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Abstract A high-performance UV photodetector (PD) based
on a p-Se/n-ZnO hybrid structure with large area (more than
1×1 cm) is presented in this study. The device is theoretically
equivalent to a parallel-connection circuit for its special structure
and shows multifunction at different voltage bias, which means
the output signal can be tailored by an applied voltage. The
Se/ZnO PD shows binary response (positive and negative cur-
rent output under on/off periodical light illumination) under small
reverse bias (–0.05 V and –0.1 V) which efficiently reduces the
negative effect of noise signal in weak-signal detection appli-
cations. At zero bias, with the aid of a p-n heterojunction, a
high on/off ratio of nearly 104 is achieved by this device at zero
set bias under 370 nm (�0.85 mW cm−2) illumination and this
on/off ratio can be achieved in 0.5 s. The device also shows a
fast speed with rise time of 0.69 ms and decay time of 13.5 ms
measured by a pulse laser, much faster than that of a pure
ZnO film. The Se/ZnO PD in this research provides a new path-
way to fabricate multifunctional high-speed, high signal-to-noise
ratio, high detectivity and high selectivity UV photodetectors.
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1. Introduction

UV photodetectors (PDs) are vital to many commercial
and scientific applications including optical communica-
tion, flame sensing, biological and chemical analysis, satel-
lite launch and astronomical studies [1]. It is commonly
accepted that an outstanding PD should satisfy “5S” re-
quirements: high sensitivity, high signal-to-noise ratio, high
spectral selectivity, high speed, and high stability [2]. ZnO
is a widely studied UV detection material for many of its
merits. The bandgap of ZnO is about 3.37 eV, which in-
dicates its excellent UV selectivity. Many ZnO PDs with
various nanostructures, such as thin films [3], nanowires
(array) [4, 5], nanobelts [6], nanorods [7], and nanoparti-
cles [8, 9] are reported to demonstrate high UV sensitiv-
ity and stability. However, large surface-to-volume ratio
of nanostructures usually allows abundant O2 adsorption
[3], leading to long rise and decay time, usually of the or-
der of seconds [10]. In addition to low speed, a constant
bias voltage is needed for ZnO nanostructured photocon-
ductive type or metal–semiconductor–metal (MSM) PDs
to separate photogenerated electron–hole pairs [11], which
usually result in a relatively low signal-to-noise ratio (high
dark current) and energy consumption. Many recent stud-
ies have focused on specially designed ZnO nanostructures
to improve the signal-to-noise ratio and have achieved sig-
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nificant progress. For example, the ultraporous electron-
depleted ZnO nanoparticle networks [12–15] achieve ultra-
high photo-to-dark ratio of 105–107 and graphdiyne–ZnO
nanocomposites based PDs [3] also achieves photo-to-dark
ratios of �106. Although these new ideas greatly improves
the signal-to-noise ratio, a constant-voltage bias, albeit
small, is needed for the operation of these PDs, not to men-
tion their relative long response time, up to several seconds.

To further reduce or even eliminate the energy con-
sumption of PDs, many efforts have been paid on
zero-bias operational or self-powered PDs that harvest en-
ergy from detected light [16, 17]. The self-powered PDs
are usually based on the photovoltaic effect via Schottky
junctions [16, 18] or p-n junctions [17, 19]. Although pre-
viously reported ZnO self-powered PDs based on Schottky
junctions are able to work at zero bias, the oxygen pho-
todesorb/readsorbs process still hinders the speed of ZnO
PDs [8]. Comparing with a Schottky junction, a p-n junc-
tion might be the perfect candidate to achieve self-powered
detection and high speed. The built-in electric field can
effectively separate photogenerated electrons and holes,
which means an external bias voltage is not needed. This
will greatly reduce the energy consumption of every single
photodetector. In spite of the photovoltaic effect, previous
studies also showed that ZnO p-n photodiodes have the ad-
vantage of short rise and decay time and show no oxygen
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dependence on speed [20]. Usually, a high-speed p-type
semiconductor is preferred to achieve fast response of the
whole ZnO-based p-n junction photodiode.

Selenium (Se), as an intrinsic p-type elemental semi-
conductor material [21, 22], is a prospective candidate to
improve the performance of ZnO-based PDs. Se has at-
tracted many studies in recent years for many novel physical
properties, such as low melting point (�220°C), high con-
ductivity (�8×104 S cm–1), high intrinsic carrier concen-
tration (�9.35×1016 cm–3) [23, 24]. Recently, researchers
have paid much attention to selenium-based photodetectors
via various nanostructures, such as thin films, nanowires,
nanobelts, nanotubes, etc. [25, 26]. Previous reports on Se-
based photodetectors reveal that Se PDs exhibit intrinsic
fast response speed of several microseconds without any
treatment [24,25,27]. For example, photodetector based on
a single Se nanobelt has a rise time of 0.57 ms and a decay
time of 2.65 ms. [24]. Therefore, Se is a promising p-type
material to construct p-n junctions with ZnO to achieve
self-powered and high-speed photodetectors.

In this work, we fabricate a zero-bias operational p-
n heterojunction photodetector based on an n-type ZnO
nanoparticle film and a p-type Se microcrystals film with a
simple combination of spin coating and vapor phase depo-
sition methods. The device shows multifunctional response
at different voltage biases. At low reverse bias (–0.05 V and
–0.1 V), the photodetector shows a rapid binary response
with current changing between negative and positive upon
on/off light irradiation. The binary response phenomenon
is a novel and effective method to produce bidirectional
output current directly. This interesting phenomenon might
be potentially used for binary light communication and
other applications related to weak-signal detection, which
is well explained by the parallel connection of ZnO and
Se/ZnO photodetectors originating from the special pattern
of indium electrodes of the device. At zero applied bias,
the device demonstrates both high speed and UV selective
photoresponse (a UV-vis rejection ratio of >10) of the ZnO
film. Moreover, the photocurrent reaches 10 nA at 370-nm
UV radiation with a low power density of 0.85 mW cm–2

and the dark current is very low, about 1 pA. The on-off
ratio of this device reaches 104 under the wavelength of
370 nm within 0.5 s, measured by a Keithley 4200-SCS
semiconductor characterization system with a quasisteady-
state UV light source. The speed of the device is very fast
with a rise time (from 10% to 90%) of 0.69 ms and a decay
time (from 90% to 10%) of 13.5 ms measured by a pulse
laser with pulse duration: 3–5 ns. Furthermore, the respon-
sivity of the device is calculated as 2.65 mA W–1 at zero
bias and 60 mA W–1 at 5 V bias upon 370-nm UV illumi-
nation. Therefore, the Se/ZnO p-n heterojunction device is
a promising candidate for a high-performance multifunc-
tional UV photodetector.

2. Experimental section

ZnO film preparation: zinc acetate (1g) and polyvi
nylpyrrolidone (PVP, 1 g) were added into 10 mL of pure DI

water. The solution was stirred for 2 h while 0.1 ml acetic
acid was added into the solution slowly. Then, a thin and
transparent film was prepared by spin coating the mixed
solution on cleaned quartz substrates. The substrates are
then annealed for 150 min at 550°C to remove the PVP and
crystallize ZnO.

Se/ZnO hybrid film preparation: a Se microcrystal film
is then grown on the as-fabricated ZnO film that is half-
covered. The synthesis of the Se film is carried out in a
horizontal tube furnace via vapor transport and deposition
process. The Se source (> 99.95%, Meixing chemical co.,
LTD, Shanghai) was in the center of the furnace and the
quartz substrates with the thin ZnO film was placed 38 cm
downstream from the center vertically. Before heating, ul-
trapure nitrogen was flushed at a rate of 400 sccm for nearly
30 min to remove residual air. Then, the center temperature
of tube furnace is raised to 300°C in 55 min and maintain
at 300°C for 600 min with a constant nitrogen flow of 300
sccm. The furnace is then cooled to room temperature nat-
urally. Two indium electrodes are patterned on the ZnO and
Se film respectively as depicted in Fig. 2a.

Material characterization: The morphology of the as-
synthesized Se/ZnO hybrid structure was characterized by
a field-emission scanning electron microscopy (FESEM,
Zeiss Sigma) and the phase of the material is further iden-
tified by X-ray diffraction (XRD, Bruker D8-A25) using
CuKα radiation (λ = 0.15406 nm) in the 2θ range from
20° to 60°. The optical properties of elemental Se are char-
acterized using a UV-visible spectrophotometer (Hitachi
U-3900H).

Photoelectric measurements: The photoelectric prop-
erties (I–V and I–t characteristics) and spectral photore-
sponses of the device are characterized by semiconductor
characterization system (Keithley 4200-SCS), a 24-W Xe
lamp (POWERMAX II P21NRX3) and monochromators.
The time-resolved responses of the device are measured
with YAG:Nd laser (Continuum Electro-Optics, MINILITE
II, 355 nm, pulse duration: 3–5 ns),oscilloscope (Tektronix
MSO/DPO5000) and a 1-G� resistor.

3. Results and discussion

The morphology of the as-fabricated Se/ZnO heterojunc-
tion PD is characterized by field-emission scanning elec-
tron microscopy (FESEM) as depicted in Fig. 1. Figure 1a
shows the surface of Se/ZnO PD in large area where half
of the ZnO film is covered by a Se film (dark color) pre-
pared by a vapor deposition method. The enlarged image
of ZnO nanoparticle film in Fig. 1b demonstrates that the
thin film of ZnO consists of small nanoparticles with good
uniformity. The sizes of the nanoparticles are mainly con-
centrated within 20–90 nm with a mean diameter of 47 nm
as depicted in the size distribution of the ZnO nanoparticles
given in Fig. S1. The SEM images of deposited Se micro-
crystals on ZnO film are presented in Fig. 1c and 1d with
different magnifications. It is obvious that Se microcrystals
cover the ZnO film with good uniformity in large area, as
shown in Fig. 1c. More details of these Se microcrystals
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Figure 1 Plane-view SEM im-
age of (a) Se/ZnO hybrid struc-
ture in large area; (b) ZnO
nanoparticle film; (c) Se/ZnO hy-
brid film; (d) Magnified image
of Se/ZnO hybrid film in (c);
(e, f) Cross-sectional SEM im-
ages of Se/ZnO hybrid structure
on Si/SiO2 substrate at different
magnifications. (g) XPS analysis
of Se/ZnO hybrid film. (h) XRD
patterns of Se, ZnO and Se/ZnO
hybrid films.

are revealed by the magnified SEM images that indicate
that the microcrystals in fact do not fully cover the ZnO
film. To obtain the thickness of the as-prepared ZnO and
Se films, cross-sectional identification is performed on a
Si/SiO2 substrate with a 200-nm oxide layer, as shown in
Fig. 1e and 1f. The thicknesses of the Se layer and ZnO
layer are �2 μm and �100 nm, respectively. This also
shows good contact between the Se and ZnO film that will
facilitate the carrier transport in the Se/ZnO heterojunction.

The elemental composition of the Se/ZnO hybrid film
is analyzed by X-ray photoelectron spectroscopy (XPS), as
shown in Fig. 1g. The spectrogram provides the detailed
information about the Zn 2p, Se 3p, Se 3d, O 1s and C 1s
peaks, which indicate the element feature of Se/ZnO hybrid
film. The crystalline structure of the Se/ZnO hybrid film
is further confirmed by X-ray diffraction (XRD) patterns.
Figure 1h shows the XRD patterns of the Se, ZnO and
Se/ZnO hybrid film, respectively. All peaks of the pure
Se sample are well matched with selenium (JCPDS No.
65–1876) with lattice parameters of a = b = 4.364 Å and
c = 4.959 Å. The sharp peak of the ZnO film located at
34.5° is assigned to the (002) plane of ZnO (JCPDS No.
36–1451) with lattice parameters of a = b = 3.250 Å and
c = 5.207 Å. The XRD pattern of the Se/ZnO hybrid film
possesses peaks of both Se and ZnO films, which confirm
the successful preparation of a hybrid Se/ZnO film.

The Se/ZnO hybrid structure fabricated on quartz sub-
strate is then constructed into a device with indium elec-
trodes, as schematically illustrated in Fig. 2a. It is worth
noting that the incident light radiates the device from the
back side, i.e. from ZnO to Se. This is mainly because front
incident light from Se to ZnO will be blocked by the thick
and opaque Se layer, leading to a lower optical photore-

sponse of ZnO. On the other hand, thin and transparent
ZnO will ensure favorable light absorption of both Se and
ZnO. Figure 2b shows a typical current–voltage (I–V) curve
of the Se/ZnO PD in a semilogarithmic plot in the dark and
upon 370-nm (0.85 mW cm−2) UV light illumination. The
dark current shows a symmetrical response for forward and
reverse bias which is also obvious in linear coordinate, as
shown in Fig. S2b, The linear dependence of current on
voltage indicates good Ohmic contacts between the indium
electrodes and Se/ZnO hybrid structure. The dark current at
5 V bias is �0.6 nA, corresponding to a resistance of 8.3 T�

at room temperature. The current increases by more than 2
orders of magnitude upon 370-nm UV light illumination.
In addition to the dramatic current increase, the I-V curve
also demonstrates an asymmetric feature for forward and
reverse bias. Note that a relatively high current, reaching
several nanoamperes exists at nominal zero bias, indicating
that the Se/ZnO hybrid PD can operate without an external
driving voltage, or as a self-powered PD that detects light
without additional energy consumption. The self-powered
effect of this device is mainly attributed to the photovoltaic
effect from a p-n heterojunction by p-Se and n-ZnO, which
will be discussed in detail in the following.

The responsivity of a device, defined as photocurrent
per unit of incident power, is also important to evaluate the
performance of a PD, which is usually calculated using the
equation [28]:

Rλ = Iλ − Id

PλS
(1)

where Iλ is the photocurrent, Id is the dark current, Pλ is
light power density and S is the photosensitive area, which
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Figure 2 (a) Schematic dia-
gram of Se/ZnO heterostruc-
ture UV PD. (b) I–V charac-
teristics of the photodetector
under dark and illumination with
370-nm UV light. (c) Spectral re-
sponsivity of the device under 0
V bias. Inset: UV-vis absorption
spectra of Se, ZnO and Se/ZnO
hybrid films. (d) Responsivity of
pure ZnO and Se film under 1 V
bias.

is 0.4 mm2 for this Se/ZnO PD. The spectral responsivity
at 0 V bias of the device is then calculated from 300 nm to
600 nm, as shown in Fig. 2c. The Fig. 2c inset shows the
UV-vis absorption spectra of Se, ZnO and Se/ZnO hybrid
films. The absorption spectrum of ZnO film shows intense
change at �400 nm and that of Se film shows intense change
at �750 nm. Interestingly, the absorption spectrum of the
Se/ZnO hybrid film exhibits the optical properties of both
Se and ZnO films. The absorption intensity first increases
when wavelengths are shorter than �750 nm, remains stable
in the range 750–400 nm and then dramatically increases
for wavelengths shorter than �400 nm. The device shows
good selectivity of UV light with a cut-off wavelength at
�400 nm, consistent with the spectral absorption spectrum
in the inset. It can also be seen that the Se/ZnO PD exhibits
a responsivity of 2.65 mA W–1 at zero bias under 370-nm
UV radiation, comparable to a previously reported ZnO-
based self-powered photodetector [20, 29]. At 5 V positive
bias and 370-nm light illumination, the responsivity of this
device reaches 60 mA W–1, as shown in Fig. S2c. The UV-
visible rejection ratio defined as R300 nm/R400 nm is �11 for
our device at zero bias. The responsivity in the visible region
of this device is mainly attributed to the low photoresponse
of the Se layer and defects in the as-fabricated ZnO film
that allows a small photoresponse in the visible region.
This can be confirmed by Fig. 2d, which shows the spectral
responsivity of the pure ZnO film and the Se film at 1 V
bias. The ZnO film shows high and selective photoresponse
in the UV region (<400 nm) while the Se film shows a
broadband but weak photoresponse from the UV to the
visible region.

The current–time (I–t) curve is measured with period-
ical on/off UV light illumination at zero bias, as shown in
Fig. 3a. The device demonstrates high stability and repeata-

bility under five cycles of switching on and off upon 0.85
mW cm–2 370-nm UV irradiation. Moreover, the output
current at zero bias rises to �6 nA from nearly zero at the
instant the UV light is switched on and decays to nearly zero
at the instant the light is switched off. In the rise process, it
is also clear that it is divided into two stages: a fast stage and
a slow stage. The rise time of the combined two stages is
several minutes in total. To identify the dark current at zero
bias, a single period of the I–t curve on a semilogarithmic
plot is given in Fig. 3b. The dark current is about 1 pA,
while the photocurrent reaches �10 nA, showing an on-off
ratio of this device of about 104, which is at least one order
of magnitude higher than previously reported self-powered
devices [18, 20, 30, 31]. The linear dynamic range (LDR,
quoted in dB) defined as:

LDR = 20 log

(
Iph

Id

)
(2)

where Iph is Iλ–Id, is often adopted to describe the signal-to-
noise ratio. The LDR of our device at zero bias is �80 dB
upon 370-nm 0.85 mW cm–2 UV light irradiation. The high
LDR indicates a relatively large ratio of photocurrent to
dark current and a high signal-to-noise ratio. Interestingly,
the output current of this device at zero bias drops 3 orders
of magnitude and rises nearly 4 orders of magnitude with
off/on UV light, respectively, within 0.5 s (sample interval
of two data points), indicating the fast response speed of
the device. Due to the limitation of the sampling speed
of the Keithley 4200-SCS semiconductor characterization
system, the real response time of the device must be much
shorter than 0.5 s as no point is recorded in the 0.5 s interval.

To better illustrate the time-resolved property and get
more insight into the rise and decay time of the device, a
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Figure 3 (a) I–t curve of
Se/ZnO PD with periodical on/off
switching upon 370-nm UV light
illumination under 0 V bias. (b)
Single period of the I–t curve on
a semilogarithmic plot. (c) Pulse
response of the Se/ZnO PD un-
der 5-Hz 355-nm pulse laser ra-
diation. (d) Single period of pulse
response. Inset: rising edge of
pulse response.

Figure 4 (a) Simplified schematic diagram of device structure.
(b) Schematic illustration of energy levels of Se/ZnO heterojunc-
tion and charge-transfer process under UV light illumination. (c)
Equivalent circuit of the Se/ZnO photodetector.

quick response measure system [32] is used with a 5-Hz
355-nm pulsed laser. Six cycles of the pulse response of the
Se/ZnO PD are shown in Fig. 3c, which also confirms the
stability and repeatability of the device. A single period of
the pulse response in Fig. 3d shows the rise time of 0.69 ms
(inset of Fig. 3d) and a decay time of 13.5 ms in Fig. 3d and
inset. This is much quicker than that of a pure ZnO film with
rise and decay times of 18 s and 56 s, respectively, as shown
in Fig. S3. The rise and decay times are also of the same
order as pure Se-based photodetector [24]. Because the rise
and decay times are highly dependent on light intensity, the
response time can be further shortened by increasing the
light intensity [33].

To gain more insight into the mechanism of the self-
powered Se/ZnO hybrid photodetector, the simplified struc-
ture of the device is illustrated in Fig. 4a. Because of the
existence of interspace of Se microcrystal film as men-
tioned in Fig. 1d, the indium electrodes on top of Se film

contact with not only Se film but also ZnO film, which
lead to the device structure of Fig. 4a. This can also be
proved by the linear dependence of dark current on volt-
age of Se/ZnO device, as shown in Fig. S2b. The dark
current and photocurrent of Se films (Fig. S4) are lower
than that of pure ZnO film (Fig. S3), indicating the higher
resistance of the Se film. Therefore, the ZnO film is the
primary carrier transport channel, leading to a linear char-
acteristic of dark current for Se/ZnO device. On the other
hand, the built-in electric field forms at the interface be-
tween p-Se and n-ZnO and the energy levels of Se and
ZnO are displayed in Fig. 4b. In this diagram, the electron
affinities (χ ) of Se and ZnO are taken as 3.2 and 4.35 eV,
respectively, and the bandgaps of Se and ZnO are 1.7 and
3.37 eV, respectively [34, 35]. Under UV-light illumina-
tion, photogenerated electrons and holes in the depletion
layer are quickly separated by the built-in field, leading to
the formation of photovoltages at both sides of the Se and
ZnO. The equivalent circuit of the device is then illustrated
in Fig. 4c. The device can be considered as the parallel
connection between a ZnO photodetector and a Se/ZnO p-
n heterojunction photodiode. As the hole mobility of Se is
much lower than the electron mobility of ZnO, according to
previous reports [8, 23], photogenerated electrons transfer
faster from Se to ZnO than holes do from ZnO to Se. This
implies that photogenerated electrons are collected earlier
than photogenerated holes. This explains why the I–t curve
in Fig. 3a consists of a faster process and a slower process
corresponding to electron-transport processes in ZnO and
hole-transport process in Se, respectively. When UV light
is off at zero set bias, the photogenerated electron–hole
pairs of Se recombine quickly, leading to rapid decay of
the photovoltage to a relatively small value. Afterwards,
the relatively long relaxation time is caused by an oxygen
reabsorption process of ZnO, which is responsible for the
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Figure 5 (a) I–V curves of Se/ZnO
hybrid under dark and 370 nm
(0.85 mW cm−2) and 450 nm (1.003
mW cm−2) light illumination. (b,c) I–
t curves under 370-nm and 450-nm
light illumination at 0.5 V and –0.5
V bias. (d,e) I–t curves under 370-
nm and 450-nm light illumination at
0 V bias and small negative bias of
–0.05 V, –0.1 V and –0.2 V.

slow degradation of the dark current, as shown in Fig. 3b. In
addition to working at zero bias, the theoretical equivalent
circuit of parallel connection promises the device will work
at different biases to achieve multifunction operation.

The binary response characteristic of the device is fur-
ther studied at different bias voltages and wavelengths.
Figure 5a shows the I–V curves of the Se/ZnO device under
dark conditions, 370-nm (0.85 mW cm−2) UV light and
450-nm (1.003 mW cm−2) visible light. Different bias (–
0.5 V, –0.2 V, –0.1 V, –0.05 V, 0 V and 0.5 V) are adopted in
our study according to the open-circuit voltage (Voc) of the
device, as seen in Fig. 5a. Figure 5b and 5c show the I–V
curves at 0.5 V and –0.5 V under 370-nm and 450-nm light
illumination, respectively. Under 0.5 V and –0.5 V biases,
the I–t curves under both 370-nm UV light and 450-nm
visible illuminations show an asymmetrical shape in that
the photocurrent is higher under positive bias than under
negative bias. This is mainly caused by the photogenerated
current flowing from ZnO to Se. When an external voltage
is applied, the total current collected is the sum of the cur-
rent on ZnO and on the Se/ZnO photodiode, as depicted in
Fig. 4c. As the current directions of ZnO and Se/ZnO pho-
todiode are the same under positive bias, the total current
is enhanced. While at a negative bias of –0.5 V, which is
opposite to the direction of the photocurrent generated by
photovoltaic effect in the Se/ZnO photodiode, the total cur-
rent is decreased. In addition, the sudden rise is observed
when UV light is turned off at –0.5 V bias in Fig. 5b, which
is also the evidence for different directions of current flow
on ZnO and photogenerated current on Se/ZnO photodiode.
Under 450-nm visible light illumination at –0.5 V bias, the

photocurrent decreases when the light is switched on and
rises when the light is switched off. This is due to the pho-
togenerated current arising from the photovoltaic effect on
the Se/ZnO diode and the broadband photoresponse of Se.
When the bias is set as –0.05 V and –0.1 V (Voc<V<0), the
I–t curves under both 370-nm UV light and 450-nm visible
light demonstrate a binary response that the output current
alternates between negative and positive when the light is
switched on and off as shown in Fig. 5d and 5e. However, at
–0.2 V bias, the I–t curve under 370-nm irradiation demon-
strates a nonbinary response property, which is different
from that under 450-nm light irradiation. This is mainly
because the absolute value of Voc under 370-nm light irra-
diation is smaller than that under 450-nm light irradiation.
The binary response of the device can also be explained by
the equivalent circuit depicted in Fig. 4c. In the dark, the
small negative bias can produce a negative current in the
circuit, while the photogenerated forward current from the
Se/ZnO heterojunction is dominant upon light illumination
and results in the current changing from negative to pos-
itive. This phenomenon provide an additional pathway to
remove the negative effect of the noise signal and might
fulfill the demand of weak-signal detection [36].

4. Conclusions and outlook

In summary, we have developed a high-performance UV
photodetector based on a Se/ZnO p-n heterojunction. The
built-in field at the interface of Se and ZnO allows the
device to operate without an external energy supply. The
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speed of the ZnO UV PD is greatly improved with a rise
time of 0.69 ms and a decay time of 13.5 ms, which are
much quicker than those of pure ZnO film PDs. The device
also exhibits a high on/off ratio of 104 and a responsiv-
ity of 2.65 mA W–1 using a low power density UV light
source (0.85 mW cm–2, 370 nm) without any electrical
power source. More interestingly, at a small reverse bias,
the device achieves a binary response of positive and neg-
ative output current using an on/off light source. The novel
phenomenon is explained by the parallel connection of ZnO
and the Se/ZnO hybrid structure and might be potentially
useful for binary light communication and relative appli-
cations with weak-signal detection. The results reported in
this paper provide a facile route to fabricate ZnO-based
p-n junction UV photodetectors with high sensitivity, high
signal-to-noise ratio, high spectral selectivity, high speed,
and high stability and thus may lay a solid ground for the
future applications of this kind of high-performance multi-
functional photodetector.
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