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CeO3/YSZ/CeO; buffer layers were deposited on biaxially textured Ni substrates by pulsed laser deposition. The
influence of the processing parameters on the texture development of the seed layer CeO2 was investigated. Epitax-
ial films of YBCO were then grown in situ on the CeO2/YSZ (yttria-stabilized ZrOgz)/CeOz-buffered Ni substrates.
The resulting YBCO conductors exhibited self-field critical current density J. of more than 1 MA/cm? at 77K and

superconducting transition temperature T of about 91K.
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1. Introduction

New approaches leading to the possibility of fabri-
cating biaxially textured YBCO on metallic substrates
are currently under development in many laboratories
around the world.1=3 The rolling-assisted biaxially
textured substrates (RABIiTS) approach has been re-
garded as one of the leading techniques for fabrica-
tion of YBCO-coated conductors.4=% The main re-
quirement in RABITS technology is the deposition of
one or more buffer layers on the biaxial texture of the
metal substrate. These buffer layers are employed to
transfer the substrate texture to the YBCO films as
well as to prevent metal diffusion into the supercon-
ductors from the substrates. Primary considerations
for these buffer layers must include proper matching
of the adjacent crystalline lattices and thermal expan-
sion coefficients, as well as chemical compatibility and
easy deposition.

A successful RABITS buffer layer structure is
Ce0,/YSZ (yttria-stabilized ZrO;)/Ce0,.["#] In this

triple-layer structure, the CeOs seed layer can ef-
fectively minimize the formation of NiO during the
initial deposition on the substrate, while the CeO,
cap layer provides good lattice matching for the sub-
sequent YBCO layer.l%) The intermediate YSZ layer
serves as an oxygen and metal diffusion barrier. The
CeOg cap layer on YSZ also provides chemical com-
patibility by suppressing the growth of BaZrOs which
may occur at the YSZ/YBCO interface, causing de-
graded critical currents in the YBCO.11% As either
seed or cap layer, the CeO, film must be quite thin or
else cracks will develop in thicker films due to the lat-
tice mismatch and thermal expansion mismatch with
the substrates and the YBCO layers.

In this paper, we report the epitaxial growth of
Ce03/YSZ/CeO; buffer layers on biaxially textured
Ni substrates using pulsed laser deposition (PLD). A
study of the effect of the substrate temperature on
texture development of CeO4 seed layer is presented.
Using this CeO3/YSZ/CeOq architecture as the buffer
layers, high-quality YBCO films with a T, about 91K
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and a self-field critical current density J. over 10°
A/cm? at 77K can be obtained.

2.Experiment

Biaxially textured Ni (99.99%) substrates were
prepared by a cold rolling and annealing process.
The thickness of the biaxially textured Ni substrates
used was about 200 pm. Both the buffer layer
Ce03/YSZ/CeO2 and YBCO film were grown by
PLD, using a 308 nm XeCl excimer laser system oper-
ated at an energy density of about 2 J/cm? and a rep-
etition rate of 4 Hz. A CeO ceramic target, a 10mol%
YSZ ceramic target and a YBCO ceramic target were
used to deposit the CeOz, YSZ and YBCO layers, re-
spectively. All layers in this work have been deposited
in situ without breaking the vacuum conditions after

the completion of every run.

After the vacuum in the chamber had reached
10~*Pa at room temperature, a gas mixture of 4%
H, and 96% Ar was introduced until the pressure in-
side the chamber reached 100Pa. The Ni substrates
were annealed at 650°C for 1-2h to reduce the NiO on
the surface of Ni substrates. The chamber was then
pumped and maintained at a pressure of 1 Pa using a
gas mixture of 4% H, and 96% Ar. An epitaxial CeOy
seed layer, ~40 nm thick, was deposited by PLD on
the Ni substrates at 300-800°C. After the deposition
of the CeO5 seed layer, an initial layer of 30 nm YSZ
was deposited at 107*Pa of O, and 700°C, followed
by the additional growth of a 400nm thick YSZ film
and a 30nm thick CeOy film with Po,=0.5-1Pa at
the same temperature. After deposition of the final
buffer layer, the oxygen pressure was subsequently in-
creased to 70 Pa and the superconducting YBCO film
with a thickness of 600 nm was then deposited on the
buffer layer at 850°C. After deposition, the sample
was annealed at 500°C for about 20min at an oxygen
pressure slightly below 1 atm, and then the sample
was cooled down to room temperature.

Crystalline structures of the buffer layers and
YBCO film were characterized by x-ray diffraction
(XRD) techniques with § — 26 scan, -scan, w-scan
and pole figure. The resistance measurement was per-
formed with a standard four-probe method. The self-
field critical current density, J., was measured at 77K
using an inductive technique.

3. Results and discussion

3.1. CeO; seed layers on textured Ni substrates

It is found that the processing parameters such as
deposition gas pressure and temperature have a great
effect on the crystal structure of the CeO; seed layer.
The degree of the c-axis preferred orientation of the
CeOy is reduced at both low and high deposition gas
pressure. Good c-axis orientation is obtained only for
CeQO5 layers deposited in the deposition gas pressure
range of 0.5-1.5 Pa.

In order to obtain the desired (00) oriented CeO,
layers, we kept the forming gas pressure at 1Pa and
then deposited CeQO; layers at different temperatures.
Figure 1 shows the typical XRD 6 — 26 scans for CeO,
seed layers deposited on the textured Ni substrates
at different temperatures. As the temperature in-
creases from 300 to 700°C, the intensity of the (111)
oriented CeQ, peak decreases and the pure (002} ori-
ented growth is achieved at about 650°C. However,
the CeO, (111) peak has been observed again if the
temperature exceeds 700°C. Besides, as the deposi-
tion temperature increases, the position of the CeO,
(002) peak shifts to the high angle side (shown in the
inset of Fig.1), which means that the in-plane lattice
constants of the CeOy layers increase with increasing
deposition temperature. The reason may be that the
linear coefficient of thermal expansion of Ni is bigger
than that of CeQOg, resulting in less lattice mismatch
and hence less in-plane contraction of the CeO; layers
deposited at higher temperatures.['!]
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Fig.1. XRD @ — 26 scans for CeO3 layers grown on
textured Ni substrates at different temperatures. The
inset is the § — 260 scans for CeO2 (002) peaks.

A typical 6 — 28 scan for a 40nm thick CeO,
layer grown on the textured Ni substrate under the
optimal experimental condition, ie. T;=650°C and
P=1Pa, is shown in Fig.2. The CeO; layer has a

preferred c-axis orientation and no NiO exists in the
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layer. The inset of Fig.2 shows the CeO, (111) x-ray
pole figure. Four well-defined CeO (111) poles are
evenly distributed, which reveals the presence of sin-
gle four-fold cube texture. In addition to the excellent
crystalline quality, the SEM image of this 40 nm thick
CeQ; layer shows that the layer is smooth, uniform,
crack-free and dense.
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Fig.2. XRD 6 — 26 scan for a 40 nm thick CeO; layer
grown on textured Ni substrates at 650 °C and 1Pa.
The inset is the CeO2 (111) x-ray pole figure of this |,
CeOg2 layer.

3.2. Ce0,/YSZ buffer layers on CeO;/Ni sub-
strates

The growth conditions for the second and third
buffer layers are not so critical as the seed layer. In
all the experiments we could observe that the orien-
tation of the seed buffer layer had transferred to the
covering layers. ]

Figure 3 shows a typical 6 — 26 scan for the
Ce0»/YSZ/CeO, buffer layers deposited on textured
Ni substrate by PLD. Single-phased (002) orientation
of the buffer layers can be seen and the strong CeO,
(002) and YSZ (002) signals reveal the presence of a

good out-of-plane texture in both layers.
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Fig.3. XRD 6 — 28 scan for the CeO2/YSZ/CeO2/Ni
structure.

Figure 4 shows w-scan and ¢-scan patterns for
the CeO,/YSZ/CeOy/Ni structure. The full-width
at half maximum (FWHM) of the ¢-scan is usually
used to quantitatively characterize the in-plane tex-
ture of the films and the out-of-plane texture of the
films was characterized from that of w-scans. It can be
seen from the w-scans that the out-of-plane texture is
sharp, with FWHMs of the Ni (002), CeO, (002) and
YSZ (002) being 7.0, 5.5 and 4.4, respectively. Thereis
a significant improvement in the out-of-plane texture.
This could be due to the formation of sub-grains inside
the Ni grains, and also the smoothness of the CeO,
and YSZ layers.['?] In the case of in-plane texture, the
FWHMs of Ni (111), CeO, (111) and YSZ (111) are
found to be 10.6, 11.1 and 9.9, respectively. Unlike
the out-of-plane texture, no systematic improvement
in the in-plane texture has been found. The XRD
results from w and ¢ scans indicate the existence of
excellent epitaxy throughout all layers.
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Fig.4. w-scan and @-scan patterns for the CeO2/YSZ/CeO2/Ni structure.

The Ni (111), CeOy (111) and YSZ (111) pole
figures confirm that CeOy and YSZ buffer layers are

cube-on-diagonal epitaxy with the epitaxial relation-
ship of YSZ [110]//Ce02[110]//Ni[100], as shown in

biaxially textured, and there is a 45° rotation between  Fig.5.
the in-plane CeO3/YSZ axes and Ni axes, indicating a
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Fig.5. Pole figures of Ni (111), CeO2(111) and YSZ (111) for the CeO2/YSZ/CeO2/Ni structure.

3.3. YBCO films on CeO;/YSZ/CeO;,/Ni sub-
strates

Highly textured PLD-YBCO has been grown on
the CeO2/YSZ/CeO, buffered Ni substrate. A typi-
cal 6 — 20 scan for a 600nm thick PLD-YBCO film
on Ce0,/YSZ/CeO2/Ni is shown in Fig.6, with the
inset showing the YBCO (103) pole figure of the same
YBCO film. The presence of only (00!) reflections in-
dicates that the YBCO is c-axis oriented, and the pole
figure reveals the presence of in-plane-texture. De-
tailed XRD results from w-scans of YBCO (005) and
w-scan of YBCO (103) of the YBCO film reveal good

biaxial texturing.

Intensity/arb. units

Ni(200) |

26/(°)

Fig.6. XRD 6 — 26 scan for the YBCO film grown
on CeO2/YSZ/CeO2/Ni structure. The inset is the
YBCO (103) x-ray pole figure of this YBCO film.
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Fig.7. R-T curve for the YBCO film grown on the
CeO2/YSZ/CeO2/Ni structure.

We have obtained a T, about 91 K for this 600 nm

thick YBCO film, as shown in Fig.7. The critical
current density J. of the YBCO coated conductors
was measured inductively, and average values of 1.4
MA/cm? can be obtained at 77K in the self-field.

4. Conclusion

We have demonstrated the successful fabrication
of high-quality epitaxial YBCO coatings on biaxially
textured Ni substrates with a buffer layer sequence
of CeO2/YSZ/CeO;. XRD measurements revealed
good-quality crystalline structure for both buffer lay-
ers and YBCO films. The resulting YBCO coated
conductors show a high T, of 91K and a self-field J,
of more than 1MA/cm?.
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