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Vertically well-aligned ZnO nanowire ultraviolet �UV� photodetectors were fabricated by
spin-on-glass technology on ZnO:Ga/glass templates. With 2 V applied bias, it was found that dark
current density of the fabricated device was only 2.0�10−7 A/cm2. It was also found that
UV-to-visible rejection ratio and quantum efficiency of the fabricated ZnO nanowire photodetectors
were more than 1000 and 12.6%, respectively. © 2006 American Institute of Physics.
�DOI: 10.1063/1.2360219�

In recent years, ZnO has attracted much attention for
optoelectronic applications. ZnO is a n-type semiconductor
with a large exciton binding energy of 60 meV and wide
band gap energy of 3.37 eV at room temperature.1,2 These
properties make it a potentially useful photonic material for
ultraviolet �UV� photodetectors3,4 and other optoelectronic
applications.5,6 Further, ZnO nanowires are regarded as one
of the most promising materials for nanoscale UV photode-
tector, UV laser diode, and optical switch applications.6–9

Very recently, we reported the growth of vertically well-
aligned ZnO nanowires on ZnO:Ga/glass templates by self-
catalyzed vapor-liquid-solid �VLS� method.10–13 We also
demonstrated ZnO nanowire UV photodetectors by flipping
the sample so that tips of the vertical ZnO nanowires were
contacted directly with another indium tin oxide �ITO�/glass
substrate.11 However, such a simple scheme is not suitable
for practical applications since tips of the vertical ZnO nano-
wires were contacted softly with the underneath ITO/glass.
Thus, detector response was very sensitive to vibration. For
feasible detectors, it is necessary to solidly connect electrical
contact pads to both ends of the nanowires. Previously, it has
been shown that one can either disperse the nanowires onto
precoated electrodes or use electron beam lithography to fab-
ricate electrodes on top of the nanowires.14–19 Using these
methods, Kind et al. have successfully fabricated photocon-
ductive devices with horizontal ZnO nanowires.8 In this
work, we report the fabrication of UV photodetectors using
vertical ZnO nanowires. Properties of the fabricated photo-
detectors will also be discussed.

The well-aligned vertical ZnO nanowires used in this
study were grown on ZnO:Ga/glass templates. Detailed
growth procedures could be found elsewhere.10–13 Figure 1
shows cross-sectional field emission surface electron micros-

copy �FESEM� images with 30° title angle of the as-grown
ZnO nanowires prepared on ZnO/glass template. It can be
seen clearly that high density well-aligned ZnO nanowires
with uniform length and diameter were selectively grown.10

From x-ray diffraction and photoluminescence measure-
ments, it was found that the ZnO nanowires were preferred
oriented in the �002� c-axis direction with good crystal
quality.10–13 For the fabrication of photodetectors, we coated
a thin spin-on-glass �SOG� film onto the as-grown ZnO
nanowires followed by 90 °C thermal treatment for 30 min.
Figure 2 shows top-view SEM picture of the ZnO nanowires
coated with insulating SOG. With proper spin coating condi-
tion, we can control the SOG thickness so that only sharp
tips of the ZnO nanowires were exposed.

To solidly connect electrical contact pads to the tips of
these nanowires, we thermally evaporated 200-nm-thick Au
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FIG. 1. Cross-sectional FESEM images with 30° title angle of the as-grown
ZnO nanowires prepared on ZnO/glass template.
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film through shadow mask onto the samples, as shown in
Fig. 3. Current-voltage �I-V� characteristic of the fabricated
device was then measured. Spectral responsivity measure-
ments of the fabricated photodetectors were also performed
by Jobin-Yvon Spex system with a 300 W xenon arc lamp
light source �Perkinelmer PE300BUV� and a standard syn-
chronous detection scheme measured at 300 Hz. Figure 4
shows measured dark I-V characteristics of the fabricated
device. With 1 V applied bias, it was found that dark current
density of the device was only 1.37�10−7 A/cm2. The ex-
tremely small dark current should be attributed to the highly
resistive nature of the undoped ZnO nanowires.

Figure 5 shows measured transient response of the pho-
todetector. As we turned off the UV lamp, it was found that
photocurrent decreased rapidly followed by a much slower
decrease. The slow transient can be described by a stretched-
exponential function as often reported for persistent photo-
current Ippc in crystalline semiconductors.20–22

Ippc�t� = I0�t�exp�− � tx

�
��� , �1�

where I0�t� is the current when the light excitation is re-
moved, � is a decay time constant, and � is a decay expo-
nent. Using the exponential fit, it was found that the decay
exponent � and time constant � of the nanowire photodetec-
tor were around 1 and 0.44 ms, respectively. Previously, it
has been shown that photoconduction of ZnO nanowire is
governed by desorption and adsorption of oxygen.23–25 In the
dark, oxygen molecules among the nanowires surface carried

the negative charges by capturing the free electrons from the
n-type ZnO. Thereby, it creates a depletion layer with low
conductivity near the nanowires surface. Under UV illumi-
nation, photogenerated holes oxidize the adsorbed negatively
charged oxygen species on the surface while the electrons in
the conduction band increase the conductivity.26,27 It has
been pointed out that transient response of ZnO nanowires
will also be affected by the recovery of the modified surface
chemistry.14 To fully understand these phenomena, we need
to perform more experiments, such as measurement of transit
response in different oxygen concentrations and different
temperatures. These experiments are underway and the re-
sults will be reported separately. It should be noted that the
0.44 ms time constant observed in this study was much
smaller than that reported from ZnO-based metal-oxide-
metal photodetectors.28 The increased surface area to volume
ratio of the ZnO nanowires should also provide us a large
photocurrent to dark current contrast ratio.

Figure 6 shows measured spectra response of the ZnO
nanowire photodetector biased at 1 V. It can be seen that
peak responsivity occurred at around 365 nm. Here, we de-
fine UV-to-visible rejection ratio as the responsivity mea-
sured at 365 nm divided by the responsivity measured at
425 nm. With such a definition, it was found that we
achieved a UV-to-visible rejection ratio of around 1000. We

FIG. 3. �Color online� Schematic diagram of the fabricated ZnO nanowire
photodetectors.

FIG. 4. Measured dark I-V characteristics of the fabricated device.

FIG. 5. Measured transient response of the fabricated photodetector as we
switched off the UV lamp.

FIG. 2. Top-view SEM picture of the ZnO nanowires coated with insulating
SOG.
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also calculated quantum efficiency of the photodetector from
the measured response. With an incident wavelength of
365 nm, it was found that quantum efficiency of the ZnO
nanowire UV photodetector could reach 12.6%.

In summary, vertically well-aligned ZnO nanowire UV
photodetectors were fabricated by spin-on-glass technology
on ZnO:Ga/glass templates. It was found that time constant
of the fabricated photodetectors was 0.44 ms. It was also
found that we could achieve low dark current, high UV-to-
visible rejection ratio, and high quantum efficiency from the
fabricated devices.
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FIG. 6. Measured spectra response of the ZnO nanowire photodetector bi-
ased at 1 V.
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