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Abstract
ZnMgO films are prepared by RF magnetron sputtering using a composite target and the Mg
composition of the samples can be controlled easily even at a high growth temperature. The
metal–semiconductor–metal photodetector based on the wurtzite Zn0.6Mg0.4O film exhibits a
very low dark current (5 pA at |Vbias| = 3 V) and a high UV/visible rejection ratio (more than
three orders of magnitude). The peak responsivity of the photodetector is at around 270 nm
and a very sharp cutoff wavelength is at a wavelength of about 295 nm corresponding to the
absorption edge of the Zn0.6Mg0.4O film.

(Some figures in this article are in colour only in the electronic version)

ZnO based materials have attracted considerable attention
in the last few years for their potential applications in
optoelectronic devices operating in the UV region [1–3]. As
a direct band gap material, ZnMgO is a strong candidate in
photodectectors for its high absorption coefficient and abrupt
absorption edge. Meanwhile, ZnO films prepared on lattice-
matched substrates have a relatively low dislocation density
and very high transmittance in the visible region. Furthermore,
ZnMgO materials have high radiation hardness [8] and tunable
band-gap energy (3.3–7.8 eV) [5–7]. These properties are
crucial for practical high-performance optoelectronic devices.
Solar or visible-blind Zn1−xMgxO photodetectors have been
fabricated on sapphire [4, 9], glass [4] and silicon substrates
[10, 11]. Photodetectors based on Mg0.68Zn0.32O/SrTiO3/Si
show peak photoresponsivity at 225 nm, but their UV/visible
rejection ratio is only one order of magnitude [11]. Prototype
Zn1−xMgxO UV photodetectors with different Mg contents
showed high photoresponsivities and sharp cutoffs at∼375 nm,
∼350 nm, ∼315 nm and ∼300 nm for the x values of 0,
0.10, 0.26 and 0.34, respectively [10]. Takeuchi et al have
fabricated monolithic multichannel ultraviolet detector arrays
and the peak response wavelength shifts with the increase in
the Mg mole fraction from 380 nm for ZnO to 288 nm for
wurtzite Mg0.38Zn0.62O [12]. In our previous work, the metal–
semiconductor–metal (MSM) structured Mg0.2Zn0.8O detector

and the Mg0.24Zn0.76O homojunction photodiode have been
fabricated with a cutoff wavelength of 350 nm and 345 nm,
respectively [13, 14]. However, no reports that the cutoff
wavelength (the peak response wavelength) is shorter than
300 nm (288 nm) can be found for the photodetectors based on
wurtzite ZnMgO. Furthermore, since Mg and Zn species have
different vapour pressures, Mg composition in the deposition is
difficult to control and usually larger than that in the precursor
target using pulsed laser deposition (PLD) [7].

In this paper, ZnMgO films were prepared by radio
frequency (RF) magnetron sputtering using a composite target
and the Mg composition in the samples can be controlled
easily. The Mg concentrations in the Zn1−xMgxO films
were determined by energy dispersive spectroscopy (EDS)
(GENESIS 2000 XMS 60S) attached to a scanning electron
microscope (HICACHI, S-4800). The Zn0.6Mg0.4O MSM
photodetector has been fabricated. The peak responsivity was
located at around 270 nm and a very sharp cutoff wavelength
at about 295 nm. Furthermore, the dark current of the
Zn0.6Mg0.4O MSM photodetector was lower than 200 pA
below 95 V.

ZnMgO thin films were prepared on quartz substrates
using an RF magnetron sputtering technique. A high-purity
ZnMgO ceramic plate was placed on a Zn metal disc, which
were employed as the precursor target. The sketch of the
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Figure 1. Schematic diagram of the composite ZnMgO–Zn target.

ZnMgO–Zn composite target is shown in figure 1. The Zn disc
was 90 mm in diameter, and the ZnMgO ceramic plate was
60 mm. The quartz substrates were cleaned using acetone and
ethanol for 5 min in an ultrasonic bath, followed by a de-ionized
water rinse. Quartz substrates were placed on the sample
holder which is parallel to the target. The distance between the
substrate and the target was 75 mm. The chamber was pumped
down to 10−4 Pa by a turbo molecular pump. The pressure in
the chamber was kept at 1.0 Pa during the film growth. The
RF power was kept at 100 W and the substrate temperature
at 400 ◦C during deposition. High-purity argon and oxygen
(99.999%) with a flow ratio of 7 : 1 acted as the ambient gas in
the sputtering process. The Mg/Zn atomic ratio in the films was
adjusted by changing the composition of the ZnMgO ceramic.
Compared with the conventional single ceramic target, our
composite target could easily control the Mg/Zn atomic ratio in
the films. This phenomenon can be explained by the fact that a
cover of Zn atoms was formed around the ZnMgO ceramic by
a Zn metal disc during sputtering, and this cover can maintain
the Mg/Zn atomic ratio in the films corresponding well to
the ZnMgO ceramic even at a high substrate temperature.
Therefore, in our work, the composition of the ZnMgO films
was insensitive to the growth temperature and can be controlled
easily.

Figure 2 shows the ultraviolet–visible absorption spectra
of Zn1−xMgxO films with different x values. The absorption
edge of pure ZnO was at about 385 nm, while that of
Zn0.6Mg0.4O at about 295 nm. In this region, the transmission
edge shifts by a total of 90 nm at the rate of about 18 nm
for every 8 mol% increase in Mg. The phase separation was
evident for compositions whose absorption edge was between
290 and 240 nm. In this region (shaded in the figure 2), double
absorption edges for each sample appeared, which may come
from the cubic and the wurtzite phase [12, 15]. Beyond the
phase separated region, the bandgap of cubic Zn1−xMgxO
could be tuned again until the composition of Zn1−xMgxO
approaches pure MgO.

Figure 3 showed the transmission and absorption spectrum
of the Zn0.6Mg0.4O film on quartz. It was clear from the
transmission spectrum that the sample had more than 80%
transmission in the visible region. The absorption spectrum
showed a strong absorption at 295 nm corresponding to a band
gap of 4.2 eV. The inset of figure 3 showed the x-ray diffraction

Figure 2. UV–visible absorption spectra of Zn1−xMgxO films on
quartz substrates with different Mg contents: a—ZnO,
b—Zn0.82Mg0.18O, c—Zn0.72Mg0.28O, d—Zn0.6Mg0.4O,
e—Zn0.5Mg0.5O, f—Zn0.45Mg0.55O, g—Zn0.4Mg0.6O and
h—Zn0.3Mg0.7O.

Figure 3. UV–visible absorption and transmission spectrum of the
Zn0.6Mg0.4O film and the inset shows the x-ray diffraction pattern.

pattern of the Zn0.6Mg0.4O film. The appearance of only the
(0 0 0 2) diffraction peak indicated that the film is highly c-axis
oriented and corresponds to the hexagonal wurtzite structure
of ZnMgO. No other phase can be observed.

The photodetectors based on the Zn0.6Mg0.4O film with
the metal–semiconductor–metal structure were fabricated
using standard semiconductor fabrication techniques. The
interdigital metal electrodes, which were defined on a 200 nm
Au layer by conventional UV photolithography and the lift-
off procedure, are 500 µm long and 5 µm wide, with a 5 µm
gap (shown in the left-top inset of figure 4). The typical I–V

characteristics of the Zn0.6Mg0.4O film based MSM detector
were measured by a semiconductor analyzer (Keithley 4200),
as shown in figure 4. The device exhibited a very low dark
current (lower than 200 pA for |Vbias| < 95 V), and it was not
broken down even when the applied bias voltage is larger than
100 V. The dark and photoilluminated I–V characteristics of
the Zn0.6Mg0.4O MSM planar device are shown in the right
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Figure 4. Dark current versus applied bias of the Zn0.6Mg0.4O
MSM photodetector. The left-top inset shows the microscope image
of the interdigitated electrode configuration of our MSM device.
The right inset shows the I–V curves of the device
(photoilluminated at 270 nm and dark).

Figure 5. The spectral response of the Zn0.6Mg0.4O UV detector
with a 5 µm finger pitch biased at 6 V. The inset shows the
responsivity at 270 nm as a function of reverse bias.

inset of figure 4. The wavelength of the illuminated light is
270 nm. Under 3 V bias, the dark current and photocurrent is
5 pA and 150 nA, respectively.

The spectral responses have been measured at different
bias voltages, and an example is shown in figure 5. The
device showed a peak response at about 270 nm, which was
in the solar-blind UV region. The cutoff wavelength is at
about 295 nm corresponding to the absorption edge of the
Zn0.6Mg0.4O film. The UV/visible rejection ratio is more
than three orders of magnitude. Furthermore, the detector

responsivity at 270 nm increases almost linearly with the bias
voltage, as illustrated in the inset of figure 5.

In summary, we have prepared ZnMgO films on a quartz
substrate by RF magnetron sputtering using a composite target
and the Mg composition of the samples can be controlled
easily, even at a high growth temperature. The MSM deep
ultraviolet photodetector based on the wurtzite Zn0.6Mg0.4O
film exhibits a peak responsivity at 270 nm and a very sharp
cutoff wavelength at around 295 nm. The Zn0.6Mg0.4O MSM
UV detector exhibits a very low dark current, a high breakdown
voltage and a high UV to visible rejection ratio.
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