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Patterning of Y-Ba-Cu-0 thin films by reactive ion etching (RIE)
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Abstract We have fabricated Y-Ba-Cu-O superconducting thin films by in-situ on-axis rf magnetron
sputtering method using Y,Ba, :Cu, ;O, nonstoichiometric target. Reactive ion etching (RIE) method was
used in patterning the films. We have investigated the properties of patterned films, and compared the
properties of the films before and after patterning. As the line width of the pattern decreases from 5xm
to 2um, a slight but not significant degradation in superconducting properties of the patterned films is
observed. The bridge patterns are found to have clean edges and good electrical properties enough to be
applied in device applications. From the result of this research, the possibility of submicron patterning by

RIE is confirmed.
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Table 1. Sputtering conditions for preparation
of Y-Ba~Cu-O thin films.

Y ,Ba, «Cu, -0,
LaAlO;(100)

Single Crystal
SubstrateTemperature | 750°C

Ar+0O(Ar 1 0,=8 : 2)

Target Composition
Substrate

Sputtering Gas

Base Pressure 1077 Torr
Working Pressure 180 mTorr
RF Power 80 watt
Growth Rate -17 A/min

2.2 diatol DM HIZ

Y-Ba-Cu-O ®lute] vlA A ® 2 gA= A
A #reke]l PR(photoresist) w7, PR, npx
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Fig. 1. Schematic diagram of RIE system.
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Table 2. Typical RIE conditions for patterning
of Y-Ba-Cu-O thin films of 0.4um thickness.

» RF power density 3~5 watt/cm?

* RF Frequency 13.65 MHz

» Chamber Pressure ~65 mTorr

» Gas Composition SFe¢ . Ar=5:.2
« Total Gas Flow ~5 SCCM

» Cathode Diameter 50mm

» Etching Time ~2min
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Fig. 2. Schematic presentation of thin bridge pat-

tern with Ag electrodes.
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Fig. 3. Properties of Y-Ba-Cu-O thin film pre-
pared by in-situ rf magnetron sputtering; (a)
Resistance-temperature characteristics and (b) X-

ray diffraction pattern.
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Fig. 4. Optical micrographs of twin bridges with
different line widths patterned on Y~Ba-Cu-0 thin
films: Linewidth is (a) 2um, (b) 3um, and (c¢) 44m.
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Fig. 5. Resistance-temperature characteristics of
linewidth; (a)
unpatterened, (b) 5um, (¢) 4um (d) 3um, (e) 2um.
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Fig. 6. Resistance-temperature characteristics of
patterned film near transition region with various
linewidth;
(d) 3um, (e) 2um.

(a) unpatterened, (b) 5xm, (c) 4um
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Fig. 7. Temperature dependence of critical current
density of patterned films with various linewidth;
(a) 2um, (b) 3um, (¢) 4pm (d) Sem.
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Fig. 8. Variation of transition width and current
density with the line width.
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