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Mgo.20Zng 800 films have been prepared on quartz substrates by using radio frequency (RF) magnetron
sputtering, and metal-semiconductor-metal (MSM) structured photodetectors have been fabricated on
the Mgo20Znpso0 films employing interdigital Au as metal contacts. We have investigated the effects
of electrode spacings on the properties of Mgp20Zngg0O MSM photodetectors. It was shown that both
of dark currents and responsivities of the devices will decrease with the increasing electrode spacing
at the same bias. It was thought that the resistance and the depletion region between the electrodes
play important roles in the devices, and the physical mechanism can be explained by a straightforward

Published by Elsevier B.V.

1. Introduction

MgxZn;_,0 has been subjects of intense scientific research as
wide band gap optoelectronic materials. Its excellent material
properties are promising for ultraviolet (UV) photon detectors
[1-4]. Compared with GaN based material system, it has been
reported that the saturation velocity of MgxZn,_,0 is higher, and it
has also been found that MgyZn;_,Ois less susceptible to irradiation
effects [5]. Furthermore, MgxZn;_,O has lower charged dislocation
scattering and interface scattering. Thus, MgxZn;_,O based pho-
todetectors are extremely useful for UV light sensing. Recently,
there have been lots of reports on good quality MgxZn{_,O films
fabricated by the well-known techniques such as metalorganic
chemical vapor deposition (MOCVD) [6,7], molecular beam epi-
taxy (MBE) [8,9], RF magnetron sputtering [10,11], and pulsed laser
deposition (PLD) [12,13]. Among these techniques, the operation of
RF magnetron sputtering is simple and has lower cost.

Due to the challenges of reliable p-type doping of MgyZn;_,O
that hinder the realization of p—n junction-based devices, the MSM
structure has been preferentially considered for the photodetec-
tor applications [14,15]. It is well known that MSM photodetectors
have several advantages compared with traditional p—n photodi-
odes. Firstly, they have a planar structure, which is compatible
with most electronic devices, making them ideal for optoelectronic
integrated circuit (OEIC) applications. Secondly, because of their
geometry, they have a lower capacitance for the same active area
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resulting in a lower (RC) time delay. Thirdly, the process for fabri-
cating these devices is very simple and compatible with regular
IC processes. All of these properties make MSM photodetectors
attractive for the high performance photodetection. Furthermore,
the electrode spacing will affect the properties of MSM photode-
tectors obviously, which will result in different resistances, active
receiving areas, and capacitances. Unfortunately, there is no report
about the role of the electrode spacing. In this work, we report the
growth of Mgg20Zng gpO thin films and the fabrication of Schottky
type Mgg20ZnggoO MSM photodetectors. The effects of electrode
spacings on the properties of Mgg20ZnggoO MSM photodetectors
will be discussed.

2. Experiments

MgxZn;_,0 thin films were grown on quartz substrates by using
RF frequency magnetron sputtering technique. A Mgg 1Zng g0 tar-
get was prepared by sintering the mixture of 99.99% MgO and ZnO
powders at 1273 K for 10h in air ambient. Before deposition, the
quartz substrates were cleaned in an ultrasonic bath with acetone,
ethanol, and de-ionized water at room temperature. The growth
chamber was evacuated to a base pressure of 5 x 10~4 Pa, and then
filled to 1.0 Pa with mixed gases of 99.99% pure Ar and O,, which
were introduced into the sputtering chamber through a set of mass
flow controllers with the rates of 60 and 20 SCCM (standard cubic
centimeter per minute), respectively. The substrate temperature
was controlled at about 673 K. The rate of deposition is adjusted
so as to have a film thickness of nearly 400 nm during the film
growth. In order to improve the crystal quality, the sample was
annealed at 973 K for 30 min in vacuum. The MSM structure with
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Fig. 1. XRD spectra of the MgyZn;_,O thin film prepared on the quartz substrate by
RF magnetron sputtering technique. The inset shows the EDS data for the MgyZn;_xO
thin film.

interdigitated configuration on the MgyZn;_,O thin film was
obtained by lithography and wet etching. It consists of 12 fingers
at each Au electrode, which are 5 wm width, and 500 wm long. The
spacings of three electrodes are 2, 5, and 10 wm, respectively.

The crystal quality of MgxZn;_,O thin films was charactered by
an X-ray diffraction (XRD) with Cu Ko (0.154 nm) line as the radia-
tion source. Energy-dispersive X-ray spectroscopy (EDS) (GENESIS
2000 XMS 60S) was used to determine the composition of the films.
The transmission and absorption spectra were recorded using a
Shimadzu UV-3101PC scanning spectrophotometer. For the charac-
terization of MgyZn;_,O MSM photodetectors,a 150 W Xe lamp was
used as the excitation source. The spectrum response was measured
by a lock-in amplifier. The typical current-voltage (I-V) character-
istics of the photodetectors were measured by a semiconductor
analyzer (Keithley 4200).

3. Results and discussion

The structural property of the MgxZn;_,O thin film assessed by
XRD and the diffraction pattern of the film is shown in Fig. 1. Only
one peak located at 34.6° can be observed for the sample, and this
peak can be attributed to the diffraction from (0 0 2) facet of hexago-
nal MgxZn;_,O alloys (JCPDS Card no. 80-0075). The absence of the
characteristic peaks of cubic structure indicates that the film has
preferred (002) orientation without phase separation. In order to
better understand the Mg composition in the MgyZn;_,O thin film,
EDS measurement for the film was carried out. The inset of Fig. 1
shows the EDS spectra of MgxZn;_,O thin film on quartz substrate,
indication the Mg composition about 20%.

Fig. 2 shows the transmission and absorption spectra of the
annealing film. The substrate contribution is excluded. There was a
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Fig. 2. Transmission and absorption spectra of the Mg 20ZnggoO thin film.
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Fig. 3. Schematic illustration of the MSM photodetector showing interdigitated
electrodes.

steep absorption edge at 320 nm, indicating that there may be few
defects in the film. The transmittance in visible region was more
than 70%, and such high transmission was helpful to enhance the
ultraviolet responsivity.

Dark current is important to the performance of the photode-
tector since high dark current will introduce noise to the system
and make the minimum detectable power higher. Fig. 3 shows the
schematic illustration of the interdigitated contacts. I-V character-
istics of the fabricated Mgg20Znggo0O MSM photodetectors were
carried out in Fig. 4. All devices exhibited low dark current due
to high material resistivity and the rectifying nature of the con-
tacts. As shown in Fig. 4 for Mgg20ZnggoO MSM photodetectors,
the dark currents were 7.2, 2.1, and 0.4nA under 3V bias, which
were corresponding to the spacings of 2, 5, 10 wm, respectively.
Furthermore, it was clearly shown that the dark current decreased
with the increasing spacing. As an important parameter, the spac-
ing will affect the dark current, and the physical mechanism will
be discussed in below.

Fig. 5 shows measured spectral response of the fabricated
Mgo.20Zng 800 MSM photodetectors with different spacings. The
applied bias voltage was 3V for each spacing. As shown in Fig. 5,
it was found that the responsivities were also different with the
spacings in the wavelength region from 300 to 500 nm. The peak
responsivity increased with the decreasing spacing and it reached
a maximum responsivity of 0.8 A/W with the spacing of 2 pm.
Furthermore, the inset of Fig. 5 shows the peak responsivity as a
function of bias voltage with the spacing of 2 um. A nonlinear rela-
tionship was obtained, indicating the sweep-out effect up happens
at up to 10V bias.
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Fig. 4. -V characteristics of the fabricated Mgp 20Zno soO MSM photodetectors with
different spacings.
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Fig. 5. Spectral response of Mgp20Zn o0 MSM photodetectors with different spac-
ings. The inset shows the peak responsivity as a function of bias voltage with the
spacing of 2 um.

Comparing the parameters for these devices, the differences are
attributed to the electric fields, which are due to different spacings.
It is necessary to make known the distribution of the electric fields,
in which the depletion width is the most important parameter. It
is known that the MSM structure is basically two Schottky barriers
connected back to back. As the applied voltage increases, the sum
of the two depletion widths will also increase. Eventually at the
reach-through voltage, Vir, the two depletion regions touch each
other and the sum equals exactly to the spacing. For a matter refer-
ence, we change the spacings with a lower bias voltage of 3V. The
depletion width can be expressed as [16]:

[ 2keo(Yo + V)
W= \ qNg

Here k is relative dielectric constant, &g is absolute dielectric con-
stant, Y is built-in potential, V is the bias voltage, q is electron
charge, and N, is the donor concentration ~1016 cm~3. We suppose
that the whole bias voltage acted on the reverse biased junction, the
depletion width was carried out at about 0.6 wm. Therefore, the
actual sum of two depletion widths will be less than 2 pm obvi-
ously, indicating that the bias could not achieve Vgr. Then we can
establish the model of the electric field, and the potential profile of
the 1-dimensional (D) MSM structure, as shown in Fig. 6.

Based on the model, the physical mechanism of the forma-
tion different parameters for all devices can be explained. (1) The
explanation for the dark currents: we confirm that the length L
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Fig. 6. Model of the electric field, and the potential profile of 1D MSM structure
before achieving Vkr.

will be widened with the increasing spacing. This results in the
increasing resistance, which is the main reason for the lower dark
current. For the spacing of 10 wm, the dark current was the low-
est of 0.4 nA. (2) The explanation for the responsivities: it is noted
that the responsivity is proportional to the electric field between
the electrodes. The active receiving area for the MSM photodetec-
tors was the depletion region. When the bias voltage was applied,
any free carries including the photogenerated carriers exist in this
region will be swept out by the high electric field and drift at their
terminal velocities to the metal electrodes. The sum of the two
depletion widths will expand with the increasing applied voltage.
As mentioned above, when the applied voltage was a constant, the
resistance will be larger with the increasing spacing. So the volt-
age on the resistance of the length L will be enhanced, implying
that the voltage acting on the depletion region will decrease. We
deduce that the depletion region will be shorter at the same time,
which is equal to the reducing of the active receiving area. Then, the
amount of photogenerated carriers will also decrease. Obviously,
the varied trend of the responsivity was contrary to the increasing
spacing.

4. Conclusions

Mgp20Znggo0 MSM photodetectors with different spacings
were fabricated and characterized. It was found that the dark cur-
rent decreased with the increasing spacing, which was attributed
to the enhanced resistance between the electrodes. It should be
noted that all dark currents were below 10 nA at 3 V. However, the
applied bias voltage, 3 V, could not achieve Vg for the shortest spac-
ing, it was also showed that the highest responsivity of 0.8 A/W
corresponding to the shortest spacing, which was due to the widen
depletion region. The research indicates that we should enhance
the Schottky barrier and adopt short spacings to fabricate MSM
photodetectors. We believe that these results represent a signifi-
cant step toward achieving practical solid state UV photodetectors
based on MgxZn;_,O material system.
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