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Mgo.05Zn0.950 nanowall networks ultraviolet (UV) photodetector was fabricated on Si(11 1) by plasma-
assisted molecular beam epitaxy. Based on the Mgp05Znp950 nanowall networks, planar geometry
photoconductive type metal-semiconductor-metal photodetector was fabricated. At 5V bias, the peak
responsivity of 24.65 A/W was achieved at 352 nm, corresponding to an external quantum efficiency of
~8490%. Such high external quantum efficiency was attributed to the photoconductive gain, which can
be explained by the presence of oxygen-related hole-trap states at the nanowall surface. The response
time of 25 ms was determined by the measurements of photocurrent versus modulation frequency.

Published by Elsevier B.V.

1. Introduction

In the past years, much effort has been devoted to research on
MgZnO material system for their promising optoelectronic appli-
cation in ultraviolet (UV) regions [1-3]. A number of reports on
photoconductive [4], MSM [5], and p-n junction [6] UV detectors
have been reported in the literature. While the vast majority of
these photodetectors were fabricated from epilayers grown on sap-
phire substrates by pulse laser deposition (PLD) [5,7], only a few
utilized on Si as the substrate [8] and fewer grew epilayers by
molecular beam epitaxy (MBE). Nevertheless, the use of silicon
offers many benefits: large area, low-cost, highly perfect substrates
are readily available, a very sophisticated backside process technol-
ogy has been developed over many years, and thermal expansion
mismatch between detector arrays and read-out electronics would
be mitigated.

The photodetectors based on nanostructure materials usu-
ally present high responsivity, which is attributed to the large
surface-to-volume ratio, and photoconductive gain. ZnO-based
nanostructures are regarded as one of the most promising mate-
rials for UV photodetectors [9,10]. No information can be found on
MgZnO nanostructures UV photodetectors on Si substrates, to the
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best of our knowledge. In this letter, we report on the MgyZn;_xO
nanowall networks on Si(11 1) by MBE. MgxZn;_,0O nanowall net-
works MSM photodetectors are fabricated, and the resultant optical
and electrical properties of the photodetectors are also discussed.

2. Experiments

The growth was carried out using a MBE system equipped with
Knudsen cell for a Zn solid source (99.9999%) and an Mg solid
source (99.999%) and radio frequency (RF) plasma source for oxy-
gen. The background vacuum of the growth chamber was about
1 x 10~7 Pa with a liquid nitrogen supply. During the growth, the
RF power of oxygen plasma was 300 W, the flow rate was kept at
2.0 sccm, and beam fluxes pressures of Zn and Mg were 3.0 x 103
and 2.0 x 107> Pa, respectively. Epitaxial layer growth was per-
formed at a substrate temperature of 600 °C, and the temperature
was monitored using pyrometer. In order to obtain a clean fresh sur-
face, the Si substrate was etched in H,O:HCl:H, 0, (1:3:1) solution,
and then oxide was removed in a dilute HF water solution.

X-ray diffraction (XRD) spectra were collected with a
D/max — RA X-ray spectrometer (Rigaku International Corp., Japan)
with CuKa radiation of 1.543 A to obtain the structural informa-
tion. The surface morphology was observed by using a A Hitachi
S$4800 scanning electron micrograph (SEM). The current-voltage
(I-V) characterization was measured by a Hall effects measurement
system.

A standard lock-in amplifier technique was employed for the
spectral response measurements, where a 150 W xenon lamp was
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Fig. 1. FE-SEM image of PAMBE-grown MgZnO nanowall networks on Si(111) sub-
strate. The inset shows the cross-sectional FE-SEM image of the MgZnO nanowall
networks on Si(11 1) substrate.

used. The photodetector was illuminated from the front side. Using
an intensity-modulated optical signal, which was produced using
a mechanical chopper in the beam path of the xenon light, the
response time of the photodetector was also measured.

3. Results and discussion

Fig. 1 shows field-emission scanning electron microscope (FE-
SEM) image of MgZnO nanowall networks grown on Si(111)
substrate. In the SEM image for the sample, the wall structure
on the substrate was observed, and that the inner diameters of
the nanowalls typically range from 100 to 500 nm. A large num-
ber of nanowalls with extremely small thicknesses were below
25nm. It should be pointed out that the average thickness of
MgZnO nanowall networks is much smaller than that in the previ-
ous reports [11]. As shown in the inset of Fig. 1, an MgZnO thin film
with an average thickness of 600 nm formed between the Si(111)
substrate and MgZnO nanowalls.

Fig. 2 shows the X-ray diffraction (XRD) of MgZnO film grown
on Si(11 1) substrate. The appearance of only (000 2) peak in Fig. 2
indicates that the film is highly c-axis oriented and corresponds to
(0002) orientation of the MgZnO hexagonal structure. The XRD
spectrum of pure ZnO has also been shown for comparison. It
should be noted that the full-width-half-maximum (FWHM) of our
MgZnO XRD peak is 0.2°. Such small XRD FWHM suggests that the
crystal quality of our MgZnO film was reasonably good. In order

1.0

08

0.6

0.4

Intensity (a.u.)

0.2

0.0
32

38

34 36
20 (degree)

Fig. 2. XRD spectra of the MgZnO nanowall networks and pure ZnO on Si(111)
substrate.
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Fig. 3. Schematic full view of the interdigitated contacts including the values of the
finger width and the pitch.

to better understand the Mg composition in the MgZnO nanowall
networks and the MgZnO thin film, energy-dispersive X-ray spec-
troscopy (EDS) measurements for the above areas were carried out.
It was observed that the Zn/Mg ratio in both areas were almost the
same, and the Mg composition in the nanowall networks is about
5%.

The MSM structure was fabricated on Mgg o5Zng 950 nanowall
networks using an interdigitated electrode mask set. Schematic
full view of the interdigitated electrodes is shown in Fig. 3. The
electrode fingers are 5 um wide, 500 wm long, and on a pitch of
2 pm. A 200 nm thick Au was deposited by using vacuum resistance
evaporation with a growth rate of approximately 50 nm/min. The
MSM electrodes were then fined by a lift-off process. After further
lithography, a 500 nm thick indium layer was deposited by vacuum
resistance evaporation. The I-V characteristics of the contacts were
measured to be linear, indicating that they were Ohmic contacts, as
showninFig. 4. The -V curve under illumination at 360 nm was also
shown for comparison. The typical resistance without illumination
of the Mgg g5Zng 950 photodetetor was about 2 k2. Furthermore,
the results of Hall measurement also indicated the mobility of the
Mgo.05Zng.950 nanostructure was 1.1 cm2/Vs, and the carrier con-
centration was about 5.6 x 1018 /cm?3 with n type conductivity.

Fig. 5 presents the responsivity as a function of wavelength for
My 05Zng 950 nanowall networks UV photodetector. The incident
optical power was measured with a calibrated UV-enhanced Si pho-
todetector. In the UV spectral region, the photodetctor showed a
high responsivity, with only a little decrease from 352 to 200 nm. At
5V bias, the peak response was found at 352 nm with the responsiv-
ity of 24.65 A/W, corresponding to an external quantum efficiency
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Fig. 4. I-V curves of dark current and illuminated at 360 nm.
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Fig. 5. Spectral response of the Mgg ¢5Zng 950 nanowall networks UV photodetector
with the reverse of 5V. The inset shows the responsivity at 352 nm as a function of
reverse bias.

of ~8490%. The responsivity of our device was higher than that
observed from other ZnO-based UV photodetectors on Si substrate
[8,12,13]. The cutoff wavelength occurred at 360 nm. Meanwhile,
the visible rejection (R352 nm/R400 nm) was more than four orders
of magnitude, indicating a high degree of visible blindness. To fur-
ther characterize the photodetectors, the responsivity as a function
of reverse bias was determined. As shown in the inset of Fig. 5, a
linear relationship was obtained between 1 and 7V, indicating that
no carrier mobility saturation even up to 7V reverse bias.

It should be noted that such high external quantum efficiency
was attributed to the photoconductive gain in the device. In our
case, it was supposed that the gain can be explained by the presence
of oxygen-related hole-trap states at the nanowall surface [14-16].
The trapping mechanism can be described as the oxygen molecules
are adsorbed on the oxide surface and capture the free electrons
present in the n-type oxide semiconductor. The photogenerated
holes discharge the negatively charged adsorbed oxygen ions, and
consequently, oxygen is photodesorbed from the surface, the un-
pair electrons are either collected at the anode or recombine with
holes. The essential reaction formula can be shown as the following:

02(g) +e” — 05 (ad) (1)
hv — e~ +ht (2)
h* + 05 (ad) — 0x(g) 3)

It is well known that when the oxygen molecules were adsorbed
at the surface, it can produce an electron-depleted space-charge
layer in the surface region. It is interesting to be noted that the
resistance of Mg g5Zng 950 naonowall was enhanced about 0.5 k2
after applied voltages for a moment. The thermal effect is helpful
to improve the absorption efficiency of oxygen molecules. Thus,
the existence of oxygen-related hole-trap states at the surface was
indirectly proved. To full understand these phenomena, we need
to perform more experiments, such as the measurements in dif-
ferent oxygen concentrations and different temperatures. These
experiments are underway and the results will be reported sep-
arately.

The dependence of photocurrent on the modulation frequency
of the incident optical signal was also analyzed. The photocurrent
decayed with the increase of the modulation frequency, as shown
in Fig. 6. The plot showed a hyperbolic type relationship between
the photocurrent and the modulation frequency [17]. From the
plot, a response time of 25 ms was obtained at about 5V bias. We
plotted the response time dependence on the reverse bias of the
My 05Zng 950 nanowall networks UV photodetector from the exper-
imental data, as shown in the inset of Fig. 6. The response time
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Fig. 6. Dependence of the photocurrent on the chopper frequency. The solid curve
is the best fit curve. The inset is the dependence of the response time on the reverse
bias of Mgg 05Zng 950 nanowall networks UV photodetector.

decreases with increasing reverse bias of the device, agreeing well
with the effect of the sweep-out field increase. It should be noted
that the response time of 25 ms is fall smaller than that reporter
from ZnO-based MSM photodetectors [18].

4. Conclusions

In summary, the visible-blind Mgg g5Zng 950 nanowall networks
UV photodetector has been fabricated on Si(1 1 1) by MBE. The pho-
todetector exhibited a sharp cutoff wavelength at 360 nm. The peak
responsibity of 24.65A/W at 352nm was measured at 5V bias,
corresponding to an external quantum efficiency of ~8490%. The
visible rejection (R352 nm/R400 nm) was obtained more than four
orders of magnitude from the fabricated photodetector. The pho-
toconductive gain can be explained by presence of oxygen-related
hole-trap states at the nanowall surface. The response time of 25 ms
was determined by the measurements of photocurrent versus mod-
ulation frequency.
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