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SrTiOs dry etching 
by Ar ton be‘arn milling 

STEP 3 
Deposition of YBCO 

STEP 4 
SrTiOg wet etching 
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FIG. 2. Sequence of steps illustrating formation of YBCO air bridge. 

The superconducting properties of the YBCO were ex- 
amined to identify any possible degradation from the above 
processing steps. For the electronic transport measure- 
ments, the samples were mounted on a temperature- 
controlled copper sample platform which was inserted into 
a liquid helium dewar above the liquid helium level. Al- 
though the temperature of the copper sample platform was 
controlled by a commercial temperature controller to 
within 10 mK, the samples were open to the colder helium 
gas. Thus, if the thermal conductance of the suspended air 
bridges is sutIiciently low, the center portion of the air 
bridges should be below the temperature of the copper 
sample holder and the sample substrate. In Fig. 3 (a) we 
show the resistance vs temperature curve for an air bridge 
before the sacrificial SrTiO, was removed. For this sample, 
the YBCO air bridge was -3OO-nm thick, IO-pm wide and 
after the removal of the SrTi03 sacrificial layer the sus- 
pended portion was 50+m long. The figure shows a tran- 
sition at 87 K with a width of about 1 K. In Fig. 3(b) we 
show the resistance vs temperature for the same sample as 
in Fig. 3 (a) after removal of the SrTi03 sacrificial layer. 
As can be seen from a comparison of Figs. 3 (a) and 3 (b) , 
there was no appreciable degradation in the width of the 
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FIG. 3. Resistance vs temperature curves of YBCO microbridge (a) 
before the HF wet etch of the SrTiOl sacrificial layer (b) after the HF wet 
etch of the SrTiO, sacrificial layer. 
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FIG. 4. Current vs voltage curves of the YBCO microbridge at 77 K (a) 
before the HF wet etch of the SrTi03 sacrificial layer (b) after the HF wet 
etch of the SrTiO, sacrificial layer. 

superconducting transition by the SrTi03 removal process. 
As can also be seen by comparison of Figs. 3 (a) and 3 (b), 
the air bridge, once suspended, was cooled by the helium 
gas to about 3” below the temperature of the substrate. 
Thus its superconducting transition occurred when the 
copper sample platform and substrate were at 90 K. Since 
these photolithographically defined YBCO air bridges can 
be thermally decoupled from the underlying substrate, it 
should be possible to create monolithic YBCO bolometer 
arrays on a single substrate using standard photolithogra- 
phy techniques. 

In Fig. 4 we show 1-V curves for the air bridge shown 
in Fig. 3 when the copper sample platform was held at 77 
K. The critical current of the air bridge before it was sus- 
pended was 5 mA at 77 K [Fig. 4(a)]. This corresponds to 
a critical current density of - 1.3 x lo5 A/cm’. This re- 
duced current density may indicate that “step edge ” junc- 
tions formed at the edges of the SrTiO, sacrificial layer.* 
After the SrTi03 etch process to suspend the air bridge, the 
critical current was 3 mA while the sample platform was 
held at 77 K [Fig. 4(b)]. The SrTi03 etch which produced 
this sample was 2 min long to accommodate the etching of 
some larger structures on the same chip set. Although the 
etch rate of the YBCO is considerably slower than the etch 
rate for SrTiO, (0.004 pm/min vs 1 pm/min), the YBCO 
was reduced - 0.008 ,um in width. Since both the top and 
the underside of the air bridge are exposed to the HF so- 
lution, the YBCO was reduced 8-16 nm in thickness. Thus 
its cross-sectional area was reduced from 4 to -3.8 pm’. 
This reduction in cross-sectional area should have caused a 
reduction in critical current of -0.25 mA, from 5 to 
-4.75 mA. An examination of the air bridges using SEM 
(Fig. 1) did not show any obvious cracks or constrictions. 
The fact that the observed reduction in critical current was 
a factor of 8 larger ( -2 mA) might indicate that the 
region which produced the before-etch depressed critical 
current was more sensitive to the etching process than the 
rest of the YBCO. For example, it would not be unreason- 
able for the YBCO etch rate to be enhanced somewhat at 
the edges of the SrTiO, layer due to the large localized 
stresses. Nevertheless, Figs. 3 and 4 indicate that free- 
standing YBCO structures can be fabricated without a 
large degree of degradation in the intrinsic superconduct- 
ing properties. Techniques for suppression of the grain 
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boundary nucleation at the SrTiO, steps are presently be- 
ing studied. 

crocircuit technology. This opens the possibility for numer- 
ous HTS applications in sensors and micromachines. 

In conclusion, we have successfully fabricated the first 
YBCO air bridge thus demonstrating a suspended HTS 
microstructure capable of being exploited for future device 
avvlications. These air bridges can be fabricated on 
i:a’klOs, buffered sapphire or ?SZ.’ Although many of the 
mechanical properties of HTS oxides films are not known, 
we have shown a general approach to making suspended 
HTS structures analogous with that found in silicon mi- 
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