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1.  Introduction

In the past few decades, self-powered UV photodetectors 
(PDs) have attracted tremendous attention due to their great 
potential applications in medical diagnosis, smart commu-
nications, health monitoring, materials identification, etc. 
Human diseases such as cataracts and skin cancers are related 
to excessive UV radiation in the UVA (320–400 nm) and UVB 
(280–320 nm) region [1, 2]. Therefore, a smart PD capable of 
monitoring UV radiation (especially UVA and UVB) without 
power supply is highly desired to be integrated into the 

wearable devices for the prevention of excess UV exposure. 
To date, numerous self-powered UV PDs have been explored. 
Briefly, they can be divided into two groups according to their 
ways of energy conversion [3], namely the photoconductive 
device integrated with an energy harvesting unit, such as the 
microbial fuel cell, photoelectrochemical cell, piezoelectric 
resonator, etc [4–7]; and the photovoltaic-based semicon-
ductor p–n homojunction, heterojunction or Schottky junction 
[8–10]. Although photoconductive devices usually exhibit a 
high internal gain, the device has a slow response speed and 
high dark current owing to the conjunction with an additional 
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Abstract
A back-to-back asymmetric Schottky self-powered UV photodetector (PD) with fast speed was 
realized by a facile combination of ternary alloy MgZnO film and asymmetric Au electrodes. 
The high-crystalline-quality MgZnO films were synthesized by metal organic chemical vapor 
deposition. Due to the incorporation of Mg, the band gap of MgZnO film was confirmed to be 
3.76 eV. In addition, owing to the large Schottky barrier difference between the active layer  
and the two asymmetric Au electrodes, the responsivity of the device could reach up to  
2.22 mA W−1 at the optical wavelength of 330 nm without any power supply, and with a sharp 
cutoff at the wavelength of 343 nm. The device exhibits a very low dark current of  
247 pA at  −5 V. More interestingly, the decay time of our device is only around 92 µs, which is 
much quicker than any other previously reported UV PDs even with bias voltage applied. Our 
findings provide a promising approach to realize a high-performance self-powered UV PD.
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power source, the complex energy conversion process and the 
Ohmic contact electrodes [11, 12]. In contrast, photovoltaic 
UV PDs can operate by converting UV radiation into elec-
trical signals (e.g. voltage or current) by the built-in electric 
field. Thus, these types of devices with smaller size usually 
exhibit a rapid response speed, low dark current and self- 
powered characteristics. However, the preparation process of 
the homo or hetero p–n junction device is usually complicated 
and involves issues such as the reliability of p-doping and lat-
tice mismatch between the film and substrate. Schottky-type 
UV PDs consisting of metal–semiconductor structure have 
simpler preparation processes and the advantages of low dark 
current, high responsivity and fast speed.

Compared with other wide band-gap semiconductors such 
as TiO2, ZnO, GaN, AlN and diamond, MgxZn1−xO alloy 
semiconductor has a wide-range band gap (3.37–7.8 eV) tun-
able by the composition of x. MgZnO also has other advan-
tages in fabricating UV PDs such as being environmentally 
friendly, biocompatible, and having a low growth temperature 
(100 °C–750 °C) [13–15]. Although the tough issue of phase 
separation would take place in MgxZn1−xO film, when x is 
0.37, the MgxZn1−xO alloy still retains wurtzite structure. In 
addition, the radius of Zn2+ and Mg2+ is similar. Hence, there 
were hardly any defects forming during the crystallization 
process. This means that high-crystal-quality wurtzite struc-
ture MgxZn1−xO films are excellent candidates for fabricating 
PDs in the UVA and UVB region. There are many researches 
in the literature reporting MgZnO UV PDs in metal–semi-
conductor–metal (MSM) structure. However, the traditional 
MSM PDs usually require external bias to generate photocur
rent due to their two symmetric Schottky contacts connected 
back-to-back on the planar surface. Self-powered MgZnO-
based Schottky-type UV PDs are rarely reported due to the 
poor electrode contacts in vertical Schottky PDs.

In this work, a novel Mg0.19Zn0.81O self-powered UV PD 
is constructed with a pair of asymmetric Au metal contacts. 
Owing to the special back-to-back asymmetric Schottky junc-
tions, photogenerated carries in the active layer can be sepa-
rated efficiently, very rapidly, without any power supply. The 
responsivity of the device could reach up to 2.22 mA W−1 
at the wavelength of 330 nm with a fast speed at 0 V bias. In 
addition, the device also displays an extremely low dark cur
rent of 247 pA at  −5 V. This facile and scalable preparation 
method proposed in this work would provide an additional 
opportunity to realize high-performance self-powered UV 
PDs at any other desirable wavelength.

2.  Experimental

The sapphire substrate was cleaned with deionized water, 
acetone and ethyl alcohol, successively. The MgZnO films 
of about 200 nm were grown on the sapphire substrate using 
metal organic chemical vapor deposition. Dimethyl dicyclo-
pentadienyl magnesium (MeCp2Mg), diethyl zinc (DEZN) and 
high-purity (6N) O2 were used as the precursors. High-purity 
(6N) nitrogen was used as the carrier gas. The temperature 
and pressure are kept at 450 °C and 2  ×  104 Pa, respectively, 

during the growth. Au electrodes were deposited by vacuum 
evaporation. The asymmetric Au interdigital electrodes were 
patterned using a photolithography process with the widths 
of 50 and 5 µm (Au electrode #1 and Au electrode #2, 
respectively) and the separation between the two electrodes is  
10 µm). Then, the Au interdigital electrodes were annealed at 
500 °C for 60 min.

The morphology and structure of the MgZnO films were 
characterized by scanning electron microscopy (SEM; Zeiss, 
Gemini 500), atomic force microscopy (AFM; Bruker, 
MultiMode-8) and x-ray diffraction (XRD, Bruker, D8 
ADVANCE). The response time spectrum was obtained using 
a pulsed Nd:YAG (266 nm) laser as an excitation source 
(Continuum, Surelite SL II-10, USA) and an oscilloscope. 
The room-temperature electrical and photoresponse proper-
ties of the fabricated device were measured with a Xe lamp 
as an excitation source, monochromator and semiconductor 
characterization system (Agilent B2901A).

3.  Result and discussion

The top-view and the cross-sectional SEM images of the 
MgZnO films grown on the sapphire (0 0 6) substrate are shown 
in figures 1(a) and (b). Hexagonal grains are observed and the 
thickness of the films is about 200 nm. The XRD spectrum in 
figure 1(c) reveals the wurtzite (0 0 2) crystalline orientation 
of the MgZnO film. The energy-dispersive x-ray (EDS) spec-
trum (figure 1(d)) shows that the precise molar ratio of Zn:Mg 
is 0.19:0.81. The AFM image of the MgZnO film obtained by 
tapping-mode is shown in figure 1(e). As shown in figure 1(f), 
the optical transmission spectrum of MgZnO films indicates 
that the films had brilliant transmission performance at visible 
wavelength, and the band gap is found to be 3.757 eV (see the 
inset of figure 1(f)). The MgZnO film has a strong absorption 
at the UVA wavelength. All the images in figure  1 indicate 
that the crystal quality, surface flatness and optical properties 
of the MgZnO films have great potential in fabricating UVA 
PDs.

Figure 2(a) is the schematic figure  of this back-to-back 
asymmetric-type self-powered PD. In order to achieve the 
self-powered function of the PD, a pair of asymmetric Au 
interdigital electrodes is fabricated. As shown in the SEM 
image of figure 2(b), the widths of Au electrode #1 and Au 
electrode #2  are 50 and 5 µm, respectively, and the sepa-
ration between them is 10 µm. This asymmetric electrode 
design is supported by the following explanations. Although 
the Schottky barrier height of the Au/MgZnO is independent 
of the contact area between the metal and semiconductor in 
theory, with the increase of the contact area of the Au/MgZnO 
Schottky contact, the field intensity of the space-charge region 
along both the vertical and horizontal directions in the MgZnO 
films is enhanced. In addition, the number of the accumulated 
and trapped holes at the two interfaces is different, which 
induces the difference in the decrease of the Schottky bar-
rier height between electodes#1/MgZnO and electodes#2/
MgZnO according to our and other previous works [16–18]. 
As shown in figure 2(c), in conjunction with dark current and 
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photocurrent (330 nm) of the UVA PD, it was revealed that 
the asymmetric Schottky contact formed between the Au#1/
MgZnO electrodes and Au#2/MgZnO interface.

The UV detection performance of the MgZnO film’s PD 
was precisely examined using a two-probe method under 

ambient conditions and monochromatic illumination. The 
responsivity (R) is a vital parameter, and the sensitivity of a 
PD device is determined by the responsivity, which is defined 
as the device photocurrent generated per unit power of illumi-
nation light, and could be calculated by [19]:

Figure 1.  (a) XRD spectrum of the MgZnO films. (b) EDS spectrum of the MgZnO films. (c) Top-view SEM image of the MgZnO films. 
(d) Cross-section of SEM image of the MgZnO films. (e) 3D image of MgZnO alloy films. (f) Optical transmission spectrum of the MgZnO 
films at different wavelength. Inset shows the band gap of MgZnO films calculated from the absorption spectrum.

Figure 2.  (a) Schematic configuration of the back-to-back asymmetric-type self-powered PD. (b) SEM image of the device. (c) Dark 
current and photocurrent (inset) at different bias. (d) Responsivity spectra of the device at 0 V bias.
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R =
Iph

P
,� (1)

where Iph is the photocurrent and P is the power of illumination 
light. In order to obtain the responsivity spectrum of this device, 
the wavelength selective ability was tested by using a Xe lamp 
with a monochromator in the range from 280–480 nm at a nom-
inal zero bias. The photocurrent signal was examined when 
the device was under short-circuit condition during this mea-
surement, to ensure accuracy. As shown in figure 2(d), the PD  
has an excellent responsivity property under a self-powered  
mode (0 V bias). The highest responsivity value is 2.22 mA W−1,  
appearing at 330 nm with a sharp cutoff at 343 nm.

Response time is another key performance parameter for 
PDs. To test the response time, a homemade transient pho-
toresponse measurement system consisting of a pulsed laser 
and oscilloscope was set up (shown in figure 3 inset). The loop 
current increases and results in the increase in partial voltage 
on the resistor when the PD was illuminated by the pulsed 
laser (266 nm), and the signal was recorded by the oscillo-
scope. As shown in figure 3, the photoresponse of this self-
powered PD was very fast and highly stable. The decay time 
was 267 µs, which reveals that this PD is a device having both 
ultrafast response speed and high photosensitivity.

To further confirm the asymmetric Schottky contact proper-
ties of the device, the spectral responsivity of the asymmetric 
Schottky PD under different bias (5, 15 and 25 V) was meas-
ured. As shown in figure 4, it can be seen that the responsivity 
increases with the bias increasing, and this verifies the fact that 
the extraction efficiency of photogenerated carriers is propor-
tional to the external bias. Another noteworthy phenomenon is 
that the responsivity under backward voltages was larger than 
those under forward voltages as the external bias increased. 
This is due to the asymmetry of the Au electrodes. Although 
this back-to-back asymmetric Au/MgZnO Schottky type PD 
works at 0 V bias, better performance is achieved with the 

increase of bias. Detectivity (D*) is a crucial parameter of PD 
reflecting the ability of weak signal detection, and is given by:

D∗ =
R

(2qId/S)
1
2

(Jones) ,� (2)

where R is the photoresponsivity, q is the unit charge, and Id 
and S are, respectively, the dark current and effective irradi-
ated area. Due to the excellent photoresponsivity and exceed-
ingly small dark current, the D* of this PD is 4.4  ×  1011 Jones 
at 5 V bias. Therefore, this asymmetric Schottky UV PD has 
brilliant performance on weak signal. In addition, the compar-
ison between the device in this study and other reported self-
powered UV PDs is listed in table 1. It can be found that the 
comprehensive performance of our PD is much higher than 
that of the other present self-powered UV PDs.

Energy-band theory could explain clearly the effects on 
the asymmetric electrodes while the external bias of the PD 
device is at 0 V. The energy-band diagrams of the asymmetric 
electrodes’ PD under 0 V bias are shown in figure 5. In the 
dark condition, as shown in figure  5(a), the same Schottky 
barrier heights were formed between the MgZnO films’ inter-
face and Au electrodes #1 and #2. The Au electrodes and 
MgZnO films had the same Femi level (EF). The electrode 
having the larger contact area corresponded to a wider deple-
tion region formed at the interface. Hence, the width of the 
depletion region at Au electrode #1 should be larger than 
that of Au electrode #2 [25–27]. Figure 5(b) indicated that 
electron–hole is generated in the MgZnO films under UV illu-
mination, the photogenerated electrons in the conduction band 
move away from contact, and the photogenerated holes in the 
valence band move towards the contact. The drifted electrons 
and holes at the interfaces changed the original electric poten-
tial profile and resulted in the lowering of the Schottky barriers 
[28–30]. The asymmetric electrodes having different electric 
potential profile and depletion widths thus induced different 
carrier separation and transport. As a result, the two electrodes 
collected different numbers of trapped holes that formed dif-
ferent heights of the Schottky barriers at the two asymmetric 

Figure 3.  Response time of the device obtained from pulse 
photoresponse. Inset shows a homemade transient photoresponse 
measurement system consisting of the pulsed laser and oscilloscope.

Figure 4.  Spectral responsivity of the asymmetric Schottky PD 
under the bias of 5, 10 and 15 V, respectively.
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electrodes. In the end, the self-powered function of PDs could 
be achieved by this simple electrode design.

4.  Conclusions

In summary, a novel self-powered PD was proposed based 
on the hexagonal MgZnO alloy films. Owing to the specially 
designed asymmetric Au planar electrodes on the active layer, 
the device exhibited excellent photovoltaic properties in the 
UV region. The responsivity of the device could reach up to 
2.22 mA W−1 at the wavelength of 330 nm without any power 
supply and with a sharp cutoff at 343 nm. In addition, the 
device exhibited a very low dark current of 247 pA at  −5 V. 
The origin of the photoresponse at 0 V in our devices should 
be associated with the asymmetric accumulated and trapped 
holes at the Au/MgZnO interfaces. Our findings in this work 

would provide a facile route to realize high-performance self-
powered UV PDs based on the alloy semiconductors at any 
other desired wavelength.
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