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Interdiffusion studies on high-T, superconducting YBa,Cu;0,_; thin films with thicknesses in the range of 2000-3000 A, on a
Si(111) substrate with a buffer layer have been performed. The buffer layer consists of a 400 A thick epitaxial NiSi, layer, covered
with 1200 A of polycrystalline Zr0O,. YBa,Cu;0,_; films were prepared using laser ablation.

The YBa,Cu 30, _; films on the Si/NiSi,/ZrO, substrates are of good quality; their critical temperatures T, ,,, and T, onset have
typical values of 85 and 89 K, respectively. The critical current density j, at 77 K equaled 4 X 10* A /cm?. With X-ray diffraction
analysis (XRD), only c-axis orientation has been observed.

The interdiffusion studies, using Rutherford backscattering spectrometry (RBS) and scanning Auger microscopy (SAM) show that
the ZrO, buffer layer prevents severe Si diffusion to the YBa ,Cu,0,_; layer, the Si concentration in the ZrQO, layer must be below
the detectability limit of 1 at%, but Si diffusion along grain boundaries cannot be excluded completely. During short deposition times
(=5 min) no severe interface reactions occur. The interfaces are sharp and well defined. However, during long deposition times
(¢ > 30 min), some Cu diffuses from the YBa,Cu;0,_; layer to the interface between the ZrO, layer and the NiSi, layer. Also
indications for the formation of BaZrO; at the interface between the YBa,Cu,0,_; layer and the ZrO, layer have been found.
~Finally, Ni diffusion into the Si substrate and Ni segregation to the surface of the ZrO, layer may be expected.

"~ From the results we may conclude that, when using laser ablation, it is well possible to grow polyerystalline, c-axis-oriented

high-T superconducting YBa,Cu;0,_ thin films on a Si(111) substrate with a NiSi,/ZrO, buffer layer.

1. Introduction

Since the discovery of high-T,, superconducting
oxides [1], great efforts have been spent to fabri-
cate thin films of these materials. Especially in the
case of YBa,Cu;0,_;, many groups succeeded in
depositing high-quality thin films on various sub-
strates, using different deposition techniques [2-7].

The possible integration of high-7, supercon-
ducting and semiconducting devices on the same
silicon substrate is of great interest. However, due
to its high mobility, Si diffuses into the YBa,
Cu,0,_; layer during deposition and deteriorates

the superconducting properties considerably [8].
Also Ba can be expected to diffuse into the Si
substrate [9]. To prevent these reactions between
the Si substrate and the YBa,Cu,0,_; film, a
buffer layer can be used. However, it must be
possible to grow high-quality YBa,Cu,0,_; thin
film on this buffer layer. Experiments show that
on single-crystal yttrium-stabilized ZrO, (YSZ),
SrTiO; and MgO substrates, effects of interface
reactions can be minimized and high-quality
YBa,Cu,0,_; thin films can be grown on these
substrates [10,11]. In the literature it is also shown
that YSZ thin layers can be grown epitaxially on
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Si(100) substrates [12]. Therefore, it is of great
interest to use a Si/ZrO, structure as a substrate
for growing high-quality high-T, superconducting
YBa,Cu,;0,_; thin films. Recently, results on
YBa,Cu,0,_; thin films on Si with an epitaxial
Y SZ buffer layer have been reported [13].

Besides YSZ, also other materials may be used
in buffer layers on Si [14]. In this paper we present
results on interdiffusion studies of high-7; super-
conducting YBa,Cu,0,_; thin films on a Si sub-
strate with a buffer layer consisting of a NiSi,
layer with a ZrO, layer on top. A combination of
Rutherford backscattering spectrometry (RBS) and
scanning Auger microscopy was used to analyse
the multilayer structures. The NiSi, layer is grown
epitaxially on the Si(111) substrate and has a
thickness of about 400 A in our experiments. The
ZrQ, layer with a thickness of about 1200 A is
polycrystalline. The YBa,Cu,0,_, layers with a
typical thickness of 2000-3000 A were deposited
using laser ablation.

2. Experimental

In our interdiffusion studies we investigated
diffusion and segregation effects in the prepara-
tion of Si/NiSi,/Zr0O,/YBa,Cu,0,_; multilayer
structures and studied the composition of inter-
faces in these structures in detail, combining dif-
ferent analysis techniques.

The NiSi, /ZrO, buffer layer was prepared by
oxidizing a 530 A thick amorphous Ni 23414, layer,
that was coevaporated onto a Si(111) single crystal
in a dual electron gun evaporator. To form the
buffer layer, the substrate with the Ni,;Zr;, layer
on top was annealed in a furnace for 2 h at 500°C
in 1 X 1072 Pa O,. During this treatment a 400 A
thick epitaxial NiSi, layer on the Si(111) substrate
and a 1200 A thick polycrystalline ZrQ, top layer
were formed simultaneously, see also ref. [15].

A set of YBa,Cu;0,_; layers was deposited on
top of these buffer layers using laser ablation. The
experimental set-up is described in ref. [10]. Dur-
ing deposition of the various layers only the laser
pulse frequency was varied and, therefore, the
deposition rate. Other parameters as the substrate
temperature and O, pressure were not changed

and adjusted to 720°C and 30 Pa, respectively,
during the preparation. In this way YBa ,Cu,0,_;
layers with similar thicknesses but different de-
position times were prepared, allowing us to study
time-dependent interdiffusion processes.

We performed experiments on four samples:
(1) the virgin Si/NiSi,/ZrO, substrate and (2) a
Si/NiSi,/ZrO, substrate, treated in the laser-ab-
lation chamber. During the deposition of an

- YBa,Cu,0,_; layer, the substrate is heated. To

simulate the effects of this heat treatment a virgin
Si/NiSi, /ZrO, substrate was annealed for 30 min
at 720°C in 30 Pa O,. (3) The Si/NiSi,/ZrO,
substrate with an YBa,Cu;0,_; layer. For this
layer the laser pulse frequency was set to 10 Hz.
The deposition time was 6 min. (4) The Si/NiSi,/
ZrO, substrate, also with an YBa,Cu,0,_; layer
on top of it, but in this case the laser pulse
frequency was set to 2 Hz and the deposition time
was 35 min.

X-ray diffraction analysis (XRD) was used to
determine the structure and orientation of the
YBa,Cu;0,_; layers and superconducting prop-
erties were derived from critical temperature T,
and critical current density j, measurements.

For the interdiffusion studies, we used 2 MeV
“He* Rutherford backscattering spectrometry
(RBS) and scanning Auger microscopy (SAM).
RBS spectra were taken with a scattering angle
and a sample tilt of 170° and 7°, respectively,
and were analysed using the RUMP computer
code {16]. The results of SAM were analysed using
the ESAU program implemented on a PDP 11
computer controlling the PHI Multiprobe 600 sys-
tem [17]. The base pressure of this system is
3x107® Pa. The Auger spectra, depth profiles
and line profiles were taken using a 10 keV elec-
tron beam with a typical beam current of 0.5 pA.
For the ion etching 3.5 keV Ar* ions were used.
During calibration the Ar™ ion gun is aligned with
the electron beam, so that depth profiles are taken
at the center of the sputter crater (see fig. 1). The
sputter rate has been calibrated using a Ta,Os
layer with a thickness of 1000 /0\, grown on a Ta
substrate. Also the results of RBS measurements
have been used to determine the sputter rate of
the Ar™ ion gun. With the instrumental settings,
used for taking the Auger sputter profiles, the
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Fig. 1. Crater-edge Auger line profiling. Interfaces are stretched
and, therefore, can be studied in detail.

Adetectability limits for Si, Ni and Cu equaled 1.0
t% Si, 0.5 at% Ni and 0.5 at% Cu, respectively
[18]. For crater-edge profiling, line profiles were
recorded at the sputter crater edge along curve L
(fig. 1). Calculations show (see section 4) that the
angle between the normal to the sample surface
and the normal to the surface of the crater edge
equals = 0.06°. Therefore, interfaces are stretched
at the crater edge and can be studied in detail.

3. Results

The YBa,Cu;0,_; layers deposited on the Si
substrates with a NiSi,/ZrO, buffer layer are of
good quality. In the XRD analysis only the (00/)
reflections can be seen, showing that the films are
. cerfectly c-axis-oriented. In the measured p-T
curve of sample 4 (see fig. 2) the critical tempera-
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Fig. 2. p~T curve of YBa,Cu,0,_; layer (sample 4), de-
posited on a Si substrate with a NiSi, /ZrO, buffer layer using
laser ablation.
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Fig. 3. Auger sputter profile of the virgin buffer layer,
sample 1.

K, respectively. The critical current density j, at
77 K is 4 X 10* A /cm® measured with criterion of
a1l pV on a bridge of 10 pm width and 100 pm
length. It has to be noted that these results are
typical results: for an elaborate parameter study
we refer to ref. [10].

3.1. Interdiffusion studies using SAM and RBS

In fig. 3 the Auger sputter profile of sample 1,
the virgin Si/NiSi, /ZrO, substrate, is given. This
measurement shows sharp, well-separated elemen-
tal profiles, which are indicative of sharp and
well-defined interfaces. No diffusion of Si into the
ZrO, layer could be observed. An Auger spec-
trum, taken on the surface, revealed a small Ni
concentration of 1 at% in the top layer (thickness
<50 A). Below this top layer, no Ni could be
detected in the ZrO, layer. With RBS measure-
ments the thickness of the NiSi, and ZrO, layers
were found to be about 400 and 1200 ;\, respec-
tively. By means of RBS channeling experiments it
was found that the NiSi, layer is epitaxial with
the Si(111) substrate [15]. The ratio of the atomic
concentrations of Ni and Si equaled 0.50. The C
contamination at the surface of the buffer layer
(fig. 3) is expected to be due to transport from the
deposition chamber through the ambient to the
PHI Multiprobe 600 system.

The RBS spectrum of the treated Si/NiSi,/
ZrO, substrate (sample 2) is given in fig. 4.
Analysing it we found that the NiSi, layer had a
thickness of about 400 A and that it was slightly
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enriched with Si. The atomic ratio of Ni and Si
was found to be 0.40. These differences, when
compared with the virgin buffer layer, are due to
Ni diffusion into the Si substrate during the heat
treatment. The thickness of the ZrO, layer, was
determined as 1100 A. With Auger sputter profil-
ing no Si diffusion into the ZrO, could be de-
tected. On top of the ZrO, layer some Ni can be
observed: a small increase in the backscattered
yield at the Ni surface channel can be seen in fig.
4. An Auger survey scan showed a 3 at% Ni
concentration in the surface layer of the ZrQO,
layer. With Auger sputter profiling no Ni was
observable in the ZrO, below this surface layer
(thickness < 50 ;X).

The RBS spectrum of sample 3 is given in fig.
5. The broadening of the Ni peak at the low
energy side near channel 220 is indicative of a
little bit of Ni diffusing into the Si substrate
during deposition of the YBa,Cu,0,_; layer,
- which is confirmed by the decrease in the rising
edge of Si near channel 150. Since the yield drops
nearly to zero above channel 160 we conclude that
no severe Si diffusion into the ZrO, layer has
occurred. With Auger sputter profiling this result
was confirmed. In the ZrO, layer no Si was ob-
served. The backscattered yield near channel 240,
between the Ni and Zr peak, has increased when
compared with the virgin and the treated buffer
layer. The interface between the NiSi, and the
ZrO, layer may be degraded somewhat due to
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Fig. 4. RBS spectrum of the annealed buffer layer, sample 2.
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Fig. 5. RBS spectrum of sample 3. The laser-pulse frequency
was set 10 10 Hz and the deposition time of the YBa,Cu;0,_;
layer was 6 min.

intermixing of Ni and Zr at this interface during
deposition of the YBa,Cu,;0,_; layer. From the
trailing edge of the Ba peak near channel 300 and
the rising edge of Zr peak near channel 270, we
may exclude that severe interface reactions have
taken place at the interface between the ZrO, and
YBa,Cu;0,_; layer: no severe interdiffusion of
Ba and Zr has occurred. The thickness of the
NiSi, layer equaled 400 A, the thickness of the
ZrO, layer 1100 A and the thickness of the
YBa,Cu,0,_; layer was found to be 1900 A. As
in the case of sample 2 the NiSi, layer is slightly
enriched with Si, the atomic ratio of Ni to Si
equalling 0.40.

The Auger sputter profile and RBS spectrum of
sample 4 are shown in figs 6 and 7, respectively.
Before taking the Auger sputter profile a 1000 A
thick layer was sputtered away. The thickness of
the NiSi, layer equals 400 A. The Si profile,
especially the little shoulder near the NiSi,/ZrO,
interface may indicate a Si enrichment of the
NiSi, layer. From the Zr, Si and Ni profile we can
see that at the NiSi,/ZrO, interface some reac-
tion has taken place. The Zr, Si and Ni have
interdiffused there. Also close examination of the
Cu region data, taken during profiling, revealed
that at the NiSi,/ZrO, interface about 5 at% Cu
is present. As will be shown in section 3.2 this is
due to Cu diffusing from the YBa,Cu,0,_; layer

through the ZrO, layer. At the ZrO,/YBa,Cu,
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Fig. 6. Sputter profile of sample 4. Before taking this profile,
1000 A of the YBa,Cu 104 _g layer was sputtered away. The
laser-pulse frequency was set to 2 Hz and the deposition time
of the YBa,Cu;0,_; layer was 35 min.

O,_; interface no strong interface reactions can
be observed in the sputter profile (fig. 6).

In the RBS spectrum (fig. 7) of sample 4 we
observe an interface reaction at the NiSi,/ZrO,
interface, the backscattered yield near channel 220
between the Ni and Zr peak, has increased. As
will be shown by the results of crater-edge Auger
line profiling, this can be attributed partly to Cu
diffusing from the YBa,Cu,0,_; layer through
the ZrO, layer towards the NiSi,/ZrO, interface.
Besides this Cu diffusion, the interface has de-
graded due to interdiffusion of Zr and Ni. Finally,
we conclude that some interface reaction has taken
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Fig. 7. RBS spectrum of sample 4. The laser-pulse frequency
was set to 2 Hz and the deposition time of the YBa,Cu,0,_;
layer was 35 min.
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Fig. 8. Line profiles on crater edge in sample 3. See also fig. 1.
The laser-pulse frequency was set to 10 Hz and the deposition
time of the YBa,Cu;0,_; layer was 6 min.

place at the ZrO,/YBa,Cu,0,_; interface. This
is noticed best by a decrease in yield and a broad-
ening of the Zr peak, which is found near channel
250. Also the trailing edge of the Ba peak near
channel 280 is broadened. Most likely some
BaZrO; is formed. The NiSi, layer with a thick-
ness of 400 A was slightly enriched with Si.’ The
atomic ratio of Ni to Si was again found to be
0.40. The thicknesses of the ZrO, layer and the
YBa,Cu;0,_; layer were determined as 1100 and
2800 ;\, respectively.

3.2. Interface properties, studied by crater-edge pro-
filing

To obtain detailed information about the reac-
tions that have taken place at the interfaces, we
performed crater-edge Auger line profiling (see
fig. 1) and the results for sample 3 and 4 are given
in figs. 8 and 9.

In fig. 8 the crater-edge Auger line profiles of
sample 3 are given. According to the Ni profile, a
little Ni diffusion into the Si substrate took place.
From the Si profile, we see that no Si diffused into
the ZrO, layer. For Cu and Ba the line profiles
show that the ZrO,/YBa,Cu,0,_; interface is
sharp and well defined. No interface reactions
have taken place during the deposition of the
YBa,Cu,0,_; layer.

The Auger line profiles of sample 4 at the
crater edge are given in fig. 9. From the Ni line
profile some diffusion of Ni into the Si substrate
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Fig. 9. Line profiles on crater edge in sample 4. See also fig. 1.

The laser-pulse frequency was set to 2 Hz and the deposition

time of the YBa,Cu,0,_; layer was 35 min. Note the Cu at

the NiSi, /Zr0, interface.

may be expected. From the Si profile we see no
diffusion of Si into the ZrO, layer. From the Ba
line profile we see a well-defined interface, how-
ever, some mixing with Zr can be observed, indi-
cating the formation of BaZrO,. The Cu line pro-
file reveals a Cu deficiency in the YBa,Cu,0,_;
layer near the ZrO,/YBa,Cu;0,_; interface.
From the line profiles the thickness of this Cu-de-
ficient layer can be estimated to be 300 A. The Cu
that is missing here diffused through the ZrO,

Table 1
Summarized results of interdiffusion studies

layer towards the NiSi,/ZrO, interface, as can be
seen in the Cu line profile very clearly. For the
NiSi, layer being enriched with Si, probably some
copper silicide [19] has been formed at the
NiSi,/ZrO, interface during deposition of the
YBa,Cu,0,_; layer.

4. Discussion

XRD, measurements of the critical temperature
1. and the critical current density j, showed that
the YBa ,Cu;0,_; layers deposited on silicon sub-
strates with a buffer layer are of good quality {10].
Comparable results have been obtained by other
authors [20,21], but they used a Si/ZrO, or a
51/810,/Z10, structure as a substrate, whereas
here Si/NiSi,/Zr0,/YBa,Cu,0,_s multilayer
structures are prepared. In this structure, the ZrO,
layer is polycrystalline. With epitaxial YSZ buffer
layers on Si, results improve [13]. Our multilayer
structure has the advantage that the NiSi, may be
used for electrical contacts or as a counter elec-
trode. As can be seen from the results in section 3
the NiSi, is not well suited as a buffer layer for Si,
although it may influence the microstructural

Sample Description

Layer thicknesses

Obserx}ations using RBS, SAM and crater-

NiSi, ZrO, YBa,Cu,0, , °dgeprofiling
| A d &
1 Virgin . 400 1200 - Little Ni at surface layer of ZrO, (< 1 at%)
Si(111) /NiSi, /ZrO,
structure
2 Si(111)/NiSi, /Zr0O, 400 1140 - Ni in surface layer of ZrO, (=3 at%)
structure, annealed for Little Si enrichment of NiSi, layer:
30 min in 30 Pa O, at at%Ni/at%Si = 0.40
720°C Ni diffusion into Si substrate
3 Si(111)/ NiSi 2/ 210, /YBa,Cu 30-; s 400 1100 1900 Si enrichment of NiSi, layer:
: structure, deposition of at%Ni/at%Si=0.37
. YBa,Cu 40, _; layer took 6 min Ni diffusion into Si substrate
4 Si(111)/NiSi, /Zr0,/YBa,Cu,0,_5; 400 1070 2850 Si enrichment of NiSi, layer:

structure, deposition of
YBa,Cu;0,_; layer took 35 min

atBNi/at%Si = 0.37

Ni diffusion into Si substrate

Cu diffusion from ZrO,/YBa ,Cu,0,_;

to NiSi,/ZrO, interface

Formation of BaZrO, at Zr0O,/YBa ,Cu;0,_;
interface

R

4
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properties of the polycrystalline ZrO, buffer layer
and, therefore, increase its density. The results of
the interdiffusion studies are summarized in table
1.

The way buffer layers were prepared yields a
Si/NiSi,/ZrO, multilayer structure in which the
NiSi, and the ZrO, are well separated and in
which the interfaces are well defined. The ZrO,
layer prevents severe Si diffusion into the layer on
top of it; after preparation no Si could be ob-
served in the polycrystalline ZrO, layer with SAM
(detectability limit: 1 at% Si [18]).

In the annealed buffer layer some Ni diffused

~~nto the Si substrate. Also the Ni atomic con-
“Centration at the surface of the ZrO, layer in-
creased. In the ZrO, layer no Ni was detected
(detectability limit: 0.5 at% Ni [18]). From the
results we conclude that Ni segregated towards the
surface of the ZrO, layer during the anneal. As for
the virgin buffer layer also after the anneal no Si
in the ZrO, layer could be detected using Auger
sputter profiling. In another study [10] we showed
by Auger line profiling that in a buffer layer that
consists only of polycrystalline ZrO,, some Si
diffuses only along the grain boundaries in the
ZrO, layer. No Si could be detected in the
YBa,Cu,0,_; thin film on top of this buffer
layer. This ZrO, buffer layer was deposited using
RF-magnetron sputtering, followed by an anneal
in O, ambient at 500°C. The NiSi,/ZrO, buffer
¢ ayer presented here was prepared differently, see
“section 2. This may have influenced the density of
the ZrO, layer and the number of grain boundaries
in this layer, leading to a more dense ZrO, layer
in the Si/NiSi,/ZrO, structure.

For short deposition times (£ =5 min) of the
YBa,Cu,0,_; top layer no interface reactions
could be observed. However, for long deposition
times (7> 30 min) we found that the Ni to Si
atomic ratios decrease. These decreased atomic
ratios are averaged over the detection volume. It
may be due to some Ni diffusion into the Si
substrate. Also it is well possible that NiSi, is-
lands are embedded in Si-rich regions. We found
indications that some BaZrO, forms at the
Zr0,/YBa,Cu,0,_; interface, whereas some Cu
diffused from the YBa,Cu;0,_; layer to the
NiSi, /ZrO, interface, indicating the formation of

some copper silicide [19]. In the ZrO, layer no Cu
could be detected (detectability limit: 0.5 at% Cu
[18]). The observation of Cu diffusing through the
ZrO, buffer layer has not been reported before
and must be paid special attention when employ-
ing a deposition technique for YBa,Cu;0,_; thin
films using a small deposition rate. In order to
grow good-quality high-7, superconducting
YBa,Cu,0,_, thin films on the NiSi, /ZrO, buffer
layer, the deposition rate should be larger than 10
A /min, otherwise a non-superconducting Cu-defi-
cient film will be formed containing some BaZrQO,.

The diffusion of Cu and segregation of Ni
which are reported here are expected to take place
along the grain boundaries in the polycrystalline
ZrO, layer. The elemental compositions of the
interfaces as detected with Auger survey scans and
sputter profiling strongly depend on the composi-
tion of the grain boundaries in the layer. In the
ZrO, layer itself the intensities of Auger electrons
emitted from the elements present in the grain
boundaries, are below the detectability limit of
about 0.5 at% [18] averaged over the whole detec-
tion volume when, as in our case, the typical
diameter of the grains is large when compared to
the width of the grain boundaries. In our case the
diameter of the grains is typically 1 um and, since
reasonable critical current densities have been
achieved, the thickness of the grain boundaries is
not to be expected over a few nm. This explains
the fact that in the ZrO, layer we did not detect
Cu or Ni, although they diffused or segregated
through the layer along the grain boundaries and
still may be present there. In this way, also Si can
diffuse along the grain boundaries into the ZrO,
layer without detecting it with Auger sputter pro-
filing. The results of our interdiffusion studies
exclude severe Si diffusion into the YBa,Cu;0,_;
layer, but Si diffusion along grain boundaries can-
not be excluded completely. In this way, the criti-
cal current density j, of the YBa,Cu,0,_; thin
films is strongly dependent on the microstructural
properties of the polycrystalline ZrO, buffer layer.
Decreasing the number of grain boundaries in the
Zr0, buffer layer will greatly improve the critical
current density j. of the YBa,Cu,0,_; thin film
on top of it.

With Auger crater-edge profiling we are able to
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stretch the interfaces by about a factor of 1 X 103,
Knowing the thickness of the ZrO, layer the tan-
gent of the angle between the normal to the sam-
ple surface and the normal to the crater-edge
surface (see fig. 1) can be calculated from figs. 8
and 9 and equals =0.001. In this way very de-
tailed information about the composition of inter-
faces can be obtained, although also with this
technique the detectability limit of elements is
typically 1 at% [18].

In the Si/NiSi,/Zr0,/YBa,Cu;0,_; multi-
layer structure the NiSi, may be used for electri-
cal contacts or as a counter electrode. Also the use
of a NiSi, layer may influence the microstructural
properties of the polycrystalline ZrO, layer, lead-
ing to the formation of a buffer layer with higher
density when compared to a polycrystalline ZrO,
layer deposited on a Si substrate directly, and
therefore reducing Si diffusion to the YBa,Cu,
O, _; film. The results discussed here have been
obtained on a polycrystalline ZrO, buffer layer.
With epitaxial ZrO, buffer layers results improve
[13].

5. Conclusions

A layer of NiSi, with a thickness of 400 A,
epitaxial to a Si(111) substrate, with a polycrystal-
line ZrO, top layer with a thickness of 1200 A is
well suited as a substrate for high-7,, supercon-
ducting YBa,Cu;0,_, thin films, using laser abla-
tion as a deposition technique.

The combination of Rutherford backscattering
spectroscopy and scanning Auger microscopy
turned out to be a very valuable tool for studying
interdiffusion processes in multilayer structures,
yielding detailed insight in effects of reactions,
diffusion and segregation on the structure and
composition of the different interfaces.

Applying these techniques we saw that the ZrO,
layer stops severe Si diffusion into the YBa,Cu,
O,_; layer. Even with a detectability limit of 1
at% Si, no Si can be detected in the ZrO, layer or
the YBa,Cu,0,_; layer. However, Si diffusion
along the grain boundaries cannot be excluded
completely. For short deposition times (¢ = 5 min)
of the YBa,Cu,0,_;, layer, the interfaces in the

Si/NiSi,/Zr0,/YBa,Cu;0,_s; multilayer struc-
ture are sharp and well defined, and no severe
interdiffusion or interface reactions were ob-
served.

However, with long deposition times (z> 30
min), some Cu diffuses from the bottom of the
YBa,Cu,0,_; layer to the interface between the
ZrO, and the NiSi, layer. Also indications for the
formation of some BaZrO, at the interface be-
tween the YBa,Cu,0,_; and the ZrO, layers
have been found. Finally, Ni diffusion into the Si
substrate and Ni segregation through the ZrO,
layer to the ZrO/YBa ,Cu 0, _; interface must be
expected.
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