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Abstract: YSZ buffer layers were deposited on silicon and sapphire by MOCVD. The layers deposited on
silicon were highly oriented along [100] direction without in-plane orientation, probably because the existence
of the SiO2 amorphous interlayer. In contrast, epitaxial YSZ was obtained on (1-102) sapphire showing an in-
plane texture defined by the following relationships: (100) YSZ // (1-102) sapphire and (110) YSZ // (01-12)
sapphire. Subsequently, YBCO films were deposited on YSZ by MOCVD. Structural, morphological and
electrical characterization of the superconducting layers were correlated with the in-plane texture of the buffer
layers.

1. INTRODUCTION

High quality YBa;Cu3O7.5 (YBCO) thin films with high critical current densities should be deposited
on substrates such as silicon and sapphire for the integration of superconductors in microelectronics
and microwave applications. It is well known that YBCO reacts chemically with silicon {1] and
sapphire [2] at temperatures above 600°C, leading to a strong deterioration of the superconducting
properties of the films. Therefore, a suitable buffer layer acting as a diffusion barrier should be
deposited on these substrates for the preparation of epitaxial YBCO layers. Yttria-Stabilized Zirconia
(YSZ) fulfils the properties required to this interlayer [3].

High-quality YBCO superconducting thin films (Tc=89K and critical current densities
J;=106A/cm?) have been prepared on YSZ buffer layers deposited on sapphire [4] and silicon [5] by
PVD techniques. It should be noted that, MOCVD technique has also been used for the deposition of
YBCO/YSZ/sapphire[6,7] and YBCQ/YSZ/Si [8]) multilayers, but high critical current densities have
only been obtained on sapphire substratesf9].

In this paper we present results of a mmorphological, structural and electrical characterization of
YBCO films and YSZ buffer layers deposited on silicon and sapphire by MOCVD.

2. EXPERIMENTAL
2.1 YSZ film deposition by MOCVD

YSZ films were deposited on silicon (100) and sapphire (1-102) in a quartz hot wall reactor. Zr and Y
complexes of 2,2,4.4 - tetramethyl-3,5, heptanedione (Zr(thd)s and Y(thd)s) were qsed as
precursors. The evaporation temperatures were ranged between 123-125°C and 145-150°C for
yttrium and zirconium precursors, respectively. The argon carrier flow was 150 sccm for every
source and an oxygen flow of 300 sccm was added downstream in a mixing zone. Typical substrate
temperature range was 080-750°C for YSZ on Si deposition (YSZ/Si) and 820-860°C for YSZ on
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sapphire deposition (YSZ/sapphire). No attempt was made to remove the native oxide layer from
silicon (100).

The total pressure in the reactor was held at 5 torr. The thickness in both cases was evaluated
in 300 nm by ellipsometry.

2.2 YBCO depeosition by MOCVD

YBCO layers were also obtained by thermal activated MOCVD. Argon was used as a carrier gas and
oxygen was also added to the main flow. The source materials were Y(thd)s, Ba(thd)? and Cu(thd),.
Typical source temperatures were 117.5, 103.4, 212°C for Y, Ba and Cu precursor respectively with
an individual carrier gas flow of 50 sccm. The oxygen flow was 150 sccm. The total pressure in the
reactor was kept at 10 torr. The deposition temperature of YBCO on YSZ buffer layer was ranged
between 845 and 910°C.

3. RESULTS AND DISCUSSION
3.1 YSZ buffer layers preparation
3.1.1 Structure

XRD analysis performed on both types of YSZ buffer layers demonstrate that films were highly
oriented along [100] direction.

Figure.la depicts the diffractogram obtained on YSZ/Si. Samples showed a (200) preferential
reflection corresponding to the cubic YSZ structure. The FWHM of the rocking curve performed on
this reflection was 10°.

In contrast, the FWHM of the rocking curve carried out on the (200) reflection of YSZ
deposited on sapphire (1-102) (figure.1b) was close to 1°, indicating the highly oriented nature of the
films.
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Figure.1: XRD pattern of YSZ deposited on (a) silicon at 750°C and (b) on sapphire (1-102) a1 820°C. Rocking scans
trough (200) reflecton of YSZ film deposited on silicon and on sapphire are also shown.
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The in-plane texture and the epitaxial relationships between films and substrates were studied
by means of the pole figures corresponding to the (202) and (222) film reflections and the (300) and
(006)-sapphire and (202)-silicon substrates reflections.

The pole figure of (202) reflection of YSZ films deposited on silicon shows a continous ring
shape without local maxima indicating that there exits no in-plane orientation and consequently there
is no predominant alignment between layer and substrate. This fact was already suggested by the
FHWM results.

Figure.2 shows the 3-dimensional pole figure corresponding to the (202)-YSZ reflection

deposited on sapphire. The presence of four peaks separated by ¢p=90° at Yy=45° confirms the in-
plane texture of the films. A combined pole figure of the (202) and (222) film reflections and the
substrate (006)S and (300)S reflection, is shown in fig.2.

figure.2: (202)-YSZ refiection pole figure {on the left). A combined (202) and (222)-YSZ reflections and (006) and
(300)- sapphire reflection pole figures (on the right side).

The epitaxial relationships between layer and substrate can be obtained from this figure and
described as: ‘ ]
(100)YSZ // {1-102) sapphire and (110} YSZ /f (01-12) sapphire

3.1.2 Morphology and microstructure

Figure.3a shows the scanning electron micrograph of a tilted surface and cross-section of YSZ layer
deposited on silicon. The surface of the films was slightly rough with a high density of grain
boundaries. The films exhibit columnar growth. Microstructural analysis was performed by TEM.
Figure.3b shows a 30 nm thick SiO; interlayer observed between YSZ and Si for a layer deposited at
750°C.
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Figure.3: (a) SEM cross-section micrography of an YSZ layer depaosited on silicon (b) TEM microeraphy of the Si02
interlaver observed between sihicon and Y SZ.
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Microstructural analysis performed on YSZ deposited at 820°C on sapphire showed that
buffer layers follow a two dimensional growth up to a thickness close to 100 nm [10]. Above this
value, the growth becomes columnar with cristalline domains oriented along the [100] direction as
shown in figure 4.

Figure.4: TEM micrography of a YSZ buffer layer obtained on sapphire at 820°C.

3.2 YBCO layers
3.2.1. YBCO/YSZ/Si

YSZ films deposited on silicon (100) substrates covered by native oxide were highly (100)-oriented,
but polycristalline. The YBCO films deposited on these buffer layers by MOCVD were highly c-
oriented but also polycristalline showing a certain degree of in-plane texture [8] probably induced by
the formation of a non uniform BaZrQOs interlayer between YBCO and YSZ films [11].

Figure.5 displays the morphology of YBCO layer obtained at the experimental conditions
described before. At high temperature (910°C), the layers consist of disconnected rectangular crystals
coexisting with well developed sticks. At lower temperature (845°C), the layers become continous
with connected crystals but the material does not exhibit a superconducting transition at temperatures
above 77 K.

Our results confirm the lack of experimentals results on YBCO/YSZ/Si deposited by
MOCVD. Up to now, only Electron Beam Evaporation [12] and Laser Ablation {13] are known to
result in epitaxial YSZ films on silicon.

In any case, the quality of the YBCO layers deposited on YSZ/Si by MOCVD should be
improved by eliminating the SiO; interlayer in order to reduce the misorientation along c-axis and/or
spreading an uniform BaZrQjs interlayer on the YSZ surface in order to enhance the two dimentional
growth of the YBCO films.
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Figure.5: SEM micrograph of the surface of an YBCO layer grown on YSZ/Si by MOCVD at {(a) 910°C and (b)
845°C,

3.2.2 YBCO/YSZ/Sapphire

YBCO films were deposited at 800°C on sapphire coated with an epitaxial YSZ buffer layer. The
XRD pattern of YBCO film (figure.6) shows that the layers were highly c-orientated. The FWHM of
the (005) reflecton rocking curve was evaluated in 1.35°.
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Figure.6: XRD pattern of YBCO deposited on sapphire with an (100) epitaxial YSZ buffer layer. Figure on the right
shows the rocking scan across the (005) YBCO reflection.

The in-plane texture was assessed by mapping the (103)-YBCO reflection phi-scan. As it is
shown in figure.7, the comparison between (103)-YBCO and (11 1)-YSZ_reﬂ_ecuons phi-scans prove
that YBCO lattice is 45° rotated with respect to the YSZ one. The epitaxial relationships can be
described as :

[001]T YBCO // {100] YSZ and (100], [010] YBCO // [110] YSZ.
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Figure.7: phi-scan patterns of (103)-YBCO and (111)-YSZ reflections.

The YBCO layers show a continous morphology with a slight roughness. In this case, the
films fulfil the suitable experimental conditions [see 3.2.1] for the growth of high quality YBCO layer
on YSZ: a) small misorientation between crystallites, in spite of its small size b) uniform BaZrO3
interlayer wich probably exists due to the high depositdon temperature [11].

The critical temperature was evaluated by means of an AC-susceptometer. Figure.8 shows the
real and imaginary parts of the A C-susceptibility measured at 0.1 Oe, indicating a T¢ {onset) above
88K for a 120 nm-thick YBCO layer on YSZ/sapphire. Critical current density was evaluated in

Jc=1.5.10% A/cm? at 77K by using the Bean model.
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Figure.8 : A C-susceptibility curve vs temperature for a multilaver YBCO/YSZ/sapphire. X' and " are the real and
imaginary parts of the AC-suscuptibility.
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4. Conclusions

1 - [100]-oriented YSZ buffer layers were grown on silicon (100) and sapphire (1-102) b
MOCVD. In the case of silicon substrate, the presence of native oxide probably prevents the in-p%anz
texture of the layers. In contrast, YSZ films deposited on sapphire show an epitaxial growth. The
epitaxial relationships are:

(100) YSZ// (1-102) sapphire and (110) YSZ // (01-12) sapphire.

2 - YBCO layers were grown on YSZ/Si. At high deposition temperatures, the film consists
on well shaped disconnected crystals. In contrast, at lower temperatures the layers are continous but
do not exhibit superconducting transition above 77K. This facts are correlated to : a) the
polycrystalline nature of the buffer layer induced by the presence of an amorphous SiO; interlayer
and b) the formation of a non uniform BaZrOs interlayer between YBCO and YSZ.

3 - High quality YBCO c-axis oriented layers were deposited en YSZ/sapphire. The films
show in-plane texture which leads to obtain high critical current densities. These values could be
probably increased by depositing a buffer layer with a thickness below its epitaxial threshold value,
evaluated in 100 nm. In this case, the flat merphology of the buffer layer could induce a BaZrOs
interlayer with an abrupt interphase enhancing, as well, the two-dimensional mechanism of YBCO
growth.
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