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FABRICATION OF HIGH CURRENT YBa;Cu;0;, COATED CONDUCTORS USMG
ROLLING-ASSISTED BIAXIALLY TEXTURED SUBSTRATES

M. PARANTHAMAN, F. A LIST, D. F. LEE, A. GOYAL, R. FEENSTRA, D. P. NORTON,
C. PARK, D. T. VEREBELYT,

(Yttria Stabilized Zirconia) layer using either e-beam evaporation or rf
magnetron sputtering. The e-beam CeO, film had a dense microstructure. The microstructure
of the e-beam YSZ film was porous whereas the sputtered Y SZ film was dense. The YBCO
films were grown by pulsed laser deposition on both e-beam and sputtered YSZ layers. A
transport critical current density of- 1 x 10* A/em? at 77 K was obtained for ~ 0.8 um thick
YBCO films on both YSZ surfaces in zero field. To demonstrate the quality and compatibility
of the e-beam CeQ; layers, YBCOQ films were also grown on CeQ,-buffered YSZ (100) single
crystal substrates using e-beam co-evaporated Y-BaF,-Cu precursors followed by a post-
annealing process. A transport critical current density of over 1

to as YBCO) deposits have emerged as one
of the leading candidates. Three approaches have been used to fabricate biaxially textured YBCO
films. The first approach was to grow biaxialy textured Yttria Stabilized Zirconia (YSZ) buffer
layers on polycrystalline substrates including Ni-aloys such as Haynes 230 and Hastelloy C276
through an ion-beam assisted deposition (IBAD) process.'™ A high I, of over 1 x10% A/em® at 75
K and zero field was obtained.* The second approach was to use the Inclined Substrate
Deposition {(ISD) technique where textured YSZ deposits were made using pulsed laser
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texture. It is interesting to note that the thickness of the YSZ buffer layer was only 1400 A. As
shown in Figure 1, the distribution of in-plane orientations of the YBCO was rotated 45 with
respect to the underlying Ni in about 95 % of the film. The resistively determined critical
temperature, Tc was around 87 K. The temperature dependence of J; for 0.76 um thick YBCO
films on al e-beam buffer layers is shown in Figure 2. A maximum J. of ~ 0.9 X 10°® A/em? was
obtained at 77 K and zero field. At 75 K, a I, of about 1 x 10" A/ecm?* was obtained. These results
show that high J. YBCO fiims can be grown on YSZ buffer layers with a relatively small
thickness of 1400 A.
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FIGURE 2
The temperature dependence of I, values for -~ 0.8 um thick YBCO films deposited on 1400 A

thick e-beam YSZ (on 100 A thick e-beam CeQ5-buffered Ni) and 0.77 um thick sputtered Y SZ
(on 100 A thick e-beam C&-buffered Ni) buffers.

3.2. E-beam evaporated CeQ, and sputtered Y SZ layers

The XRD results from the 0.77 pm sputtered Y SZ layer deposited on CeOs-buffered Ni
substrates revealed good epitaxial texturing. The microstructure of the sputtered YSZ layers was
dense, crack-free and well aligned. High current YBCO films were grown on a combination of
thick sputtered YSZ buffers and thin e-beam CeQ; buffers on textured-Ni substrates. The
temperature dependence of J; for a 0.76 um thick YBCO film is shown in Figure 2. A maximum
I, of > 0.9 x 10° A/em? at 77 K and zero field was obtained. From the texture analysis of this film,
the distribution of in-plane orientations of the YBCO film was over 95 % cube-on-cube with
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respect to the underlying Ni. The difference in the distribution of the YBCO orientations on al e-
beam buffers (as from section 3.1) and a combination of sputtered and e-beam buffers (as from the
present section) may be related to the microstructure, thickness, deposition technique, and the
deposition temperature of the YSZ buffer layers. The detailed microstructure characterigtics of al
these buffer |ayers have been described elsewhere.' !>

3.3. E-beam co-evaporated YBCO precursors and post-annealing

The e-beam CeOz-buffered Y SZ (100), Y SZ (100), and SrTiO; (100) substrates were pre-
annealed at optimum temperatures and pressures of oxygen prder to the YBCO precursor
deposition. The deposited precursor films were post-annedled in a flowing mixture of N3, ©,, and
H20 with po, = 200 mTerr and pH;0 = 20 Torr at 760 °C for 60 min. At the end of the hold the
gas flow was switched to the dry conditions. The sample was then cooled to 500 *C for 30 min
oxidation anneal in1atm of O,. The high-temperature anneal under wet conditions resulted in
converson of the Y, BaF, Cu into YBayCu3Q4.,. Details of the' post-annealing process have been
published elsewhere.'? The temperature dependence of the resistivity for ~ 0.3 um thick YBCO
films on CeQy-buffered YSZ (100) (referred as Ce0x/YSZ), YSZ (100), and SrTi0y (100)
(referred as STO) substrates are shown in Figure 3. The room-temperature resistivity of the YBCO
film on Y SZ subgtrate was very high and the T, also was suppressed to 85 K. On the other hand,
the YBCO films on CeOx/YSZ and STO substrates had low room temperature resistivities (230-
280 microOhm.cm} and a T, of about 90 K. The extrapolated values of the resistivity data
(between 300 K and above T¢) below zero indicates the presence of predominantly cl YBCO
films on STO and CeQy/YSZ substrates. The relatively poor properties for films deposited directly
on YSZ result from a reaction between the substrate and film. This reaction disables the growth of
high quality ¢l YBCO films. A thin cap layer of CeQO, (200-400 A), however, prevents this
unwanted reaction, leading to film properties which are comparable to those on relatively inert and
well-matched STO (100) substrates. For example, a maximum J, of over 1 x 10° Azem? at 77 K
and zero field was obtained on CeQx-buffered YSZ. The 8-28 scans of the YBCO films on
CeO./YSZ substrates indicated the presence of a c-axis-aligned EIm. The presence of small
impurity peaks (20 = * and ®), which may be indexed as belonging to BaCeQs3, indicate that there is
some interaction between the CeO, layer and YBCO. The field dependence of J. for 0.3 um thick
YBCO films on CeO»/YSZ, and STO substrates are shown in Figure 4. From Figures 3 and 4, we
conclude that CeOy-buffered Y SZ substrates provide good templates for ex situ grown YBCO
films. Attempts are being made to grow YBCO films on RABITS by this ex situ precursor

approach.
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The temperature dependence resistivity for ~ 0.3 pm thick YBCO film on ¢-beam CeQ,-buffered

YSz (100). YSZ (100), and SeTiOs (100) (referred as STO) single crystal substrates.
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The fidd dependence of critical current density, Jo for ~ 0.3 pm thick YBCO film on e-beam
CeOq-buffered YSZ (100). and ScTiQ; (100) (referred as STO) single crystal substrates.
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