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A Mg 48Zny 5,0 thin film was deposited on a sapphire substrate by metal-organic chemical vapor
deposition, and the thin film exhibits a single cubic phase with high crystal quality from X-ray diffraction
measurements. A metal-semiconductor-metal (MSM) structured photodetector was fabricated on the
film. The device exhibits a peak response of 268 nm with a cutoff wavelength at 283 nm. Rise and decay
times of 10 ns and 150 ns, respectively, are obtained with a load resistance of 50 2. The pulse response
for the device is limited by the RC time constant.
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1. Introduction

Solar-blind photodetectors are of great importance for their
versatile applications in missile warning and tracking, en-
gine/flame monitoring, chemical/biological agent detection, secure
intersatellite communications, and underwater/sub-marine com-
munication systems, etc [1-3]. Recently, wide band gap semi-
conducting materials, including GaN and ZnO, have received
much attention due to their high sensitivity in ultraviolet detec-
tion, and some progress milestones have been achieved in the
preparation of solar blind photodetectors based on these mate-
rials [4-8]. Compared with Schottky and pin structures, metal-
semiconductor-metal (MSM) photodetectors are an attractive
choice for solar-blind photodetectors considering their simplic-
ity in fabrication processes and suitability for monolithic integra-
tion [9]. Especially, the planar structure of MSM structure will
lead to an extremely low capacitance, which is eagerly wanted
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for large bandwidth and low-noise performance of photodetec-
tors [10]. Biyikli et al. have reported solar-blind AlGaN MSM pho-
todetectors with response times in the order of the picosecond
level [6]. However, the lack of lattice-matched substrates and rel-
atively high defect density limit the further development of AIGaN
based photodetectors [11]. Fortunately, MgZnO possesses unique
figures of merit for application in solar-blind photodetectors such
as large tunable band gap (3.3-7.8 eV) and low growth tempera-
ture (100-750 °C) [12]. In addition, the environmental friendly and
biocompatible characteristics make MgZnO alloys more attractive.
More recently, our group has reported that a series of MgZnO based
photodetectors covered the whole solar blind region [13], which
demonstrates the potential of cubic phased MgZnO films in solar
blind photodectors. However, a fast-response MgZnO based solar-
blind photodetector has not been reported yet.

In this work, single cubic phased Mgg 48Zng 5,0 thin films were
grown by metal-organic chemical vapor deposition (MOCVD), and
a MSM structured photodetector was fabricated on the film. A rise
and decay time of 10 ns and 150 ns, respectively, is obtained with
a load resistance of 50 2.
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Fig. 1. XRD spectrum of the Mgy 43Zng 5,0 thin film. The inset is a magnified profile
of the (111) peak.

2. Experiment

The MgZnO thin film was grown on a sapphire (0001)
substrate in a low pressure MOCVD technique. Diethylzinc,
biscyclopentadienyl-Mg, and oxygen were employed as precur-
sors, and high purity nitrogen acted as a carrier for the precursors.
The deposition temperature was fixed at 400 °C and the pressure
at 150 Torr. The composition of the MgZnO thin film was mea-
sured by a Hatachi S 4800 energy dispersive spectrometer. The
structure characterizations were carried out in a Rigaku D/max-RA
X-ray diffraction (XRD) employing the 0.154 nm line of Cu K« as
the radiation source. The transmission spectra were recorded us-
ing a Shimadzu UV-3101PC scanning spectrophotometer. An MSM
structured photodetector was fabricated from the MgZnO film ac-
cording to the following procedure: A 100 nm Au layer was evap-
orated onto the MgZnO film using a vacuum evaporation method.
Interdigital Au fingers were obtained through conventional pho-
tolithography and wet etching route. The Au fingers were 500 uwm
in length and 5 wm in width, and the interelectrode spacing was
5 pwm. The current-voltage characteristic of the device was mea-
sured by a semiconductor parameter analyzer (Keithely 2200). The
spectral response of the photodetectors was measured using a 150
W Xe lamp, monochromator, chopper (EG&G 192), and lock-in am-
plifier (EG&G 124A). The time resolved response of the photode-
tector was obtained using a YAG:Nd laser with a wavelength of
266 nm and a pulse width of 10 ns.

3. Results and discussion

The composition of the film determined by EDX is Mgg 48Zng s5,0.
The structural properties of the MgZnO film are shown in Fig. 1.
Only one diffraction peak is observed besides the diffraction from
the substrate. The peak at 36.58° corresponds to the (111) direc-
tion of MgZnO. Considering that the diffraction of MgO (111) is
at 37.04°, the shift towards the small angle side is due to Zn in-
corporation into MgO lattice. The XRD data reveals that the film
exhibits a single cubic phase with (111) orientation and no phase
separation occurs. According to the phase diagram of the ZnO-MgO
system [14], the cubic Mg,Zn,_,O films can keep stable in a solid
solution state when the Mg content isin the range 0.55 < x < 1for
the cubic phase and 0 < x < 0.02 for the hexagonal phase. And a
mixed phase exists when the x values are outside these two ranges.
However, it is known that the solid solubility can be significantly
modified in thin film form, and it also depends on the growth con-
ditions. For example, Koike and Yang et al. have demonstrated that
the MgZnO thin films with a pure hexagonal phase can be obtained
with a Mg content of over 30% and 34% by MBE and PLD techniques,
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Fig. 2. I-V characteristic of the Mgg 43Zng 5,0 MSM photodetector in dark. The
inset is a schematic illustration of the interdigital fingers.

respectively [15,16]. Furthermore, Takeuchi et al. have deposited a
single cubic phased MgZnO thin film with a Mg content of 50% on a
ZnO substrate by the PLD technique [17]. In our case, the relatively
low substrate temperature (400 °C) makes kinetics instead of ther-
modynamics dominate the growth process. Thus most radicals do
not have enough energy to reach their energy-minimum sites. As
aresult, single-phased cubic Mgy 43Zng 5,0 film has been obtained.
The full width at half maximum (FWHM) of the (111) diffraction
peak of the Mgg 43Zng 5,0 film is 0.17°, as shown in the inset of
Fig. 1. The narrow width indicates the high crystal quality of the
Mg0<4ano.520 film.

A schematic illustration of the interdigital Au electrodes of
the MgZnO MSM photodetector is shown in the inset of Fig. 2,
where the active area of the device is located in the vicinity of
the interdigital Au fingers. The typical dark current-voltage (I-V)
characteristics of the MgZnO thin film based MSM photodetectors
are shown in Fig. 2. At a bias voltage of 10 V, the dark current
of the photodetector is about 6.5 pA, which is comparable to
the corresponding value (10 pA at 30 V bias) reported in a
MSM structured AlGaN solar-blind photodetector [18]. The device
exhibits no clear signals of breakdown up to a bias voltage of 100
V. The low dark current in the MSM detectors was believed to
be attributed to the good crystalline quality of the MgZnO thin
film. Moreover, the nonlinear I-V characteristic, also found in GaN,
AlGaN MSM photodetectors [6,19], demonstrates the Schottky
barrier in the MgZnO MSM photodetector.

The spectral response of the MgZnO photodetector is present in
Fig. 3. The peak photo-response of the device is located at 268 nm
unchanged at different voltages, which is perfectly consistent with
the absorption spectrum of the MgZnO films (not shown here).
The maximum photo response is 16 mA/W at 20 V bias and an
external quantum efficiency of 7% is achieved for the device. The
cutoff wavelength of the photo response is fixed at 283 nm for
the MgZnO based MSM photodetector which indicates the solar
blind property of the device. A rejection ratio (Rass nm/R350 nm) Of
more than 3 orders of magnitude is obtained for the photodetector
from the inset, indicating the high long-wavelength rejection
power. In addition, a gradual response can also be found in the
greater wavelength region, which may result from the composition
fluctuations in the MgZnO thin film. A similar phenomenon was
also found in AlGaN solar blind MSM photodetectors with a high
Al content [20].

Fig. 4 shows the pulse response data of the device. The
photodetector was connected in series with a load resistor (R, =
50 ) at a bias voltage of 30 V. The photo response signal was
collected from the device irradiated by the 266 nm laser pulse.
From the figure, the measured pulse response of the MgZnO MSM
photodetector shows a short rise time and a relatively long fall
time. The rise time of the device is 10 ns which is limited by the
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Fig. 3. The spectral response of the Mg 43Zng 5,0 MSM photodetectors at different
bias voltage. The inset is a logarithmic response spectrum at 5 V bias.
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Fig. 4. The pulse response of the Mg 43Zng 5,0 MSM photodetectors and a first
order exponential fit of the data. The inset is the detailed rise time of the device
pulse response.

100 |

10 |

Decay time constants (us)

v  Experimental data

041 | Linear fit

al " PP | PR | PRI |
01 1 10 100

Load resistance (k)

Fig. 5. The dependence of decay time on the load resistance for the device.

excitation laser (nominal pulse duration of 10 ns) as shown in the
inset. Therefore, the response time of the device is determined
by the decay component of the pulse response. In the figure, the
experimental data fits well using the exponential curve, where the
decay is derived to be 150 ns. This is the first report on the time-

resolved response of solar blind MgZnO based photodetectors to
the best of the authors’ knowledge.

The decay time of the MSM photodetector may be determined
by two mechanisms: the carrier transit across the finger gap and
the RC time constant, where C is the sum of the diode internal
capacitance and the load capacitance, and R is the sum of the
load resistance (R;) and the series resistance of the device (Rs).
Obviously, the RC time constant is linear with the load resistance
(R) and the ratio is the capacitance (C). In order to analyze the
mechanism in the decay component of the pulse response, we
measured the response time of the photodetector with different
load resistances as shown in Fig. 5. As seen, the decay time is
linearly dependent on the load resistance due to a good linear fit
of the experiment data. Therefore, we believe that pulse response
of the Mgg 43Zng 5,0 MSM photodetector is RC time limited, and
more details will be needed further.

4. Conclusion

In summary, a single phased cubic Mgy 43Zngs,0 thin film
has been prepared on sapphire substrates by MOCVD, and the
MSM structured photodetector fabricated on the film shows a
low dark current of 6.5 pA at 10 V bias. A maximum responsivity
of 16 mA/W is obtained at 268 nm with cutoff wavelength at
283 nm, corresponding to an external quantum efficiency of 7%.
Especially, the rise and decay time of the device is 10 ns and 150 ns,
respectively, with a load resistance of 50 2, which is the first
response time ever reported in MgZnO solar-blind photodetectors.
The pulse response of the device is limited by the RC time constant.
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