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1 Introduction

In the context of preparation of HTSC step-edge
devices, both pattern etching of substrates and
smooth and well-oriented thin films are required
[1]. In this work we report the results of a sys-
tematic study aimed at : 1) optimization of electri-
cal and crystallographic properties of laser-ablation
deposited YBCO thin films 2) Realization of sharp
steps on MgO substrates. In the following section
some information on the apparatus and deposition
parameters of YBCO films is first given; this is
followed by a brief discussion of results. Finally
the three different techniques used to obtain sharp
edges of good quality are presented: Ion milling,
Sputter etching and Magnetron Reactive Ion Etch-
ing (RIE). Some results are also presented and dis-
cussed.

2 Experimental

Experimental parameters have been optimized in
order to obtain highly c-oriented YBCO thin films,
with a smooth surface and a sharp resistive tran-
sition. Films have been produced by pulsed laser
ablation, using a XeCl laser with A = 308 nm,
pulse rate 4 Hz, pulse width 20 ns. Good spatial
homogeneity of the laser beam is needed to suppress
non-stoichiometric ablation; this has been achieved
by careful use of collimating slits. The size of the
laser spot on the target has been varied by means of
a focalizing lens in order to obtain an energy den-
sity ¢ = 1.5 J/cm? on the target. Targets with
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different densities and thicknesses have been used.
We observed a correlation between density and the
growth-rate of the film (having fixed ¢ and the pulse
rate of the beam). A quartz-made cylindrical oven
has been used to achieve a stable and uniform sub-
strate temperature. The deposition temperature
has been varied in the range 710 — 760 °C, in
which the films grow c-oriented; the optimum tem-
perature (giving resistive transition temperatures
Teon =920 K, T;ppy = 90.2 K for a film 100 nm
thick) varied in the interval 730 — 740 °C’; working
at lower temperatures did not change T.,, appre-
ciably, but a dramatic widening of the transition
occurs with T.op; = 82 K for a deposition tem-
perature of 710 °C'. A constant oxygen pressure
Po = 0.5 Torr was mantained in the chamber dur-
ing deposition, and a rather standard post-ablation
thermal profile has been used: decrease to 450 °C
with a 18 9C/min rate with Pp = 760 Torr, 30 min
plateau, free fall down to room temperature. Re-
sistivity curves as a function of temperature (mea-
sured with the four-lead technique) are reported in
Fig.1, for thicknesses ranging from 20 to 200 nm;
we think that the worsening of the transition for the
thin films (d < 100 nm) is related to surface dete-
rioration due to exposure to atmosphere: a 100 nm
thick sample has been protected by evaporating an
Ag layer (300 nm thick) and the resistive curve has
been compared with that of an unprotected film,
giving quantitative support to our feeling; this is
also shown in Fig.1, together with the curve taken
from the Ag-protected film one year after deposi-
tion. In Fig.2 X-ray data taken in the & — 26 geom-
etry are shown, for films with thicknesses 100 nm
and 20 nm respectively. Both films are c-oriented;
almost the same results were obtained for the re-
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maining films, with thickness ranging from 20 to
200 nme.
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Fig.1 Resistivity curves for filins of different thickness.
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Fig.2 X-ray scans for two films of different thickness: a)
100 nm. b) 20 nm.

In order to obtain the sharpest steps without signif-
icant damage of the substrate surface, we tried dif-
ferent methods: Ton Milling, Etch-sputtering, Mag-
netron RIE. In all cases a Nb mask has been used;
the substrate has been coated with a Nb layer and
exposed to optical lithography [2]. Nb has been
always removed using RIE or chemical etching

Good results have also been obtained with an Al
mask using the Etch-sputtering technique with an
Ar — 05 mixture. The substrates have been then
analysed by SEM to check the status of the sur-
face and the step slope. Best results were ob-
tained using lon milling, with respect to both the
step angle (& 70%) and reduced surface damage.
Prior to YBCO film deposition, we performed sur-
face reconstruction on each substrate, using flow-
ing Oxygen at T = 1100 °C for 24 hours. Al
ter film growth, no appreciable variation of the su-
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perconductive properties i the two substrate v
gions appeared. Good results have been also ob-
tained with Fuch-sputtering; however, a SEM aunal

ysis shows some overall damage of the eroded sar

face. Tu this casel the reconstruetion procedure did
not give good results: filins deposited on these sud-
strates show good erystallographic properties but
a somewhat widened transition © T, = 90.5 i\,
Top; =80 N for a il 100 nm thick. No difference
in the superconductive propertios on either side of
the step has been observed. Finally, steps obtained
by Magnetron RIE present a non-homogeneous sur

face crosion. Despite a careful reconstruction proce
dure, films grown on these substrates are not super
conducting; their electrical hehaviour looks rather
semiconductive,

3 Conclusions

Results of a systematic mvestigation on depose
tion parameters of laser ablated YBCO thin filims
on Mgo substrates have been reported. Using a
quartz cylindrical oven and an excimer lagser we woere
able to obtain YBC'O highly c-oriented ultra-thin
films (20 — 200nm) with good electrical properties
(T =920 N T =902 N for afilm 200 nm
thick). Good stability of wransport properties has
been achleved growing an Ag protective layver om
top of the film.
variolis erosion technigues on MgO substraies has

Finally, a comparative study of

been made; we found that good results in terms of
step slope and surface damage can be obtained by
fon Milling and also partially by Etch-sputtering,

while Magnetron RIE causes an irreversible damage
to the substrate surface with deposition of spurious
materials.
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