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Abstract. YBa2Cu3O7−δ (YBCO) films grown on Sapphire are highly suitable for applications. The production of large size
(2-3") homogeneous, thick(d ≥ 600nm) films of high quality is of major importance. We report the growth of such films using
a buffer layer of Yttrium-stabilized ZrO2(YSZ). The films are highly homogeneous and show excellent mechanical properties.
They exhibit no sign of cracking even after many thermal cycles. Their critical thickness exceeds 1000nm. However, because
of the large lattice mismatch there is a decrease in the electric properties(increases Rs, decreases jc).
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INTRODUCTION

Using superconductors for commercial appli-
cations requires high quality large size films.
YBa2Cu3O7−δ (YBCO) on (1102)-oriented Al2O3(r-
cut Sapphire) is one of the best choices because it is
available in various sizes and shapes at low cost and has
good electric properties(ε ≈ 10, tanδ ≈ 10−8). However,
such films are usually of poor quality due to the large
mismatch between the lattice constant of YBCO and
Sapphire and the chemical reaction of Al impurities
with the superconductor. These can be improved by
introducing a buffer layer. Common choices are MgO,
CeO2 and Yttrium-stabilized ZrO2(YSZ).

Another problem caused by the incompatible substrate
is the appearance of micro-cracks above a critical thick-
ness. The thickness of the films is of major importance
for current carrying devices and for microwave appli-
cations (the thickness should be at least twice the pen-
etration distance to avoid losses from the substrate[1]).
Largest critical thickness values reported up today were
between 300nm[2, 3] and 700nm[4].

In this article we report the growth of high quality,
large size, crack free films of YBCO on top of r-cut
Sapphire with a buffer layer of YSZ.

SAMPLE PREPARATION AND
CHARACTERIZATION

Sample preparation. Both YSZ and YBCO layers
were grown by off axis dc magnetron sputtering from
stoichiometric single targets. The YSZ layer was sput-
tered at 5mTorr of Ar with the substrate at 955◦C. The
thickness of the YSZ was 1000Å at a deposition rate of
0.01nm/sec. During the sputtering of YBCO the heater
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FIGURE 1. Typical 2" YBCO Film. The homogeneity is
verified by the small changes of Tc measured inductively at
different locations along the radius.

temperature was 930◦C. The substrate was heated by IR
radiation and its temperature was estimated as 750◦C.
The gas mixture was 50/50 percent Oxygen and Argon at
200mTorr. The dc power on the target was 140W, yield-
ing a sputtering rate of ∼ 0.03nm/sec. An annealing pro-
cess in pure Oxygen was performed for 16 Hours at ap-
proximately 500◦C.

Film characterization. The crystallographic struc-
ture of the films was tested by X-Ray diffraction(XRD).
All of the films showed the existence of only (001) ori-
entation of YBCO. The c-axis value was calculated by



40 nm

FIGURE 2. Typical AFM Picture. The roughness of the film
is 5-10nm(RMS) with a small density of large outgrowth parti-
cles(20x20nm and 40nm height).

TABLE 1. Electric Properties of Selected Films.

Sample ID Thickness(nm) jc(MA/cm2) Rs(mΩ)∗

160304 700 0.3 1.83
240304 700 0.2 1.56
300304 700 0.2 1.59
190505 400 0.37
100205 150 0.6
130205 150 0.9

∗ measured only for films thicker than 600nm

the (0010) peak to be 11.68± 0.01Angstrom. The sur-
face morphology was examined by an Atomic Force Mi-
croscope (AFM). Figure 2 shows a typical AFM image
with a surface roughness(RMS) of 5-10nm. A few large
outgrowth particles with typical sizes of 20x20nm and
40nm height are also visible. An important result which
is clearly seen in all the AFM pictures is the absence of
any micro-cracks.

Growing homogenous large size films is usually prob-
lematic. In order to check the homogeneity we made in-
ductive measurements of the critical temperature (Tc) in
different areas of the film. The inductive coils were 1mm
in diameter. Figure 1 shows the high homogeneity of the
films - less than 0.2K change in Tc along the radius of
the sample. The critical temperature is 87.5K which is a
typical value for high quality YBCO films on Sapphire.

The critical current density( jc) was measured in-
ductively by measuring the magnetic field penetra-
tion profile. A description of this technique is given
elsewhere[5]. Typical jc values are given in table 1. The
jc dependence on the film’s thickness shows the already
reported[6] feature of 1√

d
as expected from the collective

pinning model. This is shown in figure 3. The surface
resistance(Rs) was measured with a dielectric resonator
similar to that described by Zuccaro et al.[7].
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FIGURE 3. Critical Current Density Versus Thickness. The
solid line represents the jc ∝ 1√

d
behavior expected from the

collective pinning model.

CONCLUSIONS AND DISCUSSION

We described the growth procedure of YBCO films on
Sapphire with a buffer layer of YSZ. The electric proper-
ties of the films were slightly lower than the highest qual-
ity films reported on Sapphire. However, the use of YSZ
as a buffer turned out to be advantageous for the mechan-
ical properties. The films showed no micro-cracking even
after many thermal cycles and their critical thickness ex-
ceeded 1000nm. Another feature of our films which is
imperative for application was their homogeneity. The
use of YSZ presented a tradeoff between electric prop-
erties and mechanical strength. This reduction in electric
properties may be improved in the future by introducing
a second buffer layer with a better lattice matching to
YBCO(e.g. CeO2).

Acknowledgments. This work was supported by the
Heinrich Hertz Minerva Center for High Temperature
Superconductivity, the Israel Science Foundation and the
Oren Family Chair of Experimental Solid state physics.

REFERENCES

1. N. Klein et al., J. Appl. Phys. 67, 6940 (1990).
2. G. Kästner et al., Phys. Stat. Sol. (a) 150, 381 (1995).
3. A. G. Zaitsev et al., Applied Superconductivity: Inst. Phys.

Conf. Ser. 158, 25 (1997).
4. A. G. Zaitsev et al. J. Supercond. 11, 361 (1998).
5. B. Almog, M. Azoulay and G. Deutscher, to be published.
6. R. Wördenweber, Supercond. Sci. Technol. 12, 86 (1999).
7. C. Zuccaro et al., IEEE Trans. Appl. Supercond. 1, 295

(1997).


