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Abstract. A laser deposition arrangement for the preparation of smooth
YBa2Cu3Oy and EuBa2Cu3Oy films is presented. An excimer laser beam is split by
a knife-edge prism into two beams, which are focused onto two rotating targets
oriented perpendicular to each other. The two laser-induced molecular streams
collide and form a new stream containing mainly light molecules and almost no
droplets. The molecules from this stream deposit on a substrate that is placed in
the shadow of the original molecular streams. The use of copper-poor targets
prevented the occurrence of precipitates.

1. Introduction

The pulsed laser deposition (PLD) technique has been found
to be suitable for the preparation of semiconductor [1],
metallic [2], superconductor [3] or high-TC superconductor
[4] thin films. Usually the films contain droplets and other
macroparticles [5]. Several methods have been applied to
reduce the numbers of droplets and particles, for example
PLD in off-axis geometry [6], placing the substrate in a
tube heater oriented perpendicular to the target surface, and
PLD with filtration of the ablation plasma with a velocity
filter [7]. Another method uses the crossed-flux technique
[8, 9], with two laser-induced molecular streams colliding
and forming a new stream directed onto the substrate
which is placed in the shadow area of the two original
molecular streams. Compared with other methods, this
process has some advantages. For example, it is possible
to view the laser-induced molecular streams directly to
control the deposition. It is also possible to installin situ
characterization methods (e.g. RHEED, reflection high-
energy electron diffraction). Up to now Nd–YAG lasers
have been used for crossed-flux deposition. It is, however,
well known that UV lasers are more suitable for the
preparation of high-TC films [10].

Here we report on the preparation of high-quality
YBa2Cu3Oy and EuBa2Cu3Oy films on MgO (001) with
a modified crossed-flux technique using an excimer laser.

Figure 1. Experimental set-up for two-beam excimer laser
ablation.

2. Experiment

The beam of an excimer laser (wavelength 248 nm, pulse
duration 20 ns, pulse energy 600 mJ, repetition rate 10 Hz,
beam size 32×15 mm2) was split into two beams (size 15×
16 mm2) (figure 1) with a knife-edge prism (right-angled
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Figure 2. Scanning electron microscope image of 100 nm
thick YBa2Cu3Oy films, ablated from (a) YBa2Cu3Oy and
(b) YBa2Cu2.6Oy targets.

faces with a high-reflection coating for 248 nm radiation at
an angle of incidence of 45◦). The beams were reflected
by two mirrors, coated with a high-reflection coating
(for an angle of incidence of 22.5◦). Finally the beams
were focused by two lenses (with low-reflection coatings)
onto two rotating disc-shaped targets of YBa2Cu3−xOy or
EuBa2Cu3−xOy (x = 0 to 0.5), oriented perpendicular to
each other. The distance between substrate and crossing
point of the laser-induced molecular streams was about
35 mm. The pulse energy density at the target surfaces was
about 5 J cm−2. The targets were prepared by the ceramic
method [11] using Y2O3, BaCO3 and CuO powders.

Due to collisions of ions, the two laser-induced
molecular streams are deflected from their initial directions
and are able to reach the substrate (indicated by dotted
curves in figure 1). The metallic diaphragms prevent

Figure 3. Temperature dependence of the resistance of
150 nm thick YBa2Cu3Oy and EuBa2Cu3Oy films.

Figure 4. XRD θ–2θ patterns of 150 nm thick YBa2Cu3Oy
and EuBa2Cu3Oy films.

heavier particles, which are not deflected by the other
stream, from directly hitting the substrate. The substrate is
placed in the shadow region of the two molecular streams.

The films were deposited on MgO (001) substrates (size
10×10 mm2) heated up to 730◦C in an atmosphere of about
30 Pa oxygen. The deposition rate was 110Å min−1.

We prepared films with thicknesses between 20 and
250 nm, the thickness being determined with a surface
profiler and low-angle x-ray diffraction. The critical
temperature was determined with mutual inductive and
four-probe a.c. measurements. The surface resistance
was measured using a cavity resonator at 87 GHz.
Structural and crystallographic properties were investigated
by x-ray diffraction (XRD) analysis using a four-circle
diffractometer and Cu Kα radiation (λ = 1.5406Å).

3. Results and discussion

The YBa2Cu3Oy and EuBa2Cu3Oy films appeared optically
mirrorlike over the whole sample area (10× 10 mm2).
Scanning electron microscope investigations showed that
the surfaces were almost free from droplets with a size
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>1 µm and the density of smaller droplets was less than
103 cm−2; large clusters, which are present in both plasma
streams in small concentrations, are hardly deflected by the
light particles, and therefore do not reach the substrate.

However, we observed a high concentration of
precipitates on films prepared with YBa2Cu3Oy targets
(figure 2(a)), consisting mostly of copper oxide as
determined by EDX (energy dispersive x-ray analysis)
investigations. After reducing the copper content of the
targets to 2.6 (e.g. using YBa2Cu2.6Oy) the surfaces of our
films contained almost no precipitates (figure 2(b)).

The temperature dependence of the resistanceR of
150 nm thick films is shown in figure 3. Superconductivity
occurs for YBa2Cu3Oy at 89.7 K and for EuBa2Cu3Oy

at 93.3 K. The resistive transition width (10%–90%) was
about 1 K for both materials. The relation between
resistance at room temperature and at 100 K was in the
range of 2.5 to 2.9. The films had surface resistances (at
87 GHz) of 3 to 5 m� at 4.2 K and about 60 m� at 77 K.

XRD θ–2θ patterns of 150 nm thick YBa2Cu3Oy and
EuBa2Cu3Oy films are shown in figure 4. All reflections
(except the substrate reflex) can be assigned to the (00l)
reflections of the film material, no reflexes of other
orientations (e.g.a-axis) or of other phases are observed.
This indicates single-phase films and a growth direction
of the films with thec-axis perpendicular to the substrate
surface. Rocking curves, namelyθ scans of the (005)
reflection, had a full width at half-maximum of less than
0.4◦, indicating a high degree ofc-axis orientation.

Using the (018) reflection of YBa2Cu3Oy or
EuBa2Cu3Oy and rotating the film about the surface normal
(8 scan) we found sharp peaks with a separation of 90◦ and
a full width at half-maximum of about 6◦ indicating a high
orientation of the films in thea/b plane. A comparison
of these reflections with those of the MgO(001) substrate
((024) reflex) showed that the [100] axis of the films were
aligned parallel to the [100] axis of the substrate.

4. Conclusion

In conclusion, our results demonstrate that the two-beam
excimer-laser deposition arrangement is an effective and
convenient method for preparation of almost droplet-free
thin films. Reduction of Cu content in the targets avoids
the creation of precipitates.
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