Schottky Barrier Photodetectors Based on Mg 4Zng 60O Thin Films
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ABSTRACT: Wurtzite (Mgo40Znos0) thin films have been grown on quartz substrates by using the radio frequency magnetron
sputtering technique, and a metal—semiconductor—metal Schottky barrier photodetector has been fabricated from these films. The
photodetector exhibits a peak responsivity at 276 nm and a very sharp cutoff wavelength at 295 nm corresponding to the absorption
edge of the Mg 40Zng .60 thin film. At 2 V bias, the detectivity of the photodetector is 1.1 x 10'* (cm Hz'?)/W at 276 nm, and the
ultraviolet-to-visible rejection ratio [R(276 nm)/R(400 nm)] is about 4 orders of magnitude. The photodetector also exhibits a very

low dark current of about 100 pA at 2 V bias.

Introduction

There is currently great interest in ultraviolet (UV) photo-
detectors due to their versatile applications, such as missile
warning and tracking, engine/flame monitoring, chemical/
biological agent detecting, and covert space-to-space com-
munication, etc.' ™ Mg,Zn;_,0 has been considered as an ideal
material for the UV photodetectors because it has high UV
absorption coefficients and high visible transparency and it is
abundant, inexpensive, and environmentally friendly as well.
Ultraviolet band (UV-B) (280—320 nm) solar radiation has a
huge effect on the earth ecosystem and human health.” The
development of reliable and low-cost UV-B monitoring devices
is thus an important issue. A Mg,Zn,—,0O-based-photodetector,
with a Mg mole fraction of about 0.4, is a very promising
candidate for this UV-B detection, due to its suitable bandgap
and superior radiation endurability.®”®

Many detailed studies on the growth of low-Mg-content
(<20%) Mg, Zn;_,O photodetectors have been reported.”'’
Yang et al. have demonstrated deep ultraviolet cubic Mg,Zn;—,O
photodetectors, and the peak responsivity was at 225 nm,
indicating that the Mg composition was about ~68%.'" The
main difficulty to be solved for devices based on a Mg
component in the range from 37% to 62% is phase separation.'"*'?
Furthermore, no Schottky barrier type photodetector based on
Mg,Zn,-,O with high Mg content (>30%) has been reported
to the best our knowledge, although this type can reduce the
dark current and enlarge the ultraviolet-to-visible rejection. In
this work, the Schottky barrier Mgy 40Zng 60O photodetector has
been fabricated and its response characteristics are studied.

Experiment

The sample used in this study was grown by the radio frequency
(rf) magnetron sputtering technique. A Mgy 1sZn ;0 target was prepared
by a sintering mixture of 99.99% pure MgO and ZnO powders at 1273
K for 10 h in ambient air. The sputtering chamber was pumped down
to a high vacuum of 5.0 x 10™* Pa by a turbo molecular pump.
Ultrapure (5 N) Ar and N, gases were introduced into the sputtering
chamber through a set of mass flow controllers with flow rates of 22.5
sccm (standard cubic centimeters per minute). The working pressure
in the chamber was kept at 1 Pa with an rf power of 100 W, and the
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Figure 1. Transmission spectra of Mgg40Zno.600, Mg 20Zno.00, and
ZnO thin films grown on quartz substrates.

substrate temperature was controlled at about 673 K during the
sputtering process. To improve the crystal quality, the films were
annealed at 873 K for 10 min under 1.0 x 10~* Pa in a vacuum chamber
after sputtering. The Mg composition in the films was measured by
energy-dispersive spectroscopy (EDS) and found to be Mg .4Zng 600.
The difference between the Mg percentage in the target and that in the
film was attributed to the high vapor pressure of Zn. It should be noted
that no phase separation was observed after annealing, and the
absorption edge blue-shifted obviously, which is explained in our
previous paper.'?

Results and Discussion

The optical transmission spectra were recorded using a
Shimadzu UV-3101PC scanning spectrophotometer. Shown in
Figure 1 is the transmission spectrum of the Mgg 40Zng 0O thin
film. The spectra of Mgp20Zn 300 and ZnO are also presented
for comparison. The transmission spectra of all three films have
more than 80% transmission in the visible region. Clearly, the
absorption edge of the Mgy 49Zng 6O thin film is at about 300
nm. It is interesting to note that all three samples exhibit a sharp
absorption edge, whereas in the earlier reports a broadening in
the absorption edge is normally observed at higher Mg
composition and is usually attributed to the Mg segregation from
the lattice site of Mg,Zn;—O thin films."*'> In this work, no
such broadening is observed in the sputtered Mg 40Zng 60O thin
film.

The structural properties of the Mg,Zn; O thin films were
characterized by X-ray diffraction (XRD) using a D/max-RA
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Figure 2. XRD pattern of the Mg 40Zng O thin film prepared on quartz
by the rf magnetron sputtering technique.
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Figure 3. (a) Optical microscope top view of the MSM structured
photodetector showing interdigitated electrodes. (b) Schematic illustra-
tion of the interdigitated electrodes including the values of the finger
width and the spacing.

X-ray spectrometer (Rigaku) with Cu Ko radiation of 0.154
nm. Figure 2 shows the XRD pattern of the Mg 49Zng O thin
film grown on a quartz substrate after annealing. Only a (0002)
diffraction peak can be observed, indicating that the film is
hexagonally structured and highly c-axis oriented.'® The peak
is Gaussian symmetrical with a full width at half-maximum
(fwhm) of 0.3°. The film thickness was 550 nm after deposition
and 500 nm after annealing. The mean size of the Mg 40Zng c0O
crystallites was about 50 nm. It should be noted that only a
few groups have obtained single-phased Mg,Zn,;—,O alloys with
Mg concentration larger than 40%.'2

The metal—semiconductor—metal (MSM) structure was
fabricated on the Mg 40Zn 0O thin film using an interdigitated
electrode mask set, an image of which is shown by the optical
microscope photograph in Figure 3a. The electrode fingers are
5 um wide and 500 um long with a 5 um spacing gap. A
schematic illustration of the interdigitated electrodes is shown
in Figure 3b. A 200 nm thick Au layer was deposited using the
vacuum evaporation method with a growth rate of approximately
50 nm/min. Au was chosen as the Schottky metal contact
because of its comparatively high work function (& = 5.1 eV),
as well as the encouraging results reported in Au/ZnO Schottky
diodes previously. The MSM electrodes were then fined by
conventional UV photolithography and wet etching.
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Figure 4. [—V characteristic of the Mgy40ZnoscO MSM Schottky
photodetector in the dark. The inset shows a magnified illustration of
the /—V curve.
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Figure 5. Spectral response of the Mg 40Zng O photodetector biased
at 2 V. The inset shows the peak responsivity at 276 nm as a function
of the bias voltage.

The dark current measurements were obtained under the van
der Pauw configuration by a Hall effect measurement system
at room temperature. As shown in Figure 4, a very low dark
current of ~100 pA at a bias of 2 V is obtained, which is far
smaller than the previous published data.'®!'” The fact is that
the device presented a very low dark current due to the wide
band gap and Schottky barrier height. We note that the Schottky
barrier exhibited no degradation even when biased beyond 15
V for extended periods of time.

The spectral responsivity was measured with a standard lock-
in amplifier, where a 150 W Xe lamp was used. Figure 5 shows
the spectral responsivity of the Schottky barrier Mgy 40Zng 600
photodetector at a bias of 2 V. The peak response is 0.0012
A/W at 276 nm. The cutoff wavelength is at 295 nm, which is
in agreement with the absorption edge shown in Figure 1. The
ultraviolet-to-visible rejection [R(276 nm)/R(400 nm)] is about
4 orders of magnitude. The inset of Figure 5 shows the
responsivity as a function of the bias voltage. A linear
relationship is obtained, indicating no carrier mobility saturation
or sweep-out effect happens at up to 7 V bias. The noise
equivalent power (NEP) can be calculated by NEP = (4kgT/
Raak + 2qla1) > Af'?/R, where Rya refers to the equivalent
resistance obtained from the slope of the dark current /—V curve
at the bias point, l4u is the dark current at the bias point, T is
the temperature, Af is the bandwidth of the measurement, and
R is the measured responsivity. The normalized detectivity (D*)
can then be determined by D* = (AAf)"?/(NEP), where A is
the device area. With 2 V applied bias, a maximum D* of 1.37
x 10'? (cm Hz"?)/W at 276 nm is obtained. It should be noted
that the detectivity measured from our Mgp40ZngsO UV
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detector is higher than those observed from ZnO and GaN-based
MSM photodetectors with a similar structure.'”'®

Conclusions

In summary, we have demonstrated MSM structured Schottky
barrier Mg 40Zno 60O photodetectors. The photodetector shows
a peak responsivity at 276 nm, and the corresponding detectivity
is 1.1 x 10'"? (cm Hz'"?)/W. A sharp cutoff wavelength is at
295 nm, and the ultraviolet-to-visible rejection is about 4 orders
of magnitude. The dark current is only about 100 pA at 2 V
bias. We believe that these results represent a significant step
toward achieving practical solid-state UV photodetectors based
on the Mg,Zn;-,O material system.
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