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TOPICAL REVIEW — ZnO-related materials and devices
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The ultra-violet (UV) detection has a wide application in both civil and military fields. ZnO is recognized as one
of ideal materials for fabricating the UV photodetectors due to its plenty of advantages, such as wide bandgap, low cost,
being environment-friendly, high radiation hardness, etc. Moreover, the alloying of ZnO with MgO to make ZnMgO could
continually increase the band gap from ∼ 3.3 eV to ∼ 7.8 eV, which allows both solar blind and visible blind UV radiation
to be detected. As is well known, ZnO is stabilized in the wurtzite structure, while MgO is stabilized in the rock salt
structure. As a result, with increasing the Mg content, the crystal structure of ZnMgO alloy will change from wurtzite
structure to rock salt structure. Therefore, ZnMgO photodetectors can be divided into three types based on the structures
of alloys, namely, wurtzite-phase, cubic-phase and mixed-phase devices. In this paper, we review recent development and
make the prospect of three types of ZnMgO UV photodetectors.

Keywords: ZnO, ZnMgO, UV, photodetector
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1. Introduction
The UV photodetectors have been widely used in both

civil and military applications, such as space probing, mis-
sile early-warning, flame detecting and UV monitoring.[1–3]

Nowadays the main parts of commercial UV photodetectors
are Si-based photodiodes and vacuum photomultipliers for
their advantages of relatively mature technology. Although
they have low noise and fast response speed, many significant
limitations exist. For instance, to reduce the influence of long-
wavelength light, Si-based photodiodes operated as UV pho-
todetectors usually need filters. And vacuum photomultipliers
always require an ultra-high vacuum environment and a high
voltage. In addition, the performances of these devices de-
grade obviously during long-term UV illumination.

As the study on wide bandgap semiconductors (i.e., GaN,
SiC, and ZnO) develops in depth, it is found that UV photode-
tectors based on wide bandgap semiconductors have special
advantages, such as high radiation hardness, intrinsic visible
blind, low working voltage, and high stability, and so on.[4,5]

Compared with other wide bandgap materials, GaN-based ma-
terials possess plenty of unique advantages, and have been re-
garded as the most promising materials for UV detection. For
instance, GaN has large direct bandgap (3.4 eV), high elec-
tron saturation drift velocity (2.7×107 cm/s), and high chem-
ical stability.[6] And the bandgap of GaN-based materials can
be modulated from 3.4 eV to 6.2 eV continuously by alloy-
ing GaN with Al.[7,8] In addition, the relatively mature growth

technology of GaN, especially for fabricating the P-type ma-
terials, makes GaN-based UV photodetectors far ahead of the
devices based on other wide bandgap materials.[9,10] Never-
theless, GaN-based materials are usually fabricated on sap-
phire substrates, and a large lattice mismatch between them
often leads to a high density of defects.[11] Additionally, the
fabrication of high quality P-type GaAlN with high Al content
is still a big challenge.[12,13] Recently, ZnO-based materials
have attracted more and more attention. Compared with GaN-
based materials, ZnO-based materials have many impressive
advantages, such as lower density of defects, being environ-
mental friendly and stronger radiation hardness.[14,15] More-
over, alloying ZnO with MgO in varying amounts could in-
crease the bandgap of ZnO from 3.37 eV to 7.8 eV. Therefore,
ZnO and its ternary alloy ZnMgO each have a great poten-
tial application in UV detections. Although the lack of re-
liable P-type materials hinders the PN-junction photodetec-
tors from being further utilized, the ZnO-based devices with
metal–semiconductor–metal (MSM) and Schottky structures
are still attractive due to their excellent performance.

In 2010, the first review focused on the ZnO-based semi-
conductor UV photodetectors was published by Liu et al., and
the history and the development of ZnO-based photodetectors
can be obtained.[16] Recently, the performances of ZnO-based
UV photodetectors and the relevant physics are given by Hou
et al.[17] In the previous reviews, ZnO-based UV photodetec-
tors are usually classified according to the device structure.
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As is well known, ZnO is stabilized in the hexagonal wurtzite
structure, while MgO is stabilized in the cubic rock salt struc-
ture. (Figs. 1(a) and 1(b)). As a result, with increasing the Mg
content as shown in Fig. 1(c), the crystal structure of ZnMgO
alloy will change from wurtzite structure (w-ZnMgO) to cu-
bic structure (c-ZnMgO).[18] Notably, the coexistence of two
structures in ZnMgO seems to be unavoidable in the structure
transformation process, and this ZnMgO with both hexagonal
and cubic phase is usually called mixed-phase ZnMgO (m-
ZnMgO). Therefore, ZnMgO photodetectors can be divided
into three types based on the structure of alloys, namely, w-
ZnMgO, c-ZnMgO, and m-ZnMgO devices. The performance
of ZnMgO photodetectors is strongly dependent on the alloy
structure.

In this article, we firstly review the ZnMgO UV photode-
tectors classified according to the material structure (c-, w-,
and m-ZnMgO films) in recent five years. Following this, we
will give an outlook on future direction in the field of ZnO-
based UV photodetectors.

(a) (b) (c)

Fig. 1. (color online) Schematic diagrams of (a) wurtzite structure and
(b) rock salt structure. (Blue spheres represent O atoms, yellow spheres
represent Zn atoms and green ones represent Mg atoms.) (c) Schematic
diagram of the variation of bandgap and lattice structure with Mg com-
ponent.

2. Wurtzite-ZnMgO photodetectors
Wurtzite structure is the most stable type for ZnO, and

thus w-ZnMgO has attracted much attention for the purpose
of bandgap engineering, manipulating electronic and optical
properties of ZnO.[19–21] The fabrication and investigation of
high quality ZnMgO films were first reported in 1998 by
Ohtomo et al.[22] They have grown a series of high quality w-
ZnMgO films by pulsed laser deposition (PLD). Since then,
more and more researches on ZnMgO materials have been
reported.[23–25] Various methods have been utilized to synthe-
size the ZnMgO films, such as sputtering, PLD, molecular
beam epitaxy (MBE), metal organic chemical vapor deposi-
tion (MOCVD), Sol-Gel, etc.

As mentioned in Section 1, ZnMgO films are widely used
as UV photodetectors. The first w-ZnMgO UV photodetec-
tor was fabricated in 2001 by Yang et al.[26] Since then, a
number of w-ZnMgO UV photodetectors have been reported
in succession.[27–29] To a great extent, the performance of
a ZnMgO UV photodetector usually depends on the qual-
ity of ZnMgO film itself. In recent five years, people have

used different fabrication methods (mainly sputtering[30–34]

and MBE[35,36]) to prepare the ZnMgO films under various
growth conditions. Sputtering is a very simple and cheap
method of growing the ZnMgO alloys, and the composition
of the alloy is very easy to control.[37–39] Recently, Tang et
al. found that the increasing sputtering power of MgO tar-
get could increase ZnMgO bandgap.[30] Additionally, Li et
al. found that the proper oxygen flow rate could increase the
responsivity of ZnMgO photodetector.[33] Compared with the
sputtering method, MBE method is expensive, but the ZnMgO
film fabricated by MBE presents higher quality than by sput-
tering. Schoenfeld et al. have grown ZnO nucleation layers
and ZnO buffer layers in order to grow high quality w-ZnMgO
films.[36] Then they investigated the influences of different
growth conditions (growth temperature, Zn cell temperature,
oxygen flow rate and RF power) on the performances of the
three layers (ZnO nucleation layers, ZnO buffer layers and w-
ZnMgO layers).

W1=100 mm g=10 mm W2

Fig. 2. (color online) Schematic diagram of asymmetric electrodes and
MSM photodetectors.[42]

In order to improve the performance of w-ZnMgO pho-
todetector, various methods have been selected in recent five
years, such as the post-annealing process,[40,41] the new elec-
trode structure,[42] surface treatment,[43] etc.[44,45] Hou et al.
have improved the peak responsivity of w-ZnMgO photode-
tector from 0.22 A/W to 1 A/W by 400 ◦C annealing in ar-
gon atmosphere.[40] Chen et al. have investigated the influ-
ence of the electrode structure on the performance of MSM
photodetector.[42] They found that the MSM devices with
asymmetric Au electrodes can work without biases. The
schematic structures of the asymmetric electrodes are shown
in Fig. 2: one Au interdigitated electrode with wide fingers
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and the other one with narrow fingers. Interestingly, with in-
creasing the asymmetric ratio (the ratio between the width of
wide fingers and the width of narrow fingers) of the interdigi-
tated electrodes, the responsivity of the ZnO self-powered UV
photodetectors was enhanced obviously, reaching as high as
20 mA/W when the asymmetric ratio was 20:1. The origin of
the photoresponse at 0 V should be associated with the asym-
metric electric potential distribution in ZnO film and the accu-
mulated and trapped holes at the Au/ZnO interfaces. The find-
ings in this work provide a new route to realizing self-powered
photodetectors.
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Fig. 3. (color online) (a) Structure of NPB. (b) Schematic diagram of
ZnMgO PN-heterojunction photodetector with P-type organic semicon-
ductor. (c) Responsivity curve of the photodetector.[46]

PN-junction photodetector is supposed to be the most
suitable choice for future applications in consequence of its
fast responding speed, low dark current, and working without
applied bias. However, P-type doping is still a big challenge to
ZnO-based semiconductor. Thus, P-type organic semiconduc-
tor has been taken into account to realize PN-heterojunction
photodetector on ZnO-based film.[48,49] In 2012, N, N’-bis
(naphthalen-1-y1)-N, N’-bis (pheny)ben-zidine (NPB), which
is usually used as hole transporting layer for its high hole
mobility of (2–4)×10−4 cm2/(V·s) and hole concentration of
∼1014 cm−3, was selected to fabricate a heterojunction pho-
todetector by Hu et al. (Fig. 3(a)).[46] The dark I–V curve
of the detector indicated that the device has a good rectifying
property and a relatively low dark current (Id: 3× 10−10 A).

The responsivity of this device was 0.192 A/W at 340 nm and
−1-V bias (Fig. 3(c)). Just as mentioned above, the fabrication
of high quality, stable and repeatable P-type ZnO-based film
still faces a big challenge, but great progress has been made
through persistent efforts.[50–52] In 2015, Shan et al. used
MBE to prepare high quality p-type films by employing the
Li, N co-doping method. The hole concentration and Hall mo-
bility were 3.6×1016 cm3 and 3.2 cm2/(V·s), respectively.[47]

Based on this, P-ZnMgO/I-ZnO/N-ZnO quasi-homojunction
detectors were demonstrated with a cutoff wavelength of
379 nm. The I–V curve of the device showed obvious rec-
tifying diode behavior in a dark environment with a turn-on
voltage of around 6.2 V (Fig. 4). The peak responsivity at
362 nm increased linearly from 7.8×10−4 A/W to 0.22 A/W
with increasing the bias from 0 V to 5 V. The rise time of de-
tectors was 0.32 ms and the fall time was less than 10 ms.
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Fig. 4. (color online) I–V curve of P-ZnMgO/I-ZnO/N-ZnO quasi-
homojunction detector. The insert is the schematic diagram of the de-
vice structure.[47]

As is well known, the ozone layer in the upper atmo-
sphere can block a part of UV radiation from the sunlight with
the wavelength between 220 nm and 280 nm, which is thus
usually called solar-blind UV region. Therefore, without any
interference from the sun, solar-blind UV photodetector has a
higher accuracy and sensitivity, which can work in all weather.
For w-ZnMgO film materials as mentioned in Section 1, phase
separation appears naturally when the components of Zn and
Mg are similar (Fig. 1(c)). Therefore, it is difficult to realize
high quality single phase w-ZnMgO solar UV photodetectors.

In order to extend the band gap of w-ZnMgO into the
solar-blind region, different methods have been selected.[53]

Using a suitable substrate or buffer layer is an effective way
to avoid phase separation. In 2011, Zheng et al. prepared
Zn0.51Mg0.49O on the ZnO substrates by reactive magnetron
co-sputtering method. Only one peak was observed around
260 nm with a peak responsivity of 304 mA/W at 10-V
bias.[54] Recently, a high quality single phase Zn0.54Mg0.46O
film was successfully fabricated by Schoenfeld et al. on the
sapphire substrate by introducing a ZnO buffer layer through
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using the rf-MBE.[36] Based on this film, Schottky photode-
tector has been demonstrated with a dark current of 2.7 µA at
5-V bias. The device showed a solar-blind UV response with
a response peak at 265 nm. And the peak responsivity at 5-V
bias was 201 A/W (see Fig. 5), which has been the highest re-
sponsivity of w-ZnMgO solar-blind UV photodetectors up to
now. It is worth noting that a shoulder appeared near 310 nm–
375 nm in the response spectrum, which should be related to
the ZnO buffer layer.

Just as mentioned above, ZnO substrate or buffer layer
usually has a response in the visible blind UV region, which
could reduce the performance of solar blind UV photodetec-
tor. In order to resolve this problem, Liang et al. firstly grew
a thin Be film on the Si substrate and a high Mg content w-
ZnMgO film was subsequently prepared on it by rf-MBE.[55]

In the process of preparing film, Be was oxidized into BeO,
which is wurtzite structure serving as a buffer layer in favor
of preventing phase separation of the w-ZnMgO film. Fi-
nally, a ZnMgO/BeO/p-Si heterojunction detector was fabri-
cated. The I–V curve of the device displayed a good rectifi-
cation as shown in Fig. 6(a). The dark current was 2 nA at
−3-V bias and the rectification ratio was about 300 at ±3 V.
The cutoff wavelength was 280 nm and the peak responsivity
was 11 mA/W at 0.5-V bias (Fig. 6(b)). After that, some other
researches about BeO buffer layers were also reported.[56,57]
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Fig. 5. (color online) Responsivity of Zn0.54Mg0.46O MSM photode-
tector with 10-µm finger gap at 5-V bias. The inset shows the log plot
of the responsivity curve at different biases.[36]

In brief, introducing a ZnO or BeO buffer layer is an
effective and common method to synthesize high quality w-
ZnMgO film with the band gap in the solar blind region. How-
ever, some disadvantages still exist. ZnO buffer layer usually
produces additional response in the visible blind UV region,
and BeO has strong toxicity, which is harmful to both humans
and the environment. Besides, w-Zn1−xMgxO films with x ex-
ceeding 0.55 have not been reported so far to our knowledge.
Other efforts were also made to prepare high Mg-component
single phase w-ZnMgO film, such as using high Mg compo-
nent ZnMgO targets in sputtering methods,[41,58] increasing
Mg RF power with two pure metal targets(Mg and Zn),[59] or
utilizing annealing treatment.[60] But these methods still need

further investigating. Therefore, more efforts need to be made
to fabricate the high Mg content w-ZnMgO.
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Fig. 6. (color online) (a) I–V curve of high Mg component w-
ZnMgO/BeO/Si heterojunction detector. The inset shows the schematic
diagram of the device. (b) Response spectrum of the device. The in-
set is the reflectance spectrum. (reproduced from Ref. [55], with the
permission of AIP Publishing.)[55]

3. Cubic-ZnMgO photodetectors
In Fig. 1(c), it can be clearly found that the bandgap of c-

ZnMgO is larger than that of w-ZnMgO. Additionally, accord-
ing to the phase diagram of MgO-ZnO, solid solubility of ZnO
in MgO is higher than that of MgO in ZnO, so the tuning of
the composition and the bandgap of c-ZnMgO should be eas-
ier. Therefore, c-ZnMgO films have been widely investigated
for the applications in solar blind UV photodetectors.[61–63]

In 2014, Schoenfeld et al. have grown a series of high
quality c-ZnMgO films on the c-face sapphire substrates by
MBE through using MgO as buffer layers.[36] The effects of
the growth conditions (such as oxygen plasma power, oxy-
gen flow and Mg cell temperature) on the properties of Zn-
MgO films and their photodetectors have been investigated. It
can be found that the roughness and the bandgap of the film
decreased with increasing the oxygen plasma power, while
the growth rate and responsivity increased. When the oxy-
gen plasma power was above 375 W, phase separation ap-
peared. With the increase of oxygen flow rate from 0.5 sccm to
2.5 sccm, the growth rate increased, while the bandgap of Zn-
MgO decreased without any phase separation. Increasing Mg
cell temperature could increase the roughness, Mg concentra-
tion and the growth rate of ZnMgO films. And when Mg cell
temperature was set to be between 350 ◦C and 370 ◦C, phase
separation appeared. Based on these ZnMgO films, the MSM
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photodetectors were fabricated and investigated. It could be
found that the increase of plasma power or the decrease of
Mg cell temperature can increase the responsivity of the de-
vice. In addition, increasing the oxygen flow rate could also
increase the responsivity slightly. After that, Tian et al. grew
c-ZnMgO films on quartz substrates by RF magnetron sput-
tering method.[41] And they have investigated the influence of
annealing treatment on the properties of c-ZnMgO film and
the corresponding photodetector. They found that Mg compo-
nent decreased slightly after annealing at 500 ◦C. Interestingly,
the device based on the as-grown c-ZnMgO did not show any
photoresponse, but the annealed c-ZnMgO photodetector had
an obvious response to solar-blind UV light with a peak re-
sponsivity of 0.53 mA/W at about 250 nm. Recently, Fan et
al. have grown a c-ZnMgO film with a bandgap of 3.9 eV on
a-face sapphire using a thin ZnMgO buffer layer by MBE.[64]

To our knowledge, its bandgap is narrower than any other
bandgap of c-ZnMgO film reported till now. Au interdigital
electrodes with different finger gaps (g) were fabricated on c-
ZnMgO film to realize MSM structure photodetectors. The
dark currents of the devices with g = 2 µm, 5 µm, and 10 µm
were 3 pA, 2.3 pA, and 1.7 pA at 10 V, respectively. All de-
vices showed a response peak at about 302 nm with a cut-off
edge around 320 nm, indicating that the devices were UVB
photodetectors (Fig. 7(a)). The peak responsivities of the de-
vices with g = 2 µm, 5 µm, and 10 µm were 5.188, 0.428,
and 0.022 A/W at 10 V, respectively. The maximum values
of responsivity were linearly related to the bias from 10 V to
30 V for all devices (Fig. 7(b)). And the slope of peak re-

sponsivity as a function of voltage was inversely proportional
to the square of the finger gap as shown in Fig. 7(c). In addi-
tion, the peak responsivity was 31.575 A/W at 30-V bias with
g= 2 µm, corresponding to an internal gain of about 127. And
its fall time from 90% to 10% was about 24 µs.

Owing to the small lattice mismatch between c-ZnMgO
and MgO, Han et al. have attempted to grow c-ZnMgO films
on the MgO substrates to improve the crystal quality by
MOCVD in 2011.[65] The peak responsivity was 129 mA/W at
238 nm at 15-V bias. And the cutoff wavelength was 253 nm,
with the rejection ratio (R24 0nm/R400 nm) about 4 orders of
magnitude. After that, Boutwell et al. have grown c-ZnMgO
films on the MgO substrates by MBE.[66] The effects of sub-
strate temperature and Mg source flux on the properties of c-
ZnMgO films have been investigated. The phase separation
appeared with the substrate temperature below 475 ◦C or with
the Mg cell temperature lower than 360 ◦C. With increasing
the substrate temperature from 400 ◦C to 500 ◦C, Mg com-
ponent of c-ZnMgO increased and the crystal quality turned
better. It was explained that at a high substrate temperature Zn
may be desorbed from the substrate surface before it can be
stably bonded into the crystal because the enthalpy of forma-
tion for ZnO is lower than that for MgO. On the other hand,
when Mg source temperature increased to 360 ◦C, the defects
and the grain boundaries of c-ZnMgO films decreased, leading
to the response speed rising dramatically. Nevertheless, the re-
sponsivity decreased with increasing the substrate temperature
or Mg source flux.
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Fig. 7. (color online) (a) Responsivities of the MSM detectors with different finger gaps at 10-V bias. (b) Peak responsivity as a
function of the bias on the devices with different finger gaps. (c) Slope of the plot in panel (b) as a function of 1/g2. (d) Photocurrents
as a function of light intensity with different finger gaps at 30-V bias.[64]
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Although c-ZnMgO photodetectors have unique advan-
tages, such as easy-to-realize solar-blind devices and low dark
current, the relatively low responsivity hinders them from be-
ing practically applied.[63,67] In 2014, Xie et al. increased the
responsivity of c-ZnMgO photodetector by means of Ga dop-
ing through using MOCVD.[68] The responsivity of Ga-doped
device was 50 times higher than that of the undoped one at
265 nm under 10-V bias. Subsequently, they have also re-
ported a C-ZnMgO/I-MgO/P-Si solar blind photodetector with
high gain via constructing graded-band-gap.[69] The device
showed significant rectifying characteristics in dark with a
turn-on voltage of about 2 V. The peak responsivity at 240 nm
was 1160 mA/W with a cutoff wavelength of about 280 nm
at 6-V reverse bias (Fig. 8(b)). And the corresponding quan-
tum efficiency was around 600%. The fall time was gradually
shortened with increasing bias. As the bias was beyond 4 V,
the fall time was stabilized at about 15 µs due to carriers reach-
ing their saturation velocity.

In short, c-ZnMgO has big potential applications as solar-
blind UV photodetectors. However, compared with w-ZnMgO
films, the c-ZnMgO films are investigated very rarely. And al-
though various methods have been used to improve the respon-
sivity, the realization of c-ZnMgO photodetector with high re-
sponsivity is still a big challenge. In consequence, studies on
c-ZnMgO film photodetectors still have a long way to go.
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Fig. 8. (color online) (a) Responsivity curve and transmission spectrum
of the C-ZnMgO/I-MgO/P-Si photodetector. (b) Responsivity curves
with different external biases.[69]

4. Mixed-phase ZnMgO photodetectors
Large efforts have been devoted to the fabrication of high

quality single phase ZnMgO film in past years. M-ZnMgO
was regarded as byproducts of high quality single phase Zn-

MgO films. Notablely, the difference in bandgap c- and w-
ZnMgO are usually very large due to the fact that two phases
have different crystal structures and Zn/Mg ratios. Based on
this property, dual-band m-ZnMgO UV photodetectors have
been demonstrated by different methods.[70,71]

In 2012, Xie et al. reported a dual-band UV photode-
tector based on m-ZnMgO/I-MgO/P-Si double heterojunction,
which is fabricated by MOCVD.[72] The I–V curve showed
obvious rectifying characteristics with a threshold voltage of
about 2 V. Two response bands were observed in solar-blind
(∼ 250 nm) and visible-blind (∼ 330 nm) regions, respec-
tively. With increasing the reverse bias from 0 to 1.5 V, the
peak in the visible-blind region shifted from 325 nm to 350 nm
and the responsivity increased gradually. As for the peak in
the solar-blind region, the position and the responsivity only
showed a little change at different reserve bias voltages. In
the process of research on growing high quality c-ZnMgO
film by MBE method, Schoenfeld et al. have also reported
a series of m-ZnMgO UV photodetectors as byproducts of
c-ZnMgO devices.[36] They found that when oxygen plasma
power was lower than 375 W, or Mg cell temperature was be-
low 370 ◦C, or growth temperature was below 475 ◦C, phase
segregation appeared. It is noteworthy that the responsivi-
ties of these m-ZnMgO photodetectors in solar-blind region
were much higher than (3∼5 orders of magnitude) those of c-
ZnMgO ones, though they also had strong response in visible-
blind region. When Mg cell temperature was 325 ◦C, the peak
responsivity in the solar-blind region at 1-V bias was up to
462 A/W (Fig. 9(a)).
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Fig. 9. (color online) (a) Responsivities of m-ZnMgO photodetectors
at different Mg cell temperatures. (b) Peak responsivity varies with Mg
cell temperature.[36]
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Fig. 10. (color online) (a) I–V curve of m-ZnMgO MSM detector. The inset shows the schematic diagram of the device. (b) Response spectrum
of the m-ZnMgO detector with single response. The inset shows the spectral response on a logarithmic scale. (c) Peak responsivity as a function
of increasing bias.[73]
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Fig. 11. (color online) Energy band diagram and carrier transport pro-
cess of m-ZnMgO photodetector under different conditions: (a) in ther-
mal equilibrium, (b) under bias in dark, and (c) under bias with UV
illumination.[74]

Owing to a large difference in bandgap between c- and
w-ZnMgO, m-ZnMgO usually has two obvious absorption
edges: one is shorter than 280 nm and the other is longer than
300 nm, indicating that it is not suitable for solar-blind detec-
tion without external filter. Therefore, the investigation of high
performance m-ZnMgO UV photodetectors with single cut-
off wavelength in solar-blind region is required. By analyzing
the previous results, it can be found that two absorption edges
of m-ZnMgO should be strongly associated with their growth
substrates. More recently, using a-face sapphire (a-Al2O3) as
a substrate, Fan et al. have successfully demonstrated high-
performance m-ZnMgO UV photodetector with a single cut-
off wavelength in solar-blind UV region for the first time.[73]

The dark current was 0.25 pA at 5 V (Fig. 10(a)), which
was much lower than those of the most ZnMgO detectors re-
ported before. The single cutoff wavelength was observed to
be about 275 nm, and the peak responsivity at 260 nm was
about 1.664 A/W at 10 V as shown in the response spectrum
(Fig. 10(b)). Moreover, the rejection ratio (R260 nm/R400 nm)

was more than 3 orders of magnitude. The peak responsiv-
ity increased linearly with the bias rising from 5 V to 40 V
(Fig. 10(c)). Subsequently, they went deeper into high perfor-
mance single response m-ZnMgO UV photodetectors.[74] By
means of changing Mg source temperature of MBE, they fabri-
cated a series of m-ZnMgO UV photodetectors with the cutoff
wavelengths tuning from 280 nm to 330 nm. All the devices
had low dark currents and high responses. The schematic dia-
grams reasoning the low dark current and high responsivity are
shown in Fig. 11. Large amounts of heterojunctions between
w-ZnMgO and c-ZnMgO in the m-ZnMgO film should be the
reason for the ultra-low dark current. Under the radiation of
UV light, photogenerated holes are trapped at the interfaces
between w-ZnMgO and c-ZnMgO, prolonging their lifetimes.
The longer lifetime could increase the internal gain and then
increase the responsivity. The realization of high performance
m-ZnMgO photodetectors with single cutoff wavelength has
shown a promising prospect in solar and visible blind UV pho-
todetectors. It has profound significance in the field of ZnO-
based UV photodetectors. The performances of w-ZnMgO,
c-ZnMgO, and m-ZnMgO photodetectors reported in recent
five years are summarized in Table 1. In Table 1, it can be
found that low dark current and high responsivity make the m-
ZnMgO UV photodetectors stand out among the three kinds
of devices introduced in this review. Meanwhile, the response
time of m-ZnMgO UV photodetector is longer than that of c-
ZnMgO device, but is shorter than that of w-ZnMgO device.
Till now, quite few studies on m-ZnMgO have been reported to
our knowledge. Therefore, more theoretical and experimental
researches are demanded in the future.
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Table 1. Dark currents, peak responsivities, cutoff wavelengths, rejection ratios, rise times, and decay times of w-, c-, and m-ZnMgO UV photodetectors in
recent five years. (“–” denotes “not clear” or “not mentioned” in the article).

Dark current/pA Peak responsivity/(A/W) Cutoff wavelength/nm Rejection ratio Rise time (10%–90%)/µs Fall time (90%–10%)/µs Ref.

w-ZnMgO 7.67×103 (5 V) 34.02 310 2659.7 44.48 1.202×105 [31]
w-ZnMgO 0.73 (5 V) 2.133 (10 V) ∼ 350 5.46×105 ∼ 2×108 ∼ 6×107 [33]
w-ZnMgO 40 (10 V) – ∼ 350 ∼ 4800 2.8×107 4×106 [34]

w-Zn0.6Mg0.4O 700 (–3 V) 0.22 (–2 V) ∼ 300 ∼ 102 – 1×106 [40]
w-Zn0.6Mg0.4O 1.9×103 (−3 V) 1 (–2 V) ∼ 300 ∼ 102 – 108 [40]

w-Zn0.17Mg0.83O 5×109 (−10 V) 0.22 (5 V) 379 – 320 104 [47]

w-Zn0.5Mg0.5O 2×103 (–3 V)
0.013(1 V)

0.006 (–2 V)

208
301

∼ 102 105 105 [56]

w-Zn0.54Mg0.46O – 3.4 (10 V) 280 – – 482 [59]
c-Zn0.51Mg0.49O 3 (10 V) 5.188 (10 V) 320 – 24 [64]
c-Zn0.48Mg0.52O 16 (15 V) 0.129 (15 V) 253 ∼ 104 – 1.67 [65]

c-ZnMgO ∼ 2×105 (–9 V) 1.160 (6 V) 280 ∼ 102 15 – [69]
m-Zn0.38Mg0.62O 8.29 (40 V) 1.664 (10 V) 275 ∼ 103 – 1-2×106 [73]
m-Zn0.67Mg0.33O 78 (40 V) 434 (40 V) 330 ∼ 105 – 3.7×104 [74]
m-Zn0.59Mg0.41O 11 (40 V) 89.8 (40 V) 320 ∼ 105 – 3×104 [74]
m-Zn0.39Mg0.61O 4 (40 V) 3.7 (40 V) 280 ∼ 103 – 700 [74]

5. Conclusions and perspectives
In this review paper, we present the research progress in

the ZnMgO film UV photodetectors developed in recent five
years. Abundant achievements can be seen. The classifica-
tion, performance, and mechanism of ZnMgO photodetectors
have been summarized and reviewed. In this review, the Zn-
MgO photodetectors are divided into three types based on the
alloy structure, namely w-ZnMgO, c-ZnMgO, and m-ZnMgO
devices, which have been demonstrated using different prepa-
ration methods. The performance of ZnMgO photodetector is
strongly dependent on the alloy structure. For example, w-
ZnMgO photodetector usually has a high responsivity, but its
dark current is also very large. In contrast, although the dark
current of c-ZnMgO device is very small, its responsivity is
low. Interestingly, m-ZnMgO photodetector presents excellent
comprehensive performance (lower dark current and higher
responsivity) compared with single phase device. Although
great progress has been madein ZnMgO UV photodetectors
in recent years, the device performance is still far away from
the level of practical application. In addition, relatively weak
repeatability and also theoretical support still need further im-
proving. Therefore, more work needs to be done in the field
of ZnMgO UV photodetectors, such as fabricating the P-type
ZnMgO to realize PN-junction devices, improving the respon-
sivity of c-ZnMgO, reducing the dark current of w-ZnMgO,
realizing array devices, etc.
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