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ABSTRACT: An Ag/ZnO microrod/Ag ultraviolet photodetector is fabricated, the
ZnO microrod shows a hexagonal whispering gallery cavity structure. Upon a 325
nm ultraviolet illumination, the device shows a high sensitivity of 4 × 104 A/W and
a high photocurrent gain of 1.5 × 105 at 5 V bias. Under different illumination
power P, the photocurrent Ilight obeys a power law relation Ilight ∝ P0.69. The high
performance is probably attributed to a Schottky barrier at Ag/ZnO interface and
optical whispering gallery mode effect in the ZnO microrod.
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1. INTRODUCTION

ZnO, as a wide direct band gap semiconductor material with a
large exciton binding energy, has been widely investigated for
its potential applications in short wavelength optoelectronic
devices, such as ultraviolet photodetector, microlasers and light-
emitting diodes. In 2002, Kind et al. first reported photo-
response of a single ZnO nanowire photodetector.1 From then
on, ZnO micro/nanostructures attracted considerable attention
for their better optoelectronic performance than the bulk
material.2−16 Because of the large surface-to-volume ratio of the
active area, one dimensional ZnO micro/nanostructures are
expected as the most promising candidates for photodetectors.3

Recently many efforts have been dedicated to improving the
photocurrent gain and response speed of the ZnO photo-
detector. Researchers found that the Schottky photodetector
have higher photocurrent gain and faster response speed than
the Ohmic photodetector due to the high electric field and
short transit time in the reverse biased Schottky barrier.17−22

Cheng et al. reported a ZnO nanowire UV photodetector with
two-dimensional Schottky barrier, which presented a high
sensitivity of 2.6×103 A/W and a high photocurrent gain of 8.5
× 103 under UV illumination with power density 7.4 mW/cm2.4

On the other hand, researchers also found that optical resonant
cavity effect can improve the UV response of ZnO photo-
detector,24 and the multireflection in ZnO microstructure can
further effectively increase the photocurrent.25,26 Compared
with ZnO nanowire, ZnO microrod (MR) shows a much larger
diameter, when the ZnO microrod contacts with Ag electrode,
a 2D Schottky barrier can be formed. In addition, ZnO
microrod with hexagonal cross-section can strongly confine the
light inside and enhance the interaction between the light and
the ZnO material based on the whispering gallery mode

microcavity effect,27−30 so it is possibe that the ZnO microrod
photodector can present good UV photoresponse ability.
In this paper, we fabricate an Ag/ZnO microrod (MR) /Ag

structured photodetector. The UV photoresponse result shows
that the device has a good UV response sensitivity and good
reproducibility. Under the 325 nm UV illumination with power
density of 24 mW/cm2, the device shows a high UV on/off
photocurrent ratio and a high photocurrent gain of 1.5 × 105,
which is attributed optical whispering gallery mode effect in the
ZnO microrod. The microphotoluminescence is employed to
confirm the whispering gallery mode effect in the ZnO
microrod. In addition, the photocurrent Ilight of the device
obeys a power law relation with the illumination power density
P: Ilight ∝ P0.69.

2. EXPERIMENTAL METHODS

A simple vapor phase transport method was employed to
fabricate the ZnO microrods.26 Figure 1 shows the photo-
luminescence of the ZnO microrods excited by Xe lamp at 325
nm, the spectrum shows a typical near band edge exciton
recombination emission band at 390 nm. The upper inset of
Figure 1 is a SEM image of a typical ZnO microrod (MR) with
hexagonal cross section, which has a diameter of 6 μm. The Ag
electrodes of the photodetector was fabricated on a clean quartz
substrate by radio frequency magnetic sputtering, the chamber
pressure is fixed at 2.5 Pa, the Ar flow is 50 sccm, the sputtering
power is 80 W, and the sputtering procedure was lasted for 20
mins. The spacing of the Ag electrodes is 20 μm. After the Ag
electrodes are fabricated, an individual ZnO microrod was
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transferred to the Ag electrodes to form a MSM structured
photodetector. The microscopy image of the ZnO microrod
ultraviolet photodetector device is shown as the lower inset of
Figure 1. The I−V characteristics and photocurrent of the
photodetector are measured by Keithley 4200. The the
photocurrent is measured when the device is illuminated by a
325 nm laser.

3. RESULTS AND DISCUSSION
The microscopy image of the ZnO microrod ultraviolet
photodetector device is shown as the lower inset of Figure 1.
Figure 2a demonstrates the I−V results at dark and under UV
illumination of 24 mW/cm2, respectively. The current increases
nonlinearly with the applied voltage, which may indicate that a
Schottky barrier (SB) exists at the interfaces between the ZnO
microrod and the Ag electrodes.21−23 It can be found in Figure
2a that the dark current is only 5.0 × 10−11 A at 5 V bias. Under
the UV illumination 24 mW/cm2, the photocurrent Ilight is
dramatically increased to about 4.5 × 10−5 A, the ratio of Ilight to
Idark is 9 × 105. Photocurrent gain G can be expressed as4,6,7
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Where q is elementary charge and ν is the frequency of the
absorbed photon. S = Iph/Popt is the photocurrent sensitivity,
and Iph = Ilight − Idark. For the photodetector at 5 V bias, S and G
are calculated as 4 × 104 A/W and 1.5 × 105, respectively.
Figure 2(b) shows the time-resolved photocurrent at 5 V bias
with multiple UV on/off cycles, in which both turn-on time and
turn-off time of UV light are 100 s. Five cycles of photocurrent
switching demonstrate a response reproducibility of the ZnO
microrod photodetector. Figure 2c shows the photocurrent rise
process under UV illumination, the photocurrent reaches a
steady value after about 20 s, the rise process can be fitted by a
exponential function14

= − τ−I I e(1 )t
0
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Where I0 is the steady state photocurrent and τr = 6.28 s is time
constant for photocurrent rise, which is much shorter than the
ZnO photodetectors with Ohmic contact.2 Usually, the Ohimc
photodetector has a photocurrent rise process about several
tens and even longer time, here the short rise process is
attributed to the Schottky contact between the ZnO microrod
and Ag electrod. The inset of Figure 2c shows the photocurrent
decay process after UV light turn-off, the photocurrent recovery

process can also be fitted by an exponential expression I =
Ilightexp(−t/τd),

4 τd is the recovery time constant when the
photocurrent decreases to its 1/e, the fitting result indicates a
value of 0.85 s for τd. The recovery process is also much faster
than those ZnO UV photodetectors with Ohmic contact.10,11

Table 1 summarizes photocurrent and UV on−off ratio for

Figure 1. PL spectrum of the ZnO microrods. The upper inset shows a
ZnO microrod with typical hexagonal cross-section. The lower inset
shows the microscopy image of the ultraviolet photodetector device.

Figure 2. (a) I−V curves for the photodetector device at dark and UV
illumination, respectively. (b) Time-resolved photocurrent of the
photodetector in response to 5 times of UV on/off. (c) Photocurrent
rise process as the UV light is illuminated on the device, and the inset
shows the magnification of a photocurrent decay process.

Table 1. Comparison of the Photocurrent and UV on−off
Ratio for ZnO Photodetectors in This Work and Previous
Reports

photodetector photocurrent (A) UV on−off ratio ref

ZnO nanowire 1 × 10−8 1 × 103 1
ZnO nanowire 4 × 10−7 1 × 102 2
ZnO nanowire ∼1 × 10−4 1 × 105 3
ZnO nanowire 1 × 10−7 4 × 105 4
ZnO nanowire 6×10‑6 A 8×102 5
ZnO nanowire 1 × 10−5 A 1 × 104 present work
ZnO microrod 4.5×10‑5A 9×105 present work
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ZnO nanowire photodetector reported in previous refer-
ence.1−5 Compared with the ZnO nanowire photodetectors,
the ZnO microrod photodetector in present work shows much
higher photocurrent and UV on−off photocurrent ratio.
Figure 3a shows the I−V curves of the ZnO nanorod

photodetector at dark condition and under the 325 nm UV

illumination with power density of 24 mW/cm2, the device
shows a UV on/off photocurrent ratio of ∼104, which is much
smaller than that of the ZnO microrod photodector. The high
photocurrent gain of the ZnO microrod photodetector may be
related to two main factors. Firstly, the photogenerated
electron-hole pair near the ZnO microrod/Ag interface is
separated by the local electric field at the Schottky barrier
region, which results in an increase of free carrier density. For
the photogenerated holes near the Schottky barrier interface,
some of the holes can tunnel through the Schottky interface,
some others are adsorbed at the SB interface, which can reduce
the height and the width of the SB barrier.4 The reduction of
SB height results in an exponential increase of tunnel current of
the device,4,5 so a high photocurrent can be reached for the
Schottky photodetector. Secondly, the optical resonant cavity
structure can have a positive effect on the device performance.
The ZnO microrod with hexagonal cross section has a typical
whispering gallery mode microcavity structure, the light can be
totally internal reflected on the inner wall and form a hexagonal
closed optical loop, as a result, the incident light can be highly
confined in the ZnO microrod.27−30 The optical WGM cavity
effect can effectively enhance the interaction between the UV
light and the ZnO microrod, so we suggest that the high
photocurrent gain of the ZnO microrod photodetector may be

attributed to the WGM cavity confinement effect. To confirm
the mechanism of the WGM effect in a ZnO microrod, a
comparative micro-photoluminescence experiment was per-
formed on a single ZnO microrod with diameter of about 2 μm
and a ZnO nanorod with diameter of 400 nm. The ZnO
microrod and nanorod are successively illuminated by an UV
beam with light spot of 10 μm in diameter. As shown in Figure
3b, the micro-PL of the ZnO microrod present a series of fine
peaks on the emission band, and the micro-PL intensity from
the ZnO microrod is about 50 fold of that from the ZnO
nanorod. Here the broad emisssion band centered at about 378
nm is near band edge emission band, the emission peaks
locating at 385. 7, 386.7, 387.7, 388.97, 390.23, and 391.52 nm
are related to the WGM optical resonance effect in the
microrod. According to the WGM resonance equation,27,28 we
can fit out that the mode numbers of the resonance peaks range
from 31 to 26. On the other hand, a numerical simulation is
performed to demonstrate the WGM effect in the hexagonal
microcavity using a FDTD method. A Gaussian light beam with
FWHM of 8 nm is selected to transport in the hexagonal
cavity.32 The light intensity distribution is shown as the inset of
Figure 3b, which shows that the light is almost totally reflected
on the inner wall and emit out from the cavity after a superlong
process. The larger hexagonal cavity is more likely to generate
WGM resonance because of its lower escape rate;33 as a result,
the WGM optical resonance can be easily achieved in the ZnO
microrod instead of in the ZnO nanorod.27−33 By considering
the UV on−off photocurrent ratio and the WGM optical result,
the WGM effect can make a much higher photocurrent gain of
the ZnO microrod UV photodetector than the previously
reported ZnO nanorod devices.
Figure 4a shows the time-resolve photocurrent response

process under 5 different illumination powers. When the
illumination power increases, the carrier density in the ZnO is
increased accordingly. The increased carrier density can lifts
Fermi energy and reduce the work function, which results in a
reduction of the Schottky barrier height and width.5,23

Therefore, the device should have a higher photocurrent
under stronger UV illumination. As shown in Figure 4b, the
relationship between the photocurrent and the light intensity
obeys a power law function Ilight ∝ Pk, the power law factor k is
0.69. The nonunity power law factor is thought to be related to
the complex process of electron-hole generation, hole-trapping
and recombination during the photoresponse process for the
semiconductor photodetector.7,8,12,34 Figure 4c shows the
photocurrent spectrum of the ZnO microrod photodetector
under the illumination of UV−vis light, which shows the device
is sensitive to UV light.

4. CONCLUSIONS

In summary, an Ag/ZnO microrod/Ag structured UV photo-
detector is fabricated. Under the UV illumination of 325 nm
laser, the device shows a high photocurrent gain of 1.5 × 105, a
high photocurrent response with UV on−off ratio of 9 × 105

and a good UV response reproducibility. In addition, the
photocurrent of the photodetector exponentially depends on
the UV illumination power density, which reveals the hole-
related mechanism in the photoresponse process. The high
photocurrent gain of the ZnO microrod photodetector is
probably attributed the Schottky barrier and the enhanced
interaction between light and ZnO resulted from the optical
WGM effect. The result indicates that ZnO microrod has

Figure 3. (a) I−V curves of the ZnO nanorod photodetector at dark
condition and UV illumination, the inset shows the SEM image of the
ZnO nanorod photodetector. (b) Micro-PL spectra of the ZnO
microrod and ZnO nanorod. The inset is the light intensity
distribution of a ZnO hexagonal cavity.30
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promising applications in UV photodetector with ultrahigh
photocurrent gain.
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292.
(22) Calarco, R.; Marso, M.; Richter, T.; Aykanat, A. I.; Meijers, R.;
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