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A series of Mg,Zn,_,O thin films has been prepared by metalorganic chemical vapor deposition and
metal-semiconductor-metal structured ultraviolet photodetectors are fabricated from these films. The
cutoff wavelengths of the photodetectors can cover the whole solar-blind spectrum range (220-280
nm) by varying Mg content in the Mg,Zn,_,O thin films. As a representative, the photodetector
fabricated from Mg, s,Zn, 430 shows an ultraviolet/visible rejection ratio of about four orders
of magnitude, and the dark current is 15 pA at 10 V bias. These results demonstrate that
high-performance photodetectors operating in the whole solar-blind spectrum range can be realized
in Mg,Zn,_,O films. © 2008 American Institute of Physics. [DOL: 10.1063/1.3002371]

Photodetectors working in solar-blind spectrum range
(220-280 nm) have very high sensitivity since the interfer-
ence from the solar irradiation is greatly suppressed.
Therefore, there has been great interest in the develoPment
of solar-blind photodetectors in the past years.l_ The
interest comes partly from the versatile applications of
such photodetectors in many areas such as flame detection,
missile plume sensing, and convert space-to-space
communications.”™'" In this subject, wide band gap semicon-
ductors have been the strongest candidates because they can
offer facilities with neat size, high efficiency, and low
cost.'2 Among the frequently studied wide band gap semi-
conductors, GaAIN alloys have been highlighted for their
tunable band gaps and high absorption coefficient.”*™"> How-
ever, the lack of lattice-matched substrate and relatively high
defect density limit the further development of GaAIN based
photodetectors.16 MgZnO possesses unique figures of merits
for application in ultraviolet (UV) photodetectors such as
large tunable band gap (3.3-7.8 e¢V) and low growth tem-
perature (100-750 °C)."7 In addition, the environmental-
friendly and biocompatible characters make MgZnO alloys
more attractive. However, only one report on the MgZnO-
based photodetectors operating in solar-blind range can be
found to the best of our knowledge.18 The cutoff wavelength
of the photodetector is at 230 nm, and the UV/visible
rejection ratio, which reflects the signal/noise ratio of photo-
detectors, is only one order of magnitude, revealing that the
performance of such photodetector has much room to be
improved.

In this letter, the authors report on the fabrication of a
series of Mg, Zn;_,O metal-semiconductor-metal (MSM)
structured photodetectors, and their cutoff response wave-
length can be varied from 225 to 287 nm by changing the
Mg content in the alloy films. Namely the response of the
photodetectors fabricated from MgZnO can cover the whole
solar-blind spectrum range. As a representative, the photode-
tector with Mg content of 52% shows a high rejection ratio
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of four orders of magnitude, and the dark current is 15 pA at
10 V bias, comparable to the corresponding values reported
in GaAIN photodetectors.

The Mg,Zn;_ O thin films were prepared on sapphire
substrates in a metalorganic chemical vapor deposition
(MOCVD) technique. Diethylzine, biscyclopentadienyl-Mg,
and oxygen were employed as the precursors, and high pu-
rity nitrogen act as a carrier for the precursors. The growth
temperature was fixed at 450 °C and the pressure at 2
X 10* Pa. Mg, Zn,_,O with different Mg content (0.5<x
<0.7) was obtained by changing the mole ratio of Zn and
Mg precursors. The thickness of thin films is about 350 nm.
Without any surface treatment, a 100 nm Au layer was
evaporated onto the MgZnO films using a vacuum evapora-
tion method. MSM structured photodetectors were fabricated
based on these films through conventional UV photolithog-
raphy and wet etching route.

The composition of the Mg,Zn;_,O thin films was mea-
sured by energy dispersive x-ray spectrometer. The structure
characterizations were carried out in a D/max-RA x-ray dif-
fraction (XRD) (Rigaku) with Cu Ka 0.154 nm line as the
radiation source. The transmission spectra were recorded us-
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FIG. 1. (Color online) XRD patterns of the Mg, Zn,_ O films with Mg
compositions of 0.50, 0.52, 0.55, 0.62, and 0.70, respectively.
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FIG. 2. (Color online) Transmission spectra of Mg, Zn,_ O thin films
(x=0.50, 0.52, 0.55, 0.62, and 0.70). The inset is a plot of (a/v)? vs hv that
gives the band gaps of these films.

ing a Shimadzu UV-3101PC scanning spectrophotometer.
The spectral responsivity of the photodetectors was mea-
sured using a 150 W Xe lamp, monochromator, chopper
(EG&G 192), and lock-in amplifier (EG&G 124A). The dark
current was measured by a Hall measurement system (Lake
Shore 7707).

The structural properties of the Mg,Zn,_,O thin films
(with x=0.50, 0.52, 0.55, 0.62, and 0.70) assessed by XRD
and the diffraction patterns of the films are shown in Fig. 1.
Besides the peak from the sapphire substrate, only one peak
located at around 37° can be observed for all the samples,
and this peak can be attributed to the diffraction from (111)
facet of cubic MgZnO alloys (JCPDS Card No. 87-0653)."
With increasing Mg content, the (111) peak shifts to large-
angle side, indicating the incorporation of Mg into the lattice
of ZnO.” The absence of the characteristic peaks of wurtzite
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FIG. 3. (Color online) Schematic of MSM structured Mg, 5,Zn 45 photode-
tector. The Au fingers are 500 wm long and 5 um wide, and the interelec-
trode spacing is 2 um.
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FIG. 4. (Color online) (a) Response spectrum of Mg 5,Zn, 40 solar-blind
photodetector under 10 V bias, the inset shows the responsivity as function
of bias voltage under 250 nm light illumination. (b) Dark current of the
Mg 5,Zn,, 440 photodetector as a function of bias voltage.

structure indicates that the films have preferred (111) orien-
tation without phase separation.

Figure 2 shows the transmission spectra of the
Mg,Zn,_,O films. The inset is a plot of (ahv)? versus hv
from which the band gaps of the films can be derived. All the
samples show sharp absorption edge and high transmittance
of about 90% in the visible spectrum region. With decreasing
Mg content, the absorption edge shifts from 220 to 260 nm.
No multi-absorption-edge, a typical characteristic of phase
separation, is observed for all the samples, which confirms
that phase separation that is frequently observed in MgZnO
alloys with high Mg content does not occur in our case. The
absence of phase separation promises that high-performance
photodetectors can be obtained on these films. The exact
reason for the absence of phase separation is not clear, but it
may be related to the fact that MOCVD is a nonequilibrium
growth technique, the relatively low growth temperature em-
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FIG. 5. (Color online) Normalized response spectra of Mg,Zn,;_O photo-
detectors with x=0.50, 0.52, 0.55, 0.62, and 0.70. The inset shows the cutoff
wavelength of the photodetectors as a function of Mg content.

ployed (450 °C) makes kinetics instead of thermodynamics
dominate the growth process. In this case, most radicals do
not have enough time to reach their energy-minimum sites.
As a result, single-phased metastable cubic MgZnO films
have been obtained.

Figure 3 shows a schematic of the MSM structured pho-
todetectors made from the MgZnO films. Interdigital Au fin-
gers are deposited onto the MgZnO films as electrodes. The
Au fingers are 500 um in length and 5 um in width, and
the interelectrode spacing is 2 um. In order to characterize
the performance of the photodetectors, Mg 5,Zn, 4,40 photo-
detector is selected as a representative. The typical respon-
sivity curve of the Mg 5,Zn, 440 photodetector is shown in
Fig. 4. The peak responsivity is about 0.1 mA/W at 250 nm,
and the cutoff wavelength is located at 273 nm. The inset in
Fig. 4(a) shows the responsivity of the photodetector as a
function of bias voltage. A linear relationship is observed
from 0 to 30 V, indicating no carrier mobility saturation or
sweep-out effect occurs up to 30 V bias.”! In addition, the
UV/visible rejection ratio (R250 nm/R400 nm) of the photo-
detector is about four orders of magnitude, as shown in the
response spectra, which indicates that the photodetector ex-
hibits relatively high signal-to-noise ratio. The dependence
of the dark current on the bias applied is shown in Fig. 4(b).
It is shown that the dark current is 15 pA under 10 V bias,
which is comparable to the corresponding value reported in
MSM structured GaAIN solar-blind photodetector (10 pA at
30 V bias).”

The response spectra of the Mg,Zn,_,O photodetectors
with different Mg content are shown in Fig. 5. It is noted that
all the photodetectors have an UV/visible rejection ratio of
about four orders of magnitude. For clarity, all the spectra
have been normalized. The inset shows the cutoff wave-
length of the photodetectors as a function of the Mg content.
As shown in the figure, the cutoff wavelength can be varied
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from 225 to 287 nm by changing the Mg content from 0.50
to 0.70, which covers the whole solar-blind spectrum range.
In conclusion, metastable cubic Mg,Zn;_O thin films
with Mg content from 0.5 to 0.7 have been prepared by
MOCVD. A series of solar blind UV photodetectors with
their cutoff wavelength varying from 225 to 287 nm has been
realized based on these thin films. The representative solar-
blind photodetector shows a UV/visible rejection ratio of
about four orders of magnitude and a dark current of 15 pA
under 10 V bias. The results reported in this letter indicate
that high performance photodetectors with cutoff wavelength
covering the whole solar-blind range can be realized on
Mg,Zn,_,O by proper adjusting the Mg content.
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