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A self-assembly and single-step fabrication technique of bridged nanowire photodetectors is
proposed and demonstrated. A deep ultra-violet photodetector made of S-Ga203 material is
fabricated and characterized. The bridged nanowire photodetector is made of thick-nanowire
electrode layers and suspended nanowires bridging the gap between the electrode layers. The
electrodes and the bridged nanowires are grown with the same material in a single-step chemical
vapor deposition process. The bridged nanowires make the sensitive part of the photoresistors. The
selective growth of the electrode layers is obtained by patterning gold, a catalyst for the material to
be grown, through a low-cost physical mask. The physical mask forms a pattern of two electrodes
separated by a gap of 100 microns. Growth conditions of the chemical vapor process are optimized
to form ultra-long nanowires (> 100 microns), so that some of the nanowires bridge the electrodes
and, thus, form the sensitive part of the photodetector. The advantages of the reported technique are
three-fold: the fabrication technique is efficient and cost-effective, the nanowire surfaces are free of
contamination, and the nanowire properties are not affected by the substrate. The technique was
applied to the large band-gap [-Ga203 material to realize selectivity to deep ultra-violet detection
(solar-blind). A photodetector having good spectral selectivity, fast response, low noise and low cross
sensitivity was successfully fabricated.
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FIG. 1. Schematic of (a) the conventional
pick-and-place technique and (b) the
proposed bottom-up fabrication technique
for nanowire-based devices.
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A chemical vapor deposition (CVD) system as
shown in Fig. 2 was setup for the fabrication of
F-Ga203 nanowires. Synthesis of S-Ga203
nanowires requires high temperature for the
reduction of the Ga203 powder used as the
source of Ga for the nanowire growth. CVD
pressure and oxygen flow should be accurately
controlled to obtain long nanowires of good
crystalline quality. The photodetector formed by
bridging thick electrodes with ultra-long
nanowires is obtained by first patterning gold
catalyst on a fused silicate substrate by sputtering
through a physical mask. The physical mask had
gaps between the electrodes of 100 microns, thus
the employed physical mask is a low-cost mask
readily fabricated by chemical etching. The gold
layer formed a discontinuous layer that played no
role in the carrier transport of the fabricated
device. The gold layer formed gold droplet upon
heating in the CVD process that are used as
growth nuclei for the /-Ga203 nanowires. The
electrodes shape defined by the gold patterning
have a large amount of gold and thus formed
thick electrodes of $-Ga203. Further, the growth
conditions are chosen so that ultra-long
nanowires are synthesized. Some of these
nanowires will bridge the electrodes, thus
forming the targeted structure of bridged
nanowire between electrodes. In the following,
we analyze the material properties in terms of the
crystalline phase, the optoelectronic properties
and, finally, give the characteristics of the
fabricated device.

The synthesized material was first analyzed by
X-ray diffraction and transmission electron
microscopy. It was found that the device was
made of the S-Ga203 phase and that the
nanowires grew along the c-axis of the -Ga203
phase. The X-ray diffraction pattern is shown in
Fig. 2.
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FIG. 2. X-ray diffraction pattern of the

fabricated the f-Ga203 material.

The optoelectronic property of the synthesized
materials is obtained by analyzing the room
temperature photoluminescence. As seen in Fig. 3,
the photoluminescence exhibits strong near band
edge emission at room temperature near the
wavelength of 278 nm. The room temperature
near-band-edge (excitonic) emission is strong
evidence for the synthesis of high-quality
F-Ga203 material. The band gap of the
synthesized material is estimated to be 4.5 eV
from the position of the excitonic emission peak.
This large band gap of 4.5 eV should ensure that
the bridged nanowire device should not respond
to solar light (solar-blind), that is radiation above
270 nm. Fig. 4 shows the spectral response of the
fabricated device. It was found that the device
had no response to light above 270 nm, so it can
be said that a solar blind photodetector was
obtained.
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FIG. 3. Photoluminescence spectrum taken
at room temperature of the fabricated
F-Ga203 material.

Finally, the response to deep-ultraviolet light
pulses (on-off property of the device) was
recorded. Fig. 5 shows that the fabricated device
had a very fast response (< 20 ms) and no
apparent degradation in the detector response was
observed when submitting the device to deep
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FIG. 4. Spectral response of the fabricated
photodetector.
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FIG. 5. Response to deep ultra-violet of the
photodetector.

ultraviolet radiation. It was also found that the
fabricated detector had a very small level of noise
compared to other reported devices.

The detector response was also tested under air
and argon atmosphere to estimate the effect of
interference gases such as oxygen and water
vapor. No significant change in the response was
found due to the effect of interference gases.
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