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Ultraviolet �UV� photodetectors based on ternary Zn2GeO4 nanowire �NW� networks are
demonstrated. The devices show fast response and recovery time, which is attributed to the unique
NW-NW junction barrier dominated conductance for network devices. The UV-light induced barrier
height modulation is much faster than the oxygen adsorption/desorption processes. The wide-band
gap Zn2GeO4 NWs also exhibit high wavelength selectivity for deep UV detection. We demonstrate
that ternary oxide NW-networks are ideal building blocks for nanoscale photodetectors with
superior performance and facile fabrication processes. © 2010 American Institute of Physics.
�doi:10.1063/1.3297905�

Wide-bandgap semiconductor NWs have been widely
used as building blocks for nanoscale UV photodetectors.1–3

Compared with their bulk or thin film counterparts, the nano-
structures are expected to exhibit high photosensitivity due
to their high surface-to-volume ratios. To date, extensive re-
search has been carried out into binary wide-bandgap mate-
rials for UV detection, such as ZnO,3 SnO2,2 ZnS,4 and
GaN.5 However, much less attention has been paid to more
complex materials �such as ternary oxides�, probably due
to the difficulty in obtaining high quality ternary NWs.6,7

Especially, no optoelectronic property study of Zn2GeO4
NWs has been reported. Ternary oxide NWs are chemically
and thermally stable, and are superior for deep UV detection
due to their larger bandgap and hence higher wavelength
selectivity. For example, ZnO �Eg=3.4 eV� responses to
the whole UV band ��200–400 nm�, but Zn2GeO4 �Eg

=4.68 eV� is expected to be UV-A/B ��290–400 nm�
blind and only responsive to UV-C band ��200–290 nm�.4

For their potential applications, fast response and recovery
time is of great importance but very limited studies have
been devoted on the improvement of response and recovery
time.8

In this letter, we demonstrate the optoelectronic property
studies of Zn2GeO4 NW network UV photodetectors. Instead
of individual NW, the networks are of interest for photode-
tector fabrication since they yield sufficiently good or even
better device performances but only require facile and low-
cost lithography techniques.9,10 Fast response and recovery
time within 1 s was observed for all the devices, and this is
attributed to the unique NW-NW junction barrier dominated
resistance for network devices, which is not available for
single-NW devices. Wavelength selectivity was also demon-
strated using 254 and 365 nm UV light.

The Zn2GeO4 NWs were synthesized via Au-catalyzed
vapor-liquid-solid �VLS� mechanism as reported earlier.11

Mixed ZnO, GeO2 and carbon powder �molar ratio 2:1:3�
was used as source materials and evaporated at 1000 °C for
60 min. The pressure of Ar gas was kept �2 mbar during
heating. Si �100� substrates coated with Au thin film �9 nm�

were located at 500–400 °C to collect the NWs. For device
fabrication, standard optical-lithography followed by Cr/Au
�10/50 nm� deposition and liftoff was used to define the con-
tact electrodes. The Zn2GeO4 NWs were suspended in etha-
nol by sonication ��10 s� and then dispersed on top of the
electrodes. UV photoresponse of the devices was character-
ized by Keithley semiconductor parameter analyzer using a
portable UV lamp �254 and 365 nm�. All the measurements
were performed at room temperature in ambient conditions.

Morphology and crystal structure of the as-grown
Zn2GeO4 NWs are shown in Fig. 1. A typical top-view scan-
ning electron microscopy �SEM� image of the NWs is shown
in Fig. 1�a�. The diameters of the NWs are in the range of
10–80 nm, with lengths up to tens of micrometers. All the
NWs are single-crystalline, as confirmed by the high-
resolution transmission electron microscopy �HRTEM� result
shown in Fig. 1�a� inset. X-ray diffraction �XRD� pattern of

a�Author to whom correspondence should be addressed. Electronic mail:
pslee@ntu.edu.sg.

FIG. 1. �Color online� �a� SEM and �b� XRD pattern of the Zn2GeO4 NWs
grown via Au-catalyzed VLS method. Inset in �a� is HRTEM image of the
NW showing the single-crystalline structure. XRD results showed a pure
phase of Zn2GeO4.
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the NWs is shown in Fig. 1�b�. All the peaks can be readily
indexed to the rhombohedral Zn2GeO4 crystal phase. Al-
though impurity phases were usually detected in the vapor
phase deposition of ternary oxide NWs,7,12 no impurity
phases such as Ge, ZnO, or GeO2 were detected in our
samples �via a controlled ZnO/GeO2 molar ratio in the
source materials�.11 The high purity Zn2GeO4 NWs eliminate
the concern that the UV photoresponse may originate from
the impurities, such as Ge or ZnO NWs. In contrast to the
previously reported short and agglomerated Zn2GeO4 nano-
rods obtained by hydrothermal method,13 much longer
Zn2GeO4 NWs can be readily obtained by VLS growth
method. The lengths are time-dependent and typically exceed
10 �m for a growth period of 60 min. The high aspect ratio
facilitates the photodetector fabrication by connecting the
electrodes or forming interconnected NW networks.

The metal-semiconductor-metal photodetector structure
is depicted in Fig. 2�a�. The Zn2GeO4 NW networks are dis-
persed between the prepatterned Cr/Au electrodes. I-V char-
acteristics of the photodetectors measured in dark and under
0.2 mW /cm2, 254 nm UV illumination are depicted in Fig.
2�b�. The I-V curves were measured with bias from �20 to
20 V at room temperature in ambient condition. For a fixed
bias of 20 V, the current of the NW network increases from
0.09 nA �black square� to 0.35 nA �red circle� when the UV
light is turned on. The quasilinear curves indicate that the
contact resistance does not contribute significantly when
compared with the resistance of the NW network, which is
expected to be highly resistant due to the large bandgap �thus
extremely low carrier density� and NW-NW junction barriers
�details will be discussed below�.7,14

The photoresponse behavior of the device was character-
ized by measuring the current as a function of time when the
254 nm UV light was periodically turned on and off, as
shown in Fig. 3�a�. The measurement bias was fixed at 20 V
with UV light intensity at �0.2 mW /cm2. A fully reversible
switching behavior was observed. The current increased
from �0.02 to 0.2 nA upon UV illumination, which is an

enhancement of about tenfold. It is worth noting that the
Zn2GeO4 NW photodetector exhibited fast response and re-
covery times within 1 s. An enlarged view of a typical on/off
cycle is shown in Fig. 3�b�. The measured response and re-
covery time are 0.3 and 0.2 s, respectively. Similar fast re-
sponse and reset times ��1 s� were observed for all the
devices �15 devices measured�.

The wavelength selectivity of the Zn2GeO4 network de-
vices in UV spectrum was demonstrated using the available
254 and 365 nm UV light. The photoresponse characteristics
are shown in Fig. 4�a�. The current shows no observable
change upon 365 nm UV illumination �black curve�, in con-
trast to the abrupt increase when exposed to 254 nm UV light

FIG. 2. �Color online� �a� Schematic diagram of the UV photodetector using
Zn2GeO4 NW networks. �b� I-V characteristics of the device in dark �black
square� and upon 0.2 mW /cm2 �red circle� 254 nm UV illumination. Inset
is a typical SEM image of the NW network between electrodes. Scale bar is
5 �m.

FIG. 3. �Color online� �a� Photoresponse characteristics showing the revers-
ible switching behavior when the 0.2 mW /cm2 254 nm UV light is turned
on and off repeatedly. �b� Enlarged view of a single on/off cycle showing the
fast response and reset time within 1 s.

FIG. 4. �Color online� �a� Photoresponse behavior of the device under UV
illumination of 254 nm �red line� and 365 nm �black line�. �b� Schematic of
the carrier generation and NW-NW junction barrier for electron transfer in
the network device.
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�red curve�. The photon energies of 254 nm UV light �4.88
eV� are high enough to generate electron-hole pairs �h�
→e−+h+� in the Zn2GeO4 NWs �Eg=4.68 eV�. However,
the increase in carrier density is negligible when exposed
to 365 nm UV light with subbandgap photon energies of
3.4 eV and no current increase can be observed �Fig. 4�a��.
This observation reveals that the Zn2GeO4 NWs exhibit high
wavelength selectivity in the UV-C region, when compared
with those extensively investigated binary oxides, such as
ZnO and SnO2.2,3

Schematic diagram depicting the carrier generation and
transportation processes in the network devices are shown in
Fig. 4�b�. The UV response and recovery are known to be
associated with the oxygen adsorption and desorption
processes.1–3,8 In ambient conditions, oxygen molecules
would adsorb on the NW surface by capturing free electrons
through O2�g�+e−→O2

−�ad�, creating a surface depletion
layer with low conductivity �Fig. 4�b��. Carrier density in the
NWs increases significantly when illuminated with above-
bandgap UV light, by directly exciting electrons from the
valence band to conduction band. Adsorbed oxygen ions
would be discharged by the photon-generated holes through
O2

−�ad�+h+→O2�g�, resulting in a reduction in the depletion
barrier thickness. Both the increase in carrier density and
oxygen desorption contributes to the conductance increase in
the NW networks.

For network devices, there is an additional conducting
mechanism that is not available in single NW devices. Pre-
viously, it has been shown that the resistance of two crossed
NWs was dominated by the NW-NW junction barrier, in-
stead of the resistances of the NW themselves.14,15 In our
Zn2GeO4 NW network photodetectors, the electrons have to
overcome the NW-NW junction barrier when tunneling from
one NW to another �Fig. 4�b��. The electron-transfer barrier
originates from the surface depletion layers. As discussed
above, the depletion layer can be narrowed by UV illumina-
tion due to the increased carrier density, which is equivalent
to a lowering of the effective barrier height. It is thus easier
for electrons to go through the networks upon UV illumina-
tion and therefore resulting in the increase of current �Fig. 3�.

In contrast to the previously reported slow response and
recovery time,3,8,16,17 the fast recovery time ��1 s� for our
Zn2GeO4 NW photodetectors can be attributed to the
NW-NW junction barrier dominated conductance. Typically,
the NW conductance is still higher than its initial value
within a short period upon turning off the UV light, since the
oxygen diffusion and readsorption to deplete the NW chan-
nel is a slow process.8,16,17 If the device resistance is domi-
nated by the NW resistance itself �Ohmic contact�, a slow
current decay to its initial value would be observed. For the
NW network structures, the resistance is dominated by the
NW-NW junction barriers. The depletion barrier can be
treated as two back-to-back Schottky barriers. When the UV
light is turned off, the electron-hole recombination would
result in a quick increase in the effective barrier height due to
the greatly reduced carrier density. The dominate role of the
junction barrier would lead to a current decay almost ap-
proaching its initial value within a short period ��1 s for
our devices�. The light induced barrier height modulation is

typically much faster than the oxygen diffusion process �on
the order of several minutes or hours�. For example, it was
shown previously that the photocurrent response time for
bulk Au-CdS Schottky barrier was typically below 1 s.18

Very recently, it was also reported that the recovery time of
ZnO NW UV-sensors could be improved by focus-ion-beam
deposited contacts with Schottky barrier.8 In this letter, we
suggest that the response and recovery time can be enhanced
by using NW networks with NW-NW barrier dominated con-
ductance. No intense and expensive lithography processes
are required and the single optical-lithography step also al-
lows potential large-scale device fabrication.

In conclusion, we have shown that wide-bandgap
Zn2GeO4 NWs can be used as efficient UV photodetectors.
The network devices showed fast response and recovery time
within 1 s, which can be attributed to the NW-NW junction
barrier dominant conductance. The large bandgap �4.68 eV�
also makes them potential candidates for UV-C detection
with high wavelength selectivity. The network-enabled fast
response and recovery time as well as facile fabrication pro-
cesses can be readily extended to other metal oxide nanoma-
terials.
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