Growth and characterization of conductive SrRuQ; and
LaNiO ; multilayers on textured Ni tapes for high-J.
YBa,Cu3;0,_5 coated conductors

T. Aytug® B.W. Kang, C. Cantoni, E.D. Specht, M. Paranthaman, A. Goyal, and

D.K. Christen

Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831

D.T. Verebelyi

American Superconductor Corporation, Two Technology Drive, Westborough, Massachusetts 01581

J.Z. Wu
Department of Physics and Astronomy, University of Kansas, Lawrence, Kansas 66045

R.E. Ericson and C.L. Thomas
3M Company, St. Paul, Minnesota 55144

C-Y. Yang and S.E. Babcock
Department of Materials Science and Engineering and Applied Superconductivity Center, University
of Wisconsin—Madison, Madison, Wisconsin 53706

(Received 2 February 2001; accepted 2 July 2001)

Power applications of high-temperature superconducting (HTS) coated conductors will
require stabilization against thermal runaway. We have developed conductive buffer
layers to electrically couple the HTS layer to the underlying metal substrate. The
structure comprises the layer sequence of SIR{BRO) on LaNiQ (LNO) on

biaxially textured Ni substrates. We report baseline investigations of compatibility of
SRO/LNO multilayer structure with processing of Y&a,L0,_; (YBCO) and

demonstrate biaxially textured YBCO films on conductively buffered Ni tapes. These
YBCO coatings exhibit self-field, values as high as 1.3 x 4@/cm? at 77 K, and

the entire structure (HTS + conductive buffers + metal substrate) shows good electrical
connectivity. These results demonstrate that SRO/LNO buffer layers may provide a
basis for stabilized coated conductors.

I. INTRODUCTION serve as templates for the deposition of epitaxial buffer

The recently developed process of rolling-assisted bil_ayers.that provide a b(_:lrrier_to chemi_cal interactions
ith Ni and at the same time yield chemically and struc-

axially textured substrates (RABITS) has emerged as & ; e
viable technique for the fabrication of long-length high- turally compatible surfaces for the epitaxial growth of

temperature superconducting wires (HTS coated conduddTS films. i o
tors)12 These HTS coated conductors, formed on Ni Major potential applications of HTS coated conductors

and/or Ni-alloy substrates, would enable high-current andvolVe the efficient production, distribution, and storage
high-magnetic-field applications operating at liquid- of electrical power. Ideally, for these applications

nitrogen temperatures. The technique employs SimNegonductive-oxide_ buffer layers are preferred_ as they can
well established, and industrially scalable thermomeProvide an electrical contact between the thin HTS layer

chanical processing to obtain sharp biaxially cube-2nd the thick underlying metal substrate. This electrical

textured metal tapes that can be produced over Iong
lengths. These biaxially textured metallic substrate

oupling reduces the overall resistivity and, conse-

uently, improves the electrical and thermal stability of

the entire structure (HTS + conductive buffers + metal

substrate) in the event of a transient to the dissipative
regime. To date however, buffer-layer development for

coated conductors has mainly concentrated on insulating
De-mail: aytug@solid.ssd.ornl.gov oxides and multilayers:* The development of conductive-
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oxide buffer layers on RABITS has just begufi Re- Il. EXPERIMENTAL
cently, we successfully demonstrated viability of the
SrRuQy/LaNiO; bilayer structure on single-crystal sub-  Two different procedures were used for the deposition
strates [SrTIQ (STO) and/or LaAlQ (LAO)] as a pos- of SRO/LNO multilayers on Ni and on STO or LAO
sible conductive buffer-layer architecture for the growthsingle-crystal substrates. For the Ni substrates, rf-
of high critical current density J;) YBa,Cu;O,_s  magnetron sputtering was used for deposition of both the
(YBCO) coatings. base LNO and the top SRO layers. The sputter targets
Both SrRuQ (SRO) and LaNiQ (LNO) are perovskite- used for these experiments were made from single-phase
type, conductive metallic oxides with pseudocubic lat-LNO and SRO powders, prepared by solid-state synthe-
tice parameters of 3.93 and 3.83 A and room-temperatursis, which were lightly packed into a copper target tray.
resistivities of around 300 and 6@d) cm, respectively. Deposition of LNO base layers was accomplished at sub-
These values are a close match to those of orthorhonstrate temperature§ () ranging from 450 to 500 °C.
bic YBCO and other HTS materials. In recent years,To suppress the formation of NiO, and to achieve (001)-
considerable attention has focused on the fabricationriented epitaxy directly on the Ni(001) surface, a reduc-
of LNO and SRO films due to their potential for many ing atmosphere of forming gas (96% Ar + 4%)Hvas
technological applications. For instance, their use asised at the initial stages of LNO growth (approximately
electrodes on ferroelectric substrates as well a2-3 min), followed by deposition in oxidizing conditions
normal-metal layers in superconductor/normal-metalat a total pressure of 10 mtorr. The, lgartial pressure
superconductor Josephson junctions have been demoensures the instability of NiO during the initial nuclea-
strated by several groups** In addition, their potential tion of the LNO layer. The deposition rate was approxi-
as buffer layers for the epitaxial growth of YBCO mately 0.42 A/s, and the resulting LNO film thickness
films on various insulating, single-crystal substrateswas 300 nm. Subsequent growth of SRO films on LNO/
has also been investigatéd® The results of those Nisubstrates was performed at a substrate temperature in
studies and our previous work have demonstrated thahe range of 600—650 °C under 10 mtorr of Ar. The depo-
high-quality epitaxial YBCO films can be grown on sition rate for SRO was 0.48 A/s with the corresponding
SRO and SRO/LNO buffered single-crystal substratesilm thickness of 400 nm.
with high superconducting transition temperatures= Deposition of LNO and SRO buffer layers on STO and
90-91 K) and high}. values [(2-4) x 1BA/cm? at  LAO single-crystal substrates was conducted by a com-
77 K and self-field]. However, these studies also showedbination of rf-magnetron sputtering and pulsed-laser
that, despite a good crystalline structure, the YBCOdeposition (PLD), respectively. Typical sputtering con-
films grown directly on LNO buffer layers exhibit sig- ditions for LNO consisted of a mixture of Ar and,@t
nificantly lower T, (185-89 K andJ, <1 x 1® Alcm® a ratio of Ar/OQ, = 15/2, with a total pressure of
values. It was found that the YBCO films suffered 10 mtorr, and a substrate temperature in the range 550—
from Ni contamination through the LNO layefsThis 600 °C. The SRO layers were deposited using a KrF
result was also consistent with the earlier study wherexcimer-laser ablation system operated with an energy
YBCO films grown on highly textured LNO/Ni sub- density of approximately 3 J/émDuring the deposition
strates showed depresséd values around 75-80 K. of SRO layers the substrates were kept at 600 °C in.an O
Although there have been no reports of successful YBC@tmosphere of 5 mtorr. Typical film thicknesses for these
growth on SRO single buffer layers on textured metalsLNO and SRO layers were around 300 and 200 nm,
the observations above suggest that the SRO/LNQ@espectively.
bilayer structure on Ni offers promise for the develop- The PLD technique was also employed for deposition
ment of RABITS-based, fully conductive YBCO-coated of the YBCO films on buffered single-crystal and Ni
conductors. substrates, where a laser energy density of approximately
In this paper, we first use single-crystal oxide sub-4 J/cnf was used. During deposition of the YBCO films,
strates (STO and LAO) to investigate the chemical comthe buffered substrates were kept at 780 °C in the pres-
patibility of LNO and SRO/LNO multilayers with the ence of an Q pressure Rg ) around 120 mtorr. After
YBCO films, including studies of the electrical proper- deposition, the samples were first cooled to 600 °C at a
ties and thermal compatibility of SRO/LNO bilayers un- rate of 5 °C/min; then the Opressure was increased to
der the growth conditions used for YBCO films. Second,550 torr, and the samples were cooled to room tempera-
we report for the first time the successful fabrication of ature at the same rate. The deposition rate was approxi-
conductive buffer-layer RABITS structure, employing mately 3.3 A/s, and typical film thicknesses of YBCO
the layer sequence of SRO/LNO on biaxially textured Nicoatings were 200 nm. Film crystal structures were
tapes. The structural and superconducting properties aharacterized with a Huber high-resolution x-ray diffrac-
YBCO films grown on these buffered Ni substrates aretometer (XRD), and microstructural analyses were con-
reported. ducted using two different types of scanning electron
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microscopes (SEM). For the surface morphology obser- &% - kv Cs)
vations a JOEL model JSM-840 SEM was used, and for YBCO LaNios S0,

the cross-sectional observations a high-resolution field- &% Ba o e, ‘ Ti

emission type SEM (HRSEM) was applied. A standard o —
four-probe technique was used to evaluate the electrical "= f e

properties, includingl,, andJ, of the YBCO films, as 2 ”‘{:""”’"'“‘:"j‘ﬁe‘ Y Ty, T

well as the temperature-dependent resistivity of the cong'ee fy | e [ gy e e
ductive buffer layers. For those measurements, electric fotgid i
contacts of silver were deposited onto the samples using *&2{; Y] W
dc-magnetron sputtering followed by,Gnnealing in I
1 atm for 30 min at 500 °C. Values 8f were assigned at &’

a 1pV/cm criterion. Secondary ion mass spectrometry

(SIMS) depth-profile analyses were made to document 1«0
the chemical compatibility of the multilayers as related
to the possible cation contamination of YBCO.

560 1000 1500 2000
(a) Time (seconds)

1.E+08

YBCO ISrRuO; | LaNiO, SITiO;,  (5kV Cs+)
[ll. RESULTS AND DISCUSSION 1405
A. Chemical compatibility of YBCO/SrRuO 4/
LaNiO 4 and electrical property characterizations 1.E404

of SrRuO ;/LaNiO 5 bilayers on insulating

single-crystal substrates 18403

Counts

For potential applications involving a conductive in-
terface, it is important to understand the chemical com-
patibility of YBCO films with the SRO/LNO structure.

In addition, it is necessary to evaluate the electrical prop-
erties and the thermal compatibility of SRO/LNO bilay- ., . ILRTR 1]
ers under the growth conditions used for YBCO films 0 400 800 12000 16000 20000 24000 28000
(Taep = 780 °C,Po, = 100-200 mtorr). For the former (b) Time (seconds)

issue, YBCO films were grown epitaxially on LNO/STO FiG. 1. SIMS depth profiles for () YBCO/LNO/STO and (b) YBCO/
and SRO/LNO/STO multilayers, and the chemical com-SRO/LNO/STO multilayer structures. Note that due to interference
pat|b|||ty between the YBCO and the conductive buf—ferbetvyeen the Sr and Ti yields, data for Sr are omitted from the depth
layers was examined by SIMS depth-profile measurePofes:

ments. Figures 1(a) and 1(b) compare the results on

YBCO/LNO/STO and YBCO/SRO/LNO/STO, respec- under fixed oxygen pressures of either 200 mtorr or
tively. Both samples show well-resolved interfaces andl atm. The resulting temperature-dependent normalized
well-defined layers. For the YBCO/LNO/STO structure, resistivities,p(T)/p(290 K), are plotted in Figs. 2(a) and

a significant presence of Ni in the YBCO layer was ob-2(b) for the samples annealed in 200 mtorr and 1 atm,
served, while the Ni signal for the YBCO/SRO/LNO/ respectively. The insets of these figures give the absolute
STO sample remains at the noise level within the YBCOresistivity values at room temperaturé & 290 K). In

The former observation implies contamination of YBCO both samples, the value @{T = 290 K) for the as-
with Ni from the LNO layer, whereas the latter result grown SRO/LNO is approximately 100X cm and de-
indicates passivation of this diffusion by an additionalcreases with increasing,,, At T,,, = 780 °C, both
SRO layer. These SIMS results are in accordance witsamples show about a 50% reductiorp{i = 290 K),

our previous observations where YBCO films depositedwith its value decreasing to around 5@0 cm, which is
directly on LNO buffers exhibited an increased normalcomparable to that of YBCO films. The higher resistivi-
state resistivity §) as well as significantly lowef. and ties for the as-grown samples are probably associated
J. values than those of YBCO films grown on SRO/LNO with their poor crystallinity arising from oxygen defi-
bilayers! It is well documented that Ni impurities in the ciency, impurity inclusions, or structural defects that can
superconducting structure can significantly redicand  result from the deposition conditions of low temperatures
increasep.® (600 °C) and low oxygen partial pressures (2—5 mtorr).

To better understand the effects of YBCO depositionAccordingly, the as-grown samples show a metalhd
conditions on the conductive buffer-layer properties, twobehavior down to temperatures of about 40 K, below
as-grown SRO/LNO/LAO epitaxial structures were an-which p(T) exhibits an upward turn that is characteristic
nealed at various temperature§,() up to 780 °C of localization effects. With progressive annealing in

1.E+02

1.E+01
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12— suggest that a postdeposition annealing step for the con-
1. T=290 K SRO/LNO/LAO ductive buffer layers should not be necessary prior to
1.1 fi:: Annealed in O, at 200 mTorr YBCO deposition.
1.0 H “ gllollollalls B. Microstructural and electrical properties of
< 175|188 |8 8 YBCO films on SrRuO ,/LaNiO 5 buffered
g 09- ' Ni substrates
% 08 After establishing excellent chemical compatibility of
= | YBCO films with the SRO/LNO structure and conduct-
E/ 0.7 4 ing electrical property characterizations of SRO/LNO bi-
1 —A—600 :C layers, we devoted our efforts to implement the same
0.6 - X;gg g conductive structures on Ni substrates. A typical XRD
1 6—26 scan for a 200-nm-thick YBCO film deposited on a
05 — T T T T T T SRO/LNO/Ni multilayer structure is shown in Fig. 3(a).
0 40 80 120 160 200 240 280  The presence of only (0P reflections indicates that
(a) Temperature (K) YBCO is oriented with its ¢ axis normal to the plane of
12 the substrate. F_igure 3(_b) i.IIustrates the high-resoll_Jtion
{ 2o T2s0k] SRO/ILNO/LAO | XRD spectrum in the vicinity of the YBCO (006) dif-
114 ¢ we Annealed in O,at 1atm fraction peak to view clearly the x-axis orientation for the
- ;ésoo . {1 SRO and LNO layers as well. After YBCO deposition, a
X 1.0 5 § [ H o small impurity peak appeared at around 37°, which is
§ 0 4 g M indexed as belonging to (111) reflection of NiO. The
091 consequence and the details of this observation are dis-
E/ 0.8—- . ‘ cussed later. According to the high-resolution XRD
= i e /‘vaVi,.O‘ —=— Asmade | scans, the lattice parameters for YBCO, SRO, and LNO
E’ 0.7 1 / Rt —0—500 :C | are found to be consistent with those of the bulk mate-
: —v—600C 4 rials. The lattice parameters for the YBCO film are=
0.6 / T e ] 3817Ab =3882A andc = 11.69 A, and the pseu-
1 1 docubic lattice parameters” for SRO and LNO are
05 1T——7— ' 3.956 and 3.862 A, respectively. To confirm the epitaxial

— 1 . 1 1 ‘r T
0 40 80 120 160 200 240 280 o outh and crystallinity of YBCO/SRO/LNO on Ni,
(b) Temperature (K) XRD out-of-plane ¢-rocking curve) and in-planed¢
FIG. 2. Temperature dependence of normalized resistivity for SROSCan) studies were carried out. The out-of-plane crystal-
LNO conductive bilayer structures annealed in oxygen pressures of (dpgraphic texture for the YBCO, SRO, LNO, and Ni can
200 mtorr and (b) 1 atm, at the indicated temperatures. The insets shoye seen from Fig. 4. Due to the coarse-grain nature of the
the room-temperature resistivities of the same samples after each apyled-textured substrate, the rocking curve for the Ni
neal. shows a significant amount of structure. Theaocking
curve scans obtained through the (002) peak reflections
for Ni, LNO, and SRO and the (006) reflection for
YBCO vyield peak-width FWHM valuesAw) of 6.5°,
oxygen, the samples show an improved metallic behav6.4°, 5.3°, and 4.7°, respectively, indicating progressive
ior, as evidenced by the gradual increase in residual ramprovement for subsequent layers. The sharpening of
sistivity ratio, (RRR= p,goi/poox), and less pronounced the out-of-plane texture may be attributed to two possi-
low-temperature localization. It is well known that bilities: (1) gradual decrease in lattice mismatch among
the RRR is a reflection of the film perfection. Thus, the consecutive layers, i.e., from 9.65% for LNO-Ni to 1.7%
observed increase in RRR values from 1.13 [sample ifior YBCO-SRO; (2) planar alignment with smoother
Fig. 2(a)] and 1.17 [sample in Fig. 2(b)] for the as-grownsurface rather than direct out-of-plane epitaxy. This high
to 1.6-1.7 for the 780 °C annealed samples indicatedegree of out-of-plane texture is especially important as
reduced defect density and better atomic ordering for tha factor in achieving higld; values. An important effect
SRO/LNO bilayer annealed at higher temperatures andf this sharpening is to minimize the total grain-boundary
higher oxygen pressures. The results of annealing studiesisorientation angle, which is known to supprdssvith
imply that there is no remarkable dependence of the aran approximately exponential dependehté®The level
nealed SRO/LNO resistivity on postannealing oxygenof in-plane crystallographic alignment and the epitaxy
pressure and provide a basis for the expected behavitwetween individual layers of the YBCO/SRO/LNO/NI
prior to and during the YBCO deposition. The datastructure are determined b®-scans through the
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YBCO(103), SRO(111) + LNO(111), and Ni(111) peak epitaxy among the oxide layers as well as with the under-
reflections, as shown in Fig. 5. It reveals four equallylying metal substrate. Because the Bragg angles for the
spaced peaks, separated by 90° with similar in-plan&RO(111) and LNO(111) peak reflections are very similar,
FWHM values QAd) of about 10°, indicating good-quality it was not possible to distinguish them within the resolution

500 —
] « YBCoO (001 i g
400 - s =
° =
h ° —
300 - . - §
] o ~
< S
200 - = E:
—~ 1 2 b
5 100 ) .
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B 400 10 20 } / 50 80
S ] i YBCO(006) |
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£ 300 . .
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20 (deg.)

FIG. 3. XRD 6-20 scans for YBCO/SRO/LNO/Ni multilayer. (a) Full-range scan. YBCOI@@aks are indicated by®). (b) High-resolution
expanded view of the boxed region.
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FIG. 4. XRDw-rocking curves for the YBCO/SRO/LNO/Ni structure FIG. 5. XRD ¢-scans for the YBCO/SRO/LNO/Ni structure showing
showing the progressive improvement of the out-of-plane texture irthat the buffer layers and YBCO tend to replicate the in-plane texture
subsequent layers. of the Ni substrate.
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of our XRD system. Note that the apparent 45° rota-smooth and uniform microstructure, with dense coverage
tion of YBCO with respect to the buffer layers and Ni very similar to that of the YBCO films deposited on
substrate is due to the scanning of YBCO(103) reflectionSRO/LNO-buffered STO or LAO substrates. The exist-
In fact, all layers assume the following cube-on-cubeence of small particulates on the surface is a feature of
orientation: out-of-plane YBCO[001]//SRO[001]// the PLD deposition process of YBCO filitsand has no
LNO[001])//Ni[001]; in-plane YBCO[110])//SRO[110]// adverse effect on superconducting transport properties of
LNO[110]//Ni[110]. There is no indication of any interest here. It should also be noticed that the YBCO
additional misoriented domains, which are undesirabldiims tend to fill the groove structure of the Ni grain
due to the potential disruption of current flow by high- boundaries, as evidenced by the visual disappearance
angle grain boundaries. of these boundaries. This probably results from the high-
To assess the surface quality of these films, plan-viewy anisotropic, rapid basal-plane film growth nature
SEM micrographs of the surface morphology for a SROf YBCO.?°
LNO/Ni multilayer structure before and after YBCO  The qualifying test for overall suitability of any buffer
deposition are presented in Figs. 6(a) and 6(b), respetayer structure on Ni is compatibility with the deposition
tively. Figure 6(a) shows a grain-boundary region for theof high-quality, highd. YBCO coatings. Thd . value for
SRO/LNO/Ni multilayer structure. The sample has uni-the YBCO/SRO/LNO/Ni sample was 90 K. The mag-
form, smooth, and dense morphology with excellent covnetic field dependence of the transpdytat 77 K for the
erage at the Ni grain boundaries. Such a surfaceame YBCO film is shown in Fig. 7. Shown also in
morphology should be realized in order to obtain high-the plot are data for epitaxial YBCO films grown on three
quality YBCO films. Figure 6(b) illustrates the SEM mi- other substrates, i.e., on STO, on SRO/LNO buffered
crograph of the YBCO film deposited on the same SROLAO, and on a standard insulating-oxide buffer layer
LNO/Ni substrate. The YBCO film also exhibits a RABITS architecture of Ce@YSZ/CeQ/Ni. For com-
parison, data for an optimized Bi-2223/Ag powder-in-
tube (PIT) sample are also included. Alimeasurements
were made with the field applied parallel to theaxis. At
zero applied field, the YBCO/SRO/LNO/Ni sample ex-
hibits aJ, value of 1.3 x 18 A/lcm?, with an irreversibil-
ity field (H,,) of 7.5 T at 77 K. As evident from the
figure, thisJ. performance is comparable to that of epi-
taxial YBCO films on single-crystal STO, SRO/LNO-
buffered LAO and Ce@YSZ/CeO,-buffered Ni
substrates and is far superior to that of optimum-quality
Bi-2223/Ag PIT wires. Hence, these results, together
with those obtained from microstructural investigations,

107
1146 10.0kV x11000 +———— 1pm T=77K
-~ ) YBCO/SIRUO,/LaNiO,/LaAIO, Y/l caxis ]
10° 4
YBCO/SITIO, ]
10° \é\g\ / E

S
§ K \. ]
- YBCO/SrRuO,/LaNiO /Ni -\.\ .
4 3 3 a
o 10 \ 3

O, 3
\'\\ o
\ /
3 Bi-2223 PIT wire A

v 3
04 YBCO/Ce0,/YSZ/CeO /Ni ]
w-r————T——7T 77
: : 0 1 2 3 4 5 6 7 8 9
Yidhg e g e H(T)

i e e r— 7 -,
35S -'3:3’;'@ gay 18+m-HD1B FIG. 7. Magnetic field dependence of the transprimeasured at 77
e . K, for a YBCO film on the conducting buffer structure of SRO/LNO/

T
-, -
BK U

FIG. 6. SEM micrographs of (a) the grain boundary region of SRO/Ni. Also shown for comparison aré. (H, 77 K) for YBCO/STO,

LNO/Ni structure and (b) the surface morphology of the YBCO film YBCO/SRO/LNO/LAO, YBCO/CeQ@YSZ/CeQ/Ni, and Bi-2223/
grown on the same conductive buffer structure shown in part (a). Ag tape. For all YBCO samples, the thickness is 200 nm.
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provide further support that the SRO/LNO bilayer servesany intermediate layers, such as NiO. After YBCO depo-
as an excellent buffer-layer architecture for the develsition, the interfaces between YBCO-SRO and SRO-
opment of high-quality RABITS-based YBCO-coated LNO remain clean and homogeneous although
conductors. roughening of the LNO-Ni interface is apparent from

To study the electrical coupling between layers of theFig. 9(b). This sample shows discontinuous NiO regions
YBCO/SRO/LNO/NI structure, four terming-T meas- at the LNO-Ni interface, which are in accordance with
urements were carried out on these samples. In Figure &e observation of a NiO(111) peak in the XRD analysis
we compare the net resistivitg (.), which is calculated presented in Fig. 3(a). Apparently, this NiO formation
from the total thickness of the conductive structureresults from the diffusion of oxygen through the buffer
(YBCO + buffer layers + Ni substrate), with data for the layers into the Ni substrate during the YBCO deposition.
SRO/LNO/Ni multilayer, as well as with that of the bare, There also exists a dark nonuniform region just above the
textured Ni substrate. It is clear that before YBCO depo-Ni interface, which suggests the possibility of some LNO
sition the net room-temperature resistivity of SRO/LNO/decomposition. This may result from the diffusion of Ni
Ni is close to that of Ni§ = 7 w2 cm), and both exhibit from the metal substrate into the LNO layer at the higher
a similarp—T behavior, indicating good metallic contact temperatures and oxidizing ambients used for YBCO
among individual layers of SRO/LNO/Ni structure. After growth. This suggests a deterioration of the stability and
YBCO deposition, however, we observed a somewhahence the structural quality of the LNO layer. Recall that
degraded metallic conductivity for the YBCO/SRO/ significant diffusion of Ni through the substrate into sub-
LNOI/NiI, as evidenced by the relative increase inghg  sequent buffer and superconducting layers has been ob-
of the structure. Similap-T behavior was also observed served according to the results of SIMS analysis, as
on several other samples studied. The fact fhatis  previously discussed in Sec. lll. A. Even though we can-
measurably higher than that of the Ni tape implies thahot determine the exact chemical nature of the interface
the YBCO/SRO/LNO composite is not ideally electri- region within the capability of our measurement techniques,
cally connected to the underlying Ni substrate. While this
low-level resistivity would provide significant stability,
the result suggests some interaction between the buffe
layers and Ni during the YBCO deposition.

To investigate this issue, cross-sectional HRSEM stud
ies were performed on a YBCO/SRO/LNO/Ni sample
and are compared to the interface for an as-grown LNO,
Ni sample. These results are presented in Figs. 9(a) an
in 9(b), respectively. In can be seen clearly from Fig. 9(a)
that the interface between LNO and Ni is flat, sharp, and
homogeneous with no evidence of interdiffusion betweer
the buffer layer and the metal substrate or the presence ¢

| Resistivity of Ni(T=290 K) = 6.84 pa-cm

wo =

3mm_ EHT= 300kV PhotoNo =7 Signal A= Inlensg

YBCO/SrRuO /LaNiO /Ni

SrRuO /LaNiO /Ni

Net resistivity (pQ cm)

Textured Ni

40 60 80 100 120 140 180'1é0'2(‘)o'250'2)10'2e'30 250'300
Temperature (K)

FIG. 8. Temperature-dependent net resistivity of the YBCO/SRO

LNO/Ni sample shown in the previous figure. Also shown for com-

parison are the,.~T data for an as-made SRO/LNO/Ni conductive FIG. 9. Cross-sectional HRSEM micrographs of (a) LNO/Ni and (b)

structure and for a pure biaxially-textured Ni substrate. YBCO/SRO/LNO/NI multilayer structures.
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1.E+00 3 ; : ; structures for the development of YBCO coated conduc-
§ } } ! tors for power technologies. Both single and bilayer
TEOS T siRuO, stable - configurations of SRO and LNO conductive oxides have
110 | LaNOsstable | K et been investigated. Single-crystal LAO and STO sub-
= ‘ : : strates have been used to achieve a thorough understand-
'§ 1.E-15 ----- S EEERESEEE R ing of the buffer-layer growth and electrical properties of
= ! NiO uhstable ! LNO and SRO/LNO multilayers under the deposition
O 1E20 1y A o N conditions used for YBCO films. Our results revealed
e ; 1 : 1 that the YBCO films on LNO buffer layers suffer from
1E25 4 el . . . R
1 1 1 ; Ni contamination. However, the results also indicated
1EB0 o e SUUUUUUUUTS S that an additional SRO layer can prevent the observed
‘ ! ‘ 1 low-level Ni contamination of YBCO and suggest that
1.E-35 ‘ ‘ , \ the SRO/LNO structure may be a potential conductive
200 400 600 800 1000 1200 puffer-layer architecture. The results of annealing studies
Temperature (°C) and electrical property characterizations revealed that
FIG. 10. Thermodynamic stability lines for SRO, LNO, and Ni for a there is improved conductivity upon annealing at YBCO
range of temperatures and oxygen pressiPgg, of interest. deposition temperatures but no remarkable dependence

on the postannealing oxygen pressure. Thus, the data
. suggested that a postdeposition annealing step for the
we may speculate that it is probably composed of a polygonductive buffer layers should not be necessary prior to
crystalline mixture of La—O and Ni-O compounds. In yBcQ deposition. Utilizing the fundamental understand-
fact, from thermodynamic considerations based on thg,q gptained from single-crystal substrates, we success-
bulk free energies it has been found that NiO is moregjly deposited biaxially oriented SRO/LNO bilayers on
stable than either SRO or LNO, as shown in Fig: 16 textured Ni substrates. The crystalline structure and the
Hence, these results provide plausible evidence for thgyface quality of this conductive architecture were ex-
increase observed in the,, data for the YBCO/SRO/  cgjient, and for the first time high-quality epitaxial
LNO/Ni structure. Nevertheless, experimentally it ap-yvgco fiims were grown on a fully conductive RABITS
pears that reasonably good metallic conductivity betweegyrycture with critical current densities exceeding 1 x
the YBCO/SRO/LNO and the Ni substrate remains.  10° aA/cm? at 77 K in self-field. The magnetic field per-
While the formation of these interfacial phases mostymance of]. was as good as that obtained for YBCO
likely results from the residence time at temperature angy, SRO/LNO buffered single-crystal substrates and on
in oxygen during the YBCO deposition, the dependenc&andard Ceg@YSz/CeQ-buffered Ni substrates. Most
on time has not been explored systematically. We notgjgnjficantly, electrical property characterizations re-
that the high deposition rate proposed for commercial,ealed good metallic conductivity between the YBCO
processing of YBCO coatings should minimize this resi-coatings and the Ni substrate, indicating that conductive
dence time and thereby help to ameliorate the problemgr o/ NO bilayers may be of great potential for large-

even for thicker YBCO coatings than explored here. Forgcg)e power applications of YBCO-coated conductors.
example, the laboratory conditions used for the present

YBCO deposition result in a deposition time of approxi-

mately 10 min. For a commercial process at proposeé"cK'\'OWLEDG'V'ENTS

deposition rates of approximatelypdn/min and for ex- This work was supported by the United States Depart-
pected YBCO coating thickness of 218n, then the resi- ment of Energy, Division of Materials Sciences, Office
dence time is actually less than required for the preserdf Science, Office of Power Technologies-
studies. On the other hand, development of an alternativBuperconductivity Program, and Office of Energy Effi-
buffer-layer architecture, or possibly use of an intermeciency and Renewable Energy. The research was
diate buffer layer between the SRO/LNO bilayer and Ni,performed at the Oak Ridge National Laboratory, man-
could be effective to passivate the Ni and/or oxygen dif-aged by U.T.-Battelle, LLC, for the United States
fusion. Pursuit of this idea and experiments are alreadepartment of Energy under Contract No. DE-ACO05-
underway. 000R22725.
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