C in (b) P(O)=1.5<10"7, (c) 5107, and (d) 1.6x10 ¢ Tor. ~ deposited on 4001 YSZ surface, and is due to the lattice

Plots of the specular intensity are also shown, with the points of oxygermismatch between YB&u,O,; and YSZ*® Minimizing or
introduction noted, Il, and III). eliminating one of the in-plane variants by optimization of
film growth temperature and oxygen partial pressure should
lead to a significant increase in the critical current density for
this architecture. A reproducible approach to eliminating one
of these in-plane variants is to deposit a thin, epitaxial cap-

significant polycrystalline NiO formation. It is conceivable
that the YSZ(001) nucleates o16001) NiO that orders on the

surface. However, the Gibbs free energy for YSZ is S|gn|f|-ping layer of CeQ or Y,0; layer on the YSZ layer to im-

cantly larger in magnitude than that for NfOThermody- . ; . .
namically, the reduction of NiO by YSZ is favored. Note that prove the Iattlcg match with Y36%97- ° Incorporatmg this
¢apping layer into the above architecture resulted in a rela-

similar results have also been observed for the epitaxia

growth of YSZ on(001) Si, where a thin amorphous SiO tively simple biaxially textured superconducting structure
layer is beneficial to achiéving)OD-oriented epitaxy>~1° with a critical current density greater than 1 MA/&m

In order to elucidate the surface conditions at nucleation, we  Thjs research was sponsored by the Office of Sciences
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A biaxially textured Ni s.ubstrate was heated to 800 °C in| gckheed Martin Energy Research Corp.

P(H,)=8x10 "Torr with a base pressure of 1

—8 o
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