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Abstract

Fabrication of superconducting bilayer YBa,Cu30; _ 5 (YBCO) thin film structure by Si ion implantation and properties of microbridge
patterned on that are presented. YBCO thin film of 150 nm thickness was grown on single crystal (100) SrTiO; substrate by inverted
cylindrical magnetron sputtering. The sample was implanted with 100 keV, 1 x 10'¢ Si ions/cm®. Upon implantation with Si, the sample lost
its electrical conductivity and diamagnetism while its crystalline structure was preserved after the annealing of the sample. The implanted
ions do not alter the overall crystal structure of high temperature superconductor film. This allows the growth of epitaxial superconducting
second layer YBCO film on top of the implanted area without using any buffer layer, thus providing an effective method of fabricating
multilayer structures. The second layer film and the microbridge patterned by laser writing technique, showed the superconducting properties

similar to those of pure YBCO base layer with a reduced critical current density.
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1. Introduction

The Josephson junctions are the basic structure elements
of the devices used in superconducting electronics and the
superconducting quantum interference devices (SQUID).
There have been great amounts of research studies on
fabrication of superconducting devices using high-7, oxide
superconducting thin films. The most widely used material
is YBa,Cu30; _ 5 (YBCO) thin films, which are deposited
in monolayer forms on various substrates. Fabrication of
devices constructed vertically on a substrate with multilayer
processing is highly desirable. This, however, presents a
challenge to be overcome due to interlayer diffusion prob-
lem that does not allow the layers electrically be insulated
from each other. Since epitaxial growth of superconducting
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YBCO layer is essential for the device fabrication, suitable
buffer layers are usually needed between superconducting
YBCO layers for circumventing the interdiffusion problem
while keeping the epitaxy of the top layer [1—-4].

Ion implantation has widely been used in the semicon-
ductor technology in the last few decades for doping and
modifying the semiconductor layers. In high temperature
superconducting materials, ion implantation technique has
been employed for the processing of oxide thin films
suitable for the fabrication of superconducting devices [5].
The improvement in the current density and crystallinity of
YBCO with O ion implantation was studied by Non et al.
[6], Lia et al. has studied the superconductivity of YBCO
via C" implantation [7], patterning of YBCO thin films by
O" ion implantation was studied by Kuhn et al. [8], the
study of ion implantation and mass transport in YBCO were
made by Kilner et al. [9]. In ion implantation, accelerated
ions create point defects, which cause significant changes in
superconducting properties of YBCO layers depending on
the dose of the implanted ion and energy. In this work, we
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Fig. 1. Reduced resistance—temperature measurements of the pure, Si ion
implanted — annealed and second layer YBCO samples.

have looked for obtaining Josephson junctions by making
microbridges on YBCO multilayer structures which are
interfaced across a Si-ion implanted top layer formed on
the base layer over deposited onto MgO-substrates, expect-
ing to eliminate buffering with various materials. The results
obtained were found satisfying our expectations, and en-
couraging to take further steps in making superconducting
devices by employing this method.

2. Experimental details

The epitaxial YBa,Cu307 _ 5 thin film was deposited ‘in
situ’ by using DC inverted cylindrical magnetron sputtering
(ICMS) technique on (10 X 10 x 0.5 mm)-sized (100)
SrTiO;3 substrate. This sputtering method is an effective
technique for reproducibility of the good quality films [10].
The sputtering system was commercially purchased from
Hitec-Materials having the high purity of YBCO target. The
target—substrate distance was optimized at 35 mm, substrate
temperature was 830 °C and the plasma power was 40 W.
The film thickness was typically approximately 150 nm and
the crystalline structure was fully c-axis oriented in accor-
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Fig. 2. AC magnetic susceptibility measurements of the pure and Si ion
implanted — annealed YBCO samples.
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Fig. 3. XRD patterns of the samples, (a) pure YBCO and (b) Si ion
implanted — annealed YBCO.

dance with a full width half maximum (FWHM) value of the
rocking curve of (005) peak <0.23°. The critical temper-
ature T, of the sample was approximately 91 K with very
sharp transition and the resistively measured critical current
density J, was approximately 1.48 x 10° A/em? at 77 K
with zero magnetic field.

This film was implanted with an energy of 100 keV,
1 x10'® Si-ions/cm® at room temperature. Beam current
density was approximately 0.3 pA/cm?. The ion distribution
was estimated by the computer simulation program TRIM,
which is realistic with respect to the experiment [11]. The
result of TRIM calculation is shown in Fig. 4. Due to the
low diffusion coefficient, Si distribution is expected to
remain unchanged during the subsequent annealing and
epitaxial growth processes.

The implanted sample was annealed in oxygen for 45
min starting from room temperature to the YBCO growth
temperature of 830 °C. The annealed sample was analyzed
by measuring its resistance, AC magnetic susceptibility, X-
ray diffraction (XRD), scanning electron microscopy (SEM)
and energy dispersive X-ray (EDX). The implanted and
annealed sample was used for the growth of second layer
YBCO film on top of the implanted area by ICMS on the
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Fig. 4. TRIM profile of the Si ion implantation into the YBCO thin film.
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Fig. 5. I-V measurements of the pure and second layer laser patterned
YBCO microbridge at 77 K.

same sputtering conditions with the first layer. The obtained
YBCO multilayer film structure was patterned by ‘laser
writing technique’ [12]. This technique was used to make a
microbridge using a commercial solid state laser system
which has computer controlled X—7Y translation stage. The
film was patterned by focused laser beam to give a form
approximately 20 pm wide microbridge at the center of the
sample. The critical current density of YBCO multilayer-
structured microbridge was investigated by current—voltage
measurement at 77 K.

3. Results and discussion

In this study, we report on the Si ion implantation into the
superconducting YBCO thin film and growth of second

layer film on top of the implanted area. This study also
reports the superconducting properties of laser patterned
microbridge onto the second layer film. The second layer
film and the microbridge patterned on that by laser writing
technique, showed the superconducting properties similar to
those of pure YBCO base layer with a reduced critical
current density of approximately 42%.

To investigate the superconducting properties of the
sputtered YBCO film, electrical, magnetic, and structural
measurements were performed by R-T, AC complex sus-
ceptibility, and XRD, respectively. The sample has showed
very sharp transition at temperature approximately 91 K,
with a transition width of AT<0.5 K as shown in Fig. 1. Real
(¥ ) and imaginary (' ) parts of the AC magnetic suscep-
tibility response for an applied magnetic field are depicted in
Fig. 2. The sharpness of the transitions seen in those figures
indicates to the quality and the strong diamagnetic property
of the film. XRD result of the pure YBCO film is shown in
Fig. 3, curve a. The full width at half maximum (FWHM)
value measured from the rocking curve on the YBCO (005)
peak is 0.23°. This indicates a highly c-axis oriented film.

Prepared and analyzed film was implanted with an
energy of 100 keV, 1 x 10'® Si-ions/cm? at room tempera-
ture without a mask and subsequently annealed in oxygen
atmosphere for 45 min to recover the depleted oxygen and
crystal defects in the structure. As can be seen from Fig. 4,
the ion implantation created a defected layer with a thick-
ness of 200 nm. Some of these defects are expected to be
repaired after the annealing process. To investigate the
electrical and structural properties of the implanted YBCO
film, R-T and XRD measurements were performed. Fig. 1
shows the resistance—temperature, (R-T), behavior of the
implanted — annealed sample. It is seen that the resistance

Fig. 6. SEM image of the laser patterned-second layer YBCO microbridge.
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Fig. 7. EDX analysis of the samples, (a) pure YBCO and (b) Si ion
implanted — annealed YBCO.

of the sample begins to decrease from 90 K down to 47 K
and at lower temperatures below 47 K. The resistance
remains almost constant at the value of 530 (). This
decrease in resistance at 90 K results from the un-implanted
lower part of the YBCO film. Fig. 2 shows the non-
diamagnetic behavior in accordance with the AC suscepti-
bility measurement of the implanted — annealed sample.
Fig. 3, curve b shows the XRD patterns of the implanted —
annealed YBCO thin film. Fig. 3, curve a and b show that
the crystal structure of Si ion implanted YBCO is similar to
that of the pure sample. The FWHM value measured from
the rocking curve on the YBCO (005) peak is 0.29°, which
indicates the c-axis orientation is unchanged. This suggests
that the Si ion implantation has no significant effect on the
YBCO crystal structure.

After the annealing of the implanted sample, second layer
YBCO thin film was sputtered directly on top of the
implanted area. Fig. 1 shows the superconducting transition
in resistance of the second layer YBCO film at the temper-
ature approximately 90 K having small tail around 7. /-V
characteristic of the laser patterned microbridge on the
second layer film shows the critical current density, J., of
0.62 x 10° A/em? at 77 K (Fig. 5, curve b). These 7, and J,
values of the second layer film and the microbridge show that
the high-T7; superconducting multilayer YBCO thin film
structure can be directly grown on top of the implanted area
in good quality without using any buffer layer. Fig. 6 shows
the SEM image of the laser written second layer YBCO
microbridge where the edges of the geometry are sharp
enough to calculate the width of the bridge from the center
of'the strip line ( = 20 um) and the surface of the second layer
film is smooth. Fig. 7 shows the EDX analysis of the pure and
Si-implanted YBCO films. The epitaxial growth of multilay-
er thin film structures as ‘sandwich type’ requires some
modifications at the interfaces between the layers. A suitable
buffer layer for this purpose has been commonly employed
by the researchers. In Si ion implantation technique that we
used, the second layer YBCO thin film has been directly

grown on top of the implanted area of the first layer having
similar superconducting properties with the pure YBCO. This
technique, we believe, is an effective way for the fabrication
of multilayer superconducting structures for making the
building blocks of the superconducting electronic devices.

4. Conclusion

We have presented the fabrication of bilayer supercon-
ducting YBCO thin film by Si ion implantation and micro-
bridge on this multilayer structure. The implanted film
completely lost its superconductivity and diamagnetism
while its crystalline structure was the same with that of
the pure YBCO. This allows the growth of second layer
superconducting YBCO film on top of the implanted area in
good quality. This was supported by 7, of 90 K, high-J,
approximately 10° A/cm® at 77 K, and highly c-axis
orientation. In conclusion, Si ion implantation technique is
an effective way to build epitaxial bilayer YBCO thin film
structure. With the employment of the passivation of the Si-
implanted layers for improving the interface properties and
reducing the Si-diffusion in the layers, this technique could
be extended into a multilayer process for the Josephson
junction based electronic device production.
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