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ABSTRACT

This paper describes the development of three buffer layer architectures with good biaxial
textures on rolled-Ni substrates using vacuum processing techniques. The techniques include
pulsed laser ablation, e-beam evaporation, dc and rf magnetron sputtering. The first buffer layer
architecture consists of an epitaxial laminate of Ag/Pd(Pt)/Ni. The second buffer layer consists of
an epitaxial laminate of CeO2/Pd/Ni. The third alternative buffer layer architecture consists of an
epitaxial laminate of YSZ/CeO2/Ni. The cube (100) texture in the Ni was produced by cold-
rolling followed by recrystallization. The crystallographic orientations of the Pd, Ag, CeO2, and
YSZ films grown were all (100). We recently demonstrated a critical-current density of 0.73 x
106 A/cm2 at 77 K and zero field on 1.4 urn thick YBa2Cu3O7-y (YBCO) film. This film was
deposited by pulsed laser ablation on a YBCO/YSZ/CeO2/Ni substrate.
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INTRODUCTION

Growth of biaxially textured buffer layers on Ni substrates is the key step in the development of
YBa2Cu3O7-y (YBCO) based conductors for high temperature and high field applications. The
purpose of the chemical buffer layer is to retard oxidation of Ni, to reduce the lattice mismatch
between Ni and YBCO, and also to prevent diffusion of Ni into YBCO. Two approaches have
been used to deposit buffer layers. The first approach was to grow biaxially textured Yttria
Stabilized Zirconia (YSZ) buffer layers on polycrystalline Ni-based alloys such as Haynes 230,
and Hastelloy C276 through an ion-beam assisted deposition (IBAD) process [1-4]. A high Jc of
over 1 x 106 A/cm2 at 75 K and zero field was obtained on 1 (U.m thick YBCO films on Ni based
alloys with textured YSZ buffer layers grown by IBAD [5]. The second approach was developed
at Oak Ridge National Laboratory using the concept of rolling-assisted biaxially textured
substrates (RABiTS) [6]. Our approach was to use rolling-induced texture to obtain biaxially
textured face-centered cubic metal strips and to deposit epitaxially on the strips both buffer layers
and superconductors to form a conductor. The Ni was chosen as the substrate because it readily
develops the cube texture and is more oxidation resistant than Cu. Recently, we demonstrated
that a Jc of 0.73 x 106 A/cm2 at 77 K and zero field can be obtained for films with a layer
sequence of YBCO/YSZ/CeO2/Ni [7,8]. The crystallographic orientations for all the layers were
(100). In this architecture, all oxide layers were grown by pulsed laser deposition (PLD). There
is a clear need to develop a capability to deposit buffer and superconductor layers by other
techniques for making long length conductors. Using electron beam evaporation, rf and dc
magnetron sputtering, we developed three buffer layer architectures with good biaxial textures on
rolled-Ni substrates [9,10]. In this paper, we will report a detailed summary of all the three
buffer layer architectures that were developed using vacuum processing techniques.
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EXPERIMENTAL RESULTS AND DISCUSSION

The cube (100) texture in Ni (99.99 % pure) was produced by cold-rolling to over 90 %
deformation followed by recrystallization at temperatures ranging from 400 to 1000 °C. The
thickness of the textured-Ni substrate used was 125 Jim. The deposits were produced without any
substrate polishing using pulsed laser ablation, e-beam evaporation, dc and rf magnetron
sputtering techniques. Detailed microstructural characterizations were carried out on these films.
The experimental details for the growth of three buffer layer architectures on rolled-Ni
substrates are described below.

1. Ag/Pd(Pt)/Ni Architecture:

The as-rolled Ni substrates were cleaned and mounted on a substrate holder with a heater
assembly in an electron beam system. After the vacuum had reached lxlO"6 Torr at room
temperature, the substrates were in situ annealed at 400 °C for 4 hours. The Pd layer was then
grown on the textured Ni at temperatures from 100 to 500 °C. The 0-28 scan for a 400 nm thick
Pd film deposited on Ni at 500 °C showed the presence of a (100) oriented film. Platinum films
were also grown epitaxially on textured-Ni substrates using similar conditions. The Ag films
were then grown on both Pd-buffered and Pt-buffered Ni substrates at room temperature. The
Ag films were then post-annealed at 300 °C in the system. The 9-28 scan for a 150 nm thick Ag
film deposited on both Pd-buffered and Pt-buffered Ni showed the presence of a (100) oriented
film. Figure 1 shows the co and <}> scans for 150 nm thick post-annealed Ag films on Pd-buffered
Ni substrates. The Full-Width-Half-Maximum (FWHM) for Ni (002), Pd (002) and Ag (002)
obtained were 6.8°, 1.7° and 2.6°, and that of Ni (202), Pd (202) and Ag (202) were 9.8°, 8.4°
and 8.7°, respectively. The rocking curves for Pd and Ag are smooth because these are fine-
grained films. The Ni substrate, by contrast is coarse-grained, so its rocking curves consist of
many sharp peaks corresponding to individual grains. The XRD results show that Ag, Pt, and Pd
can be deposited epitaxially on Ni by the electron beam evaporation technique. Similar results
were also obtained on films grown by dc sputtering [9].
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Ni substrates.
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2. CeO2/Pd/Ni Architecture:

CeO2 films were deposited on the Pd-buffered Ni substrates using electron beam evaporation.
The Pd-buffered Ni substrates were annealed at ~ 600 °C for 30 minutes at - 10"4 Torr with a
mixture of 4 % H2 and 96 % Ar. After annealing, the chamber was maintained at a pressure of
2xl0"5 Torr with a mixture of 4% H2 and 96% Ar. The textured CeC>2 layers were grown on
the Pd-buffered Ni at temperatures ranging from 300 to 750 °C. Cerium metal was used as the



source. The use of a mixture of 4% H2 and 96% Ar gas prevents the formation of NiO during
the CeO2 growth. A 9-29 scan for a 100 nm thick CeC>2 film deposited on Pd-buffered Ni at 400
°C showed the presence of (100) out-of-plane texture. The oxygen impurity present in the
chamber is apparently enough to oxidize the film to form stoichiometric CeC>2. Figure 2 shows
the (0 and $ scans for the same film. The FWHM for Ni (002), Pd (002) and CeO2 (002) were
6.6', 4.6° and 5.9°. The FWHM from <)> scans for Ni (202), Pd (202) and CeC>2 (202) were 8.3°,
7.8° and 10.0°. The XRD results demonstrate that CeO2 and Pd can be deposited epitaxially on
Ni by the electron beam evaporation technique. Similar results were also obtained on films
grown by dc and rf magnetron sputtering [9].
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Fig. 2. The GO and <|> scans
for a 100 nm thick CeO2
deposited on 200 nm thick
Pd-buffered Ni at 400 °C.

3. YSZ/CeO2/Ni Architecture:

Electron beam evaporation was also used to deposit CeO2 films directly on Ni. The Ni substrates
were annealed at - 700 °C for 60 minutes at - 1 Torr with a mixture of 4% H2 and 96% Ar.
During CeO2 deposition, the chamber was maintained at a pressure of 2xlO"5 Torr with a
mixture of 4% H2 and 96% Ar. The XRD results showed good epitaxial texturing for a 100 nm
thick CeO2 films deposited on Ni at 600 °C. Using similar conditions, YSZ was deposited at 600
°C on CeO2-buffered Ni substrates. Yttria (10%) stabilized zirconia was used as the source.
Strong YSZ (200) and CeC>2 (200) peaks shown in a 9-29 scan for a 100 nm thick YSZ films
indicated the presence of a good out-of-plane texture. From the Q) and $ scans for the same film,
the FWHM for Ni (002), CeO2 (002), and YSZ (002) were 7.4°, 6.6°, and 6.8°, and that of Ni
(202), CeO2 (202), and YSZ (202) are 9.5°, 8.8°, and 8.5°, respectively. As shown in Figure 3,
the CeO2 (111) and YSZ (202) pole figures demonstrate that the buffer layers are epitaxial with a
single orientation. The XRD results show that YSZ can be grown epitaxially on CeO2-buffered

Fig. 3. The CeO2 (111) and
YSZ (202) pole figures for a
100 nm thick YSZ deposited
on 10 nm thick CeO2-buffered
Niat 600 °C.
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Ni substrates by the electron beam evaporation technique. Similar results were also obtained on
films grown by rf magnetron sputtering [9]. To date, our efforts to grow YSZ directly on
rolled-Ni substrates have produced either randomly oriented YSZ or (121) oriented films.

In thickness dependence studies on CeO2 layers which had been deposited on rolled-Ni substrates,
we found that as-grown 100 nm thick CeC>2 layers were cracked whereas 50 nm thick CcOi
layers were crack-free. The presence of YSZ layers on top of CeO2 layers seem to alleviate the
cracks that are formed underneath. The cerium oxide layer thickness was found to be critical.
Growth of a 3-10 nm thick CeO2 layer prevents crack formation and also assists the epitaxial
growth of YSZ films. Efforts are being made to demonstrate the growth of high Jc YBCO films
on buffer layers grown by electron beam evaporation and rf magnetron sputtering techniques.

In summary, we developed three buffer layer architectures with good biaxial texture on textured-
Ni substrates using the vacuum processing techniques. They are Ag/Pd(Pt)/Ni, CeC»2/Pd/Ni and
YSZ/CeO2/Ni. The cube (100) texture in Ni was produced by cold-rolling followed by
recrystallization at temperatures ranging from 400 to 1000 °C. The crystallographic
orientations of the Pd, Pt, Ag, CeO2 and YSZ grown on textured-Ni were (100). These
architectures are useful for the subsequent growth of superconductors such as YBa2Cu3O7, and
other high Tc materials that are chemically and epitaxially compatible with Ag, CeO2 and YSZ
buffer layers.
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